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iLlDA^ERTISElMiENT,

The publications of the United States Geological Survey are issued in accordance with the statute

approved March 3, 1879. which declares that

—

"The publications of the Geological Survey shall consist of the annual report of operations, geological

and economic maps illustrating the resources and classification of the lands, and reports upon general

and economic geology and paleontology. The annual report of operations of the Geological Survey

Bhall accompany the annual report of the Secretarj' of the Interior. All special memoirs and reports

of said Survey shall be issued in uniform qu^arto series if deemed necessary by the Director, but other-

wise in ordinary octavos. Three thousaaid copies of each shall be published for scientific exchanges

and for sale at the price of publication ; and all literary and cartographic materials received in exchange

shall be the property of the United States and form a part of the library of the organization ; and the

money resulting from the sale of such publications shall be covered into the Treasury of the United

States."

On July 7, 1882, the following joint resolution, referring to all Government publications, was passed

by Congress

:

"That whenever any document or report shall be ordered printed by Congress, there shall be printed,

n addition to the number in each case stated, the ' usual number ' (734) of copies for binding and
distribution among those entitled to receive them."

Except in those cases in which an extra number of any publication has been supplied to the Survey
by special resolution of Congress or has been ordei'ed by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL KEPORTS.

I. First Annual Report of the United States (Geological Survey, by Clarence King. 1880. 8°. 79 pp,
1 map.—A preliminary report describing plan of organization and publications.

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. PoweU. 1882,

8°. Iv, 588 pp. 62 pi. 1 map.
III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883-

8°. xviii, 564 pp. 67 pi. and maps.
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884,

8°. xxxii, 473 pp. 85 pi. and maps.
Y. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885

8°. xxxvi, 409 pp. 58 pi. and maps.
VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885

8°. xxix, 570 pp. 65 pi. and maps.
VH. Seventh Annual Report of tlie United States Geological Survey, 1835-'86, by J. "W. Powell. 1888,

8°. XX, 656 pp. 71 pi. and maps.
Vm. Eighth Annual Report of tiie United States Geological Survey, 1886-'87, by J. ^Y. Powell. 1889,

8°. 2 pt. xix, 474, xii pp. 53 pi. and maps; 1 p. 1., 475-1063 pp. 54-76 pi. and maps.
IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889

8°. xiii, 717 pp. 88 pi. and maps.
X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. PoweU. 1890

8°. rpt. XV, 774 pp. 98 pi. and maps ; viii, 123 pp.
XI. Eleventh Annual Report ofthe United States Geological Survey, 1889-'90, by J. W. Powell. 1891

8°. i pt. XV, 757 pp. 66 pi. and maps ; ix, 351 pp. 30 pi.

XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1891
8°. 2 pt. xiii, 675 pp. 53 pi. and maps ; xviii, 576 pp. 146 pi. and maps.
XIII. Thirteenth Annual Report of the United Stales Geological Survey, 1891-'92, by J. W. Powell

1893. 8°. 3 pt. vii, 240 pp. 2 pi.

XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-'93, by J. "W.PowelL
1893. 8°. 2pt.



n ADVERTISEMENT.

MONOGRAPHS.

I. Late Bonneville, by Grove "Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pi. 1 map. Price $1.50.

n. Tertiary. History of the Gfand Canon District, vrith atlas, by Clarence E. Button, Capt. TJ. S. A.
1882. 4°. xiv, 264 pp. 42 pi. and atlas of 24 sheets folio. Price $10.00.

lU. Geology ofthe Oomstoclx Lode and the Washoe District, with atlas, by George F. Becker. 1882.

10. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price $11.00.

rV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pi. Price $1.50.

V. The Copper-Bearing Rooks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 404 pp.

151. 29 pi. and maps. Price $1.85.

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by "William Morris

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pi. Price $1.05.

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16

pi. Price $1.20.

Vm. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 298 pp.

241. 24 pi. Price $1.10.

IX. BracMopoda and LamellibrancMata of the Raritan Clays and Greensand Marls of New Jersey,

by Robert P. Whitfield. 1885. 4°. xx,338pp. 35 pi. 1 map. Price $1.15.

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel CharlesMarsh.

1880. 4°. xviii, 243 pp. 56 1. 56 pi. Price $2.70.

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel

CookRusselL 1885. 4°. xiv, 288 pp. 46 jH. and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 4°. xxix, 770 pp. 45 pi. and atlas of 35 sheets folio. Price $8.40.

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.

1888. 4°. xix,486pp. 7 pi. and atlas of 14 sheets folio. Price .$2.00.

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-

ley, by John S. Newberry. 1888. 4°. xiv, 152 pp. 26 pi. Price $1.00.

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 377

pp. 180 pi. Text and plates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pi.

Price $1.00.

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesqnereux. Edited by F. H.

Knowlton. 1891. 4°. 400 pp. 66 pi. Price $1.10.

XVEII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey,

by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pi. Price $1.00.

XEX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving

and C. R. Van Hise. 1892. 4°. xix, 534 pp. 37 pi.

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419 pp. 8 pi.

In press

:

XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder.

XXrr. A Manual of Topographic Methods, by Henry Gannett, chief topographer.

XXm. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff,

and T. Nelson Dale.

In preparation

:

— MoUusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield.

— Sauropoda, by O. C. Marsh.

— Stegosauria, by O. C. Marsh.
— Brontotheridaj, by O. C. Marsh.
— Report on the Denver Coal Basin, by S. F. Emmons.
— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Bramoni.

— The Glacial Lake Agassiz, by "Warren Upham.

BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by AVhitman Cross, with*

GeologicalSketchof Buffalo Peaks, Coloi'ado, by S.F.Emmons. 1883. 8°. 42 pp. 2 pi. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., com.

putedby Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents.

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County,

NewTork, to Bradford County, Pennsylvania, by Henry S.Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pi. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. J 884. 8°. 325 pp,

Price 20 cents.

•. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents.



ADVERTISEMENT. Ill

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (ITorthand South),

1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcou. 1884.

8°. 184 pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Eocks, by K. D. Irving and C. K.

Van Hise. 1884. 8°. 56 pp. 6 pi. Price 10 cents.

9. A report of work done in the Washington Laboratory during the fiscal year 1883-'84. F. W. Clarke,

chief chemist. T. M. Chatard, assistant chemist. 1884. 8='. 40 pp. Price 5 cents.

10. Ou the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.

1884. 8°. 74 pp. 10 pi. Price 5 cents.

11. On the Quaternary and Kecent Mollusca of the Great Basin ; with Descriptions of New Forms,

by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.

Gilbert. 1884. 8°. 66 pp. 6 pi. Price 5 cents.

12. A Crystallographic Study of the Tliiuolite of Lake Lahontan, by Edward S. I)ana. 1884. 8°.

34 pp. 3 pi. Price 5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical

Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents.

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Cari Barus and Vincent

Strouhal. 1885. 8°. 238 pp. Price 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp.

Price 5 cents.

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°.

86 pp. 3 pi. Price 5 cents.

17. On the Development of Crystallization in the Igneous Eocks of Washoe, Nevada, with notes on

the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5

cents.

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America,

by Charles A. White. 1885. 8°. 26 pp. 3 pi. Price 5 cents.

19. Notes on the Stratigraphy of California, by George F.Becker. 1885. 8°. 28 pp. Price 5 cents.

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hillo-

brand. 1885. 8°. 114 pp. 1 pi. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and

Morcau Rivers, Dakota, by Bailey WiUis. 1885. 8°. 10 pp. 5 pi. Price 5 cents.

22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pi.

Price 5 cents.

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke-

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin, 1885. 8°. 124 pp. 17 pi.

Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from Ameriean
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall.

1885. 8°. 336 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.

1885. 8°. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents.
' 27. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1884-'85. 1886. 8°. 80 pp. Price 10 cents.

28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore,

Md.,, by George Huntington Williams. 1886. 8°. 78 pp. 4pL Price 10 cents.

29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886.

8°. 41 pp. 4 pi. Price 5 cents,

30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo
little Walcott. 1886. 8°. 369 pp. 33 pi. Price 25 cents.

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-

nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States ; a Preliminary Study, by Albert

C. Peale. 1886. 8°. 235 pp. Price 20 cents.

33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 cents.

34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene

and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pi. Price 10 cents.

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8°. 62

pp. Price 10 cents.

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents.

37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pi. Price 25 cents.

38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1 pi. Price 5 cents.

39. the Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°. 84

pp. 1 pi. Price 10 cents.

4U. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. iSSJ.
|o. 10 pp. 4pl. Price 5 cents.



IV ADVERTISEMENT.

41. On the Fossil Faunas of the Upper Devonian—tlie Genesee Section, l<!ew York, by Henry S.

Williams. 1887. 8°. 121 pp. 4 pi. Price 15 cents.

42. Report of work clone in the Division of Chemistry and Physics, mainly during the liscal year

1885-86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1 pi. Price 15 cents.

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tonibighee, and Alabama Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1887. 8°. ISO pp. 21 pi. Price 15 cents.

44. Bibliography of Iforth American Geology for ISSti, by Nelson H. Dartou. 1887. 8°. 35 pp.

Price 5 cents.

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8°. 94

pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro-

duction by N. S Shaler. 1888. 8°. 143 pp. Price 15 cents.

47. Analyses of "Waters of the Yellowstone National Park, with an Account of the Methods of

Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84 pp. Price

10 cents.

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88 pp.
Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert

Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents.

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood-
ward. 1889. 8°. 124 pp. Price 15 cents.

51. On luvertebrate Fossils from the Paciiic Coast, by Charles Abiathar White. 1889. 8°. 102 pp.

14 pi. Price 15 cents.
*

52. Subaerial Decaj"^ of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook
Russell. 1889. 8°. 05 pp. 5 pi. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 pi. Price 10

cents.

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 313 pp.,

Jncl. 1 pi. 11 pi. Price 25 cents.

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1886-87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents.

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72 pp.

7 pi. Price 10 cents.

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 2 pi.

Price 5 cents.

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George

Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. 8°. 112 pp., incl.

Ipl. 8 pi. Price 15 cents.

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp.

1 pi. Price 10 cents.

60. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1887-'88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents.

61. Contributions to the Mineralogy of tlie Pacific Coast, by William Harlow Melville and Waldemar
Lindgren. 1890. 8°. 40 pp. 3 pi. Price 5 cents.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri-

bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Wijlliam^;

with aji introductioin by Roland Diier Irving. 1890. 8°. 241 pp. 16 pi. Price 30 cents.

p3. A Bibliqgraphy qf Paleozoic Crustacea from ^.698 tq 1889, iuchiding a list qf North America?^

§pec^es and a systeniatic arrangement qf genera, by Anthqny W. Vogdes. :^890. 8°. 177 pp. Pricp

p cent?.

^. Aipppqrt qf syqrk done ^i^ the Division of Chemisti'y and Physicg, majnly during the fiscal jeaf^

1888-'89. F. "Vy. Clq.rke, chief cheii(ist). ;890. 8°. 60 pp. price 10 cents.

^5. Stratigraphy qf the Bitun^inoug Cqal Field qf ]pennsylYania, 01(io, a^d Wpst Yirginia, by l8:Fap}

p.Whitip. 1891. QP. 212 pp. Upl. Price 20 cents,

66. On a Group of Yolcanic Rocks from the Tewau Mountains, New Mexico, and on the occurrence

of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price 5 cents.

67. The Relations of the Traps of the Newark Sjstem in the New Jersey Region, by Nelson Horatio

Darton. 1890. 8°. 82 pp. Price 10 cents.

68. Earthquakes in California in 1889, 'by James Edward Keeler. 1890. 8°. 25 pp. Price 5 cents.

69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890.

8°. 101 pp. Price 15 cents.

70. Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°. 79 pp.

Price 10 cents.

71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by Samuel

Hubbard Scudder. 1891. 8°. 744 pp. Price 50 cents.

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891. 8".

229 pp. Price 20 cents.



ADVERTISEMENT. V

73. Tlie Viscosity of Solids, by Carl Biirus. 1891. 8°. xii, 139 pp. 6 pi. Price 15 cents.

74. The Minerals of North Carolina, by Freilerick Augustas Gentli. 1891. 8°. 119 pp. Price 15

centn.

75. Record of North American Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 1891;

8°. 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett,

(;lii(!f topographer. 1891. 8°. 393 pp. Price 25 cents.

77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. White. 1891. 8°. 51 pp.

4 pi. Price 10 cents.

78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1880-'90. F. \V. Clarke, chief chemist. 1891. 8°. 131pp. Price 15 cents.

79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by J. S. Diller. 1891. 8°.

33 pp. 17 pi. Price 10 cents.

80. Correlation papers—Devonian and Carboniferous, by Henry Shaler \\''illiams. 1891. 8"^. 279 pp.

Price 20 cents.

81. Correlation papers—Cambrian, by Charles Doolittle "Walcott. 1891. 8°. 447 pp. 3 pi. Price

25 cents.

82. Correlation papers—Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3 pi. Price 20 cents.

83. Correlation papers—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pi. Price 15 cents.

84. Correlation papers—Neocene, by W. H. Dall and G. D. Harris. 1892. 8°. 349 pp. 3 pi. Price

25 cents.

85. Correlation papers—The Newark System, by Israel Cook llussell. 1892. 8°. 344 pp. 13 pi.

Price 25 cents.

86. Correlation papers—Archean and Algonkian, by C. E. Van Hise. 1892. 8°. 549 pp. 12 pi.

Price 25 cents.

90. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1S90-'91. F. W. Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents.

91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. Price

10 cents.

92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pi. Price 10 3ents.

93. Some insects of special interest from Florissant, Colorado, and other points in the Tertiaries of

Colorado and Utah, by Samuel Hubbard Soudder. 1892. 8°. 35 pp. 3 pi. Price 5 cents.

94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents.

95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 8°. 31 pp.

Price 5 cents.

96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 100 pp. Price 1 cents.

97. The Mesozoic Echinodermata of the United States, by William Bullock Clark. 1893. 8°. 207

pp. 50 pi. Price 20 cents.

98. Flora of the Outlying Carboniferous Basins of Southwestern Missouri, by David White. 1893.

8°. 139 pp. 5 pi. Price 15 cents.

99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 73 pp. Price

15 cents.

100. Bibliography and Index of the Publications of the U. S. Geological Survey, 1879-1892, by Philip

C reveling Warman. 1893. 8^. 495 pp. Price 25 cents.

101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893. 8°. 27 pp.

2 pi. Price 5 cents.

102. A C;italogae and Bibliography of North American Mesozoic Invertebrata, by Cornelius Breck-

nridgo Boyle. 1893. 8°. 315 pp. Price 25 cents.

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by
Carl Barus. 1893. S°. 57 pp. 9 pi. Price 10 cents.

104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 8*.

41 pp. 4 pi. Price 5 cents.

105. The Laramie and the overlying Livingston Formation in Montana, bs' Walter Harvey Weed,
with Report on Flora, by Frank Hall Knowltou. 1833. 8°. 68 pp. C. pi. Price 10 cents.

106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288 pp.

45 pi. Price 20 cents.

107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and Vernon Free-

man Marsters. 1893. 8°. 62 pp. 4 pi. Price 10 cents.

108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 108 pp.

12 pi. Price 15 cents.

109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom-

ena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pi. Price 15 cents.

110. The Paleozoic Section in the vicinity of Three Forks, Montana, by Albert Charles Peale. 1893.

8°. 56 pp. 6 pi. Price 10 cents.

111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Marina R. Campbell.

1893. 8°. 106 pp. 6 pi. Price 15 cents.

112. Earthquakes in California in 1892, by Charles D. Perrine. 1893. 8°. 57 pp. Price 10 cents.



VI ADVERTISEMENT.

113. A report of work done in the Division of Chemistry during the fiscal years 1891-92 and 1892-'9;l.

r. W. Chxrke, chief chemist. 1893. 8°. 115 pp. Price 15 cents.

114. Earthquakes in California in 1893, by Charles D. Perrine.

115 A Geographic Dictionary of Rhode Island, by Henry Gannett. 1894. 8°. 31pp. Price 5 cents.

116. A Geographic Dictionary of Massachusetts, by Henry Grannett. 1894. 8°. 12G pp. Price 15

cents.
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LETTER OF TRANSMITTAL.

Washington, D. 0., June 1, 1894.

Sir: I have the honor of submitting herewith the tenth number of

the annual series Mineral Kesources of the United States. This volume

bears the title "Mineral Eesources of the United States, 1893.'' It

carries forward the statistical record to December 31, 1893, together

with much descriptive matter to a later date in 1894.

As your retirement from the office of Director has been announced,

it is fitting to acknowledge my hearty gratitude and that of my
associates for your steadfast suj^port in carrying out this work and

for your many acts of kindness and consideration, which no one can

ever forget who has profited by your leadership.

Very respectfully, your obedient servant,

David T. Day,
Geologist in Charge,

Hon. J. W. Powell,
I)irector, U. /S'. Geological Survey,

Washington, I). 0*
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INTRODUCTION.

Scope.—This is the tenth report of the series "Mineral Eesonrces of

the United States." It presents a statement of the mineral products

during the calendar year 1893, the industrial conditions affecting these

products and the recent additions to the knowledge of mineral deposits

in this country. Its scope is thus similar to the preceding volumes

with the addition of more than the usual references to the condition of

the mineral industries in foreign countries.

Arrangement.—For convenient reference the metallic industries are

grouped. These are followed by the mineral faels, the materials used
for structural purposes and pottery, abrasive materials, precious stones,

phosphates and other minerals contributary to the chemical industry,

mineral paints, and finally the commercial products of mineral springs.

AcJcnowledgments.—The statistics of production have been obtained

from the producers, except in isolated cases, where some other well

established agency already exists by which the statistics are collected

accurately. Thus, the statistics of the precious metals are collected and
reviewed by the Director of the Mint and the coal product of the State

of Illinois is collected by the Bureau of Labor. Similarly the statis-

tics of the iron and steel industries, collected by Mr. James M. Swank,
for the purposes of the American Iron and Steel Association, are here

accepted as authoritative. The report on anthracite coal is still pre-

pared under the supervision of Mr. John H. Jones, for many years

chief of the Bureau of Anthracite Coal Statistics, from the figures col-

lected by his successor, Mr. William W. Euley. In addition to this,

many contributions of groups of statistics have been due to the cour-

tesies of State officials and individuals.

The names of the statistical experts who, acting under the authority

of the United States, have collected statistics from the producers are

given at the heads of the special chapters.

The technical press, besides affording much information concern-

ing new mining enterprises, has been largely drawn upon for prices,

market reports, and new technical processes. *

The statistics of imports and exports are all obtained from the

Bureau of Statistics of the Treasury Department, frequently by special

compilation.

MO 93 II
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VIII INTRODUCTION.

Units.—The customary units in eacli trade are used. The following

table illustrates the great diversity thus occasioned, but the system is

the best for those most interested. The table may also be used for

conversion purposes.

Comparative tahle of units of measure used in this report.

Number of
potrnds

contained.

One short
ton (2,000
potmda)

contains

—

One long
ton (2,240
pounds)
contains

—

One metric
ton (2,205

pounds)
contains—

Barrels ^

Flasks.

Salt

•o 4. 1^ Ccrnde (a) 42gallo
Petroleum

^^^gj^g^^j^j 50 gall,

Linie
Natural cement
Artificial Portland cement
Coal (Louisiana) ,

ons..
on3.

I

Anthracite coal
Bituminous coal
Pennsylvania bituminous coal.

.

Coke
Salt

Ounces
\ I^^^o^irdupoir. !

.'

I ! ! 1 !

!

'.

!
'.

'.

!

". . ! ! !

!

Gallons (mineral water)
Carat (4 grains; :

280
280
327*
200
300
400
208
76*
70
80
76
40
56

8.339

7*

I*

10

6f
5
q 8

26f
28f
25

l^50

35f

239|

8
8

Hi
7A
5f

29A
32
28

i^*
40

7.875
7.875
6.733

11. 025
7.35
5.513

10. 601
28.824
31.5
27. 563
29. 013
55. 125
39. 375

264.42

(O) 45° B.
(jb) Sluminatiag oil 150° fire test, IS"* B.



MINERAL RESOURCES OF THE UNITED STATES.

SUMMARY.
The total value of tlie mineral products of tlie United States in 1893

was the smallest since 1889. It represented $609,821,670, compared
with $688,616,954 in 1892; a decline of 11.44 per cent. In 1892 there

was an increase of 30^ millions or 4.67 per cent, over 1891. The decline

in value was most couspicuous in pig iron and structural materials,

but most other minerals also declined in the amount and the value

of the product, the exceptions being gold, anthracite coal, aluminum,
phosphate rock, and gypsum. Bituminous coal showed a slight increase

in quantity but the normal increase was checked and the total value

was less than in 1892. Petroleum increased in value but decreased

in quantity. Salt, quicksilver, and several smaller products increased

in quantity b^it shared the usual decline in value. This general

decline was attributed to the financial depression and the consequent

decreased consumptive demands. It was only conspicuous during

the last half of the year, as considerable time is necessary for affect-

ing the mining industry, and as it is correspondingly slow in recover

ing, its effect will be equally pronounced in 1894.

METALS.

Iron and steel.—Pig iron declined from 9,157,000 long tons in 1892 to

7,124,502 tons in 1893. The total value declined over $46,000,000, or

from $131,161,039 in 1892 to $84,810,426 in 1893. The limestone used
for iron flux amounted to 3,958,055 long tons, worth $2,374,833.

The total product of iron ores fell to 11,587,629 long tons, worth
$19,265,973, an average value of $1.66 at the mines.'

In 1892 the product was 16,296,666 long tons, worth $33,204,896, or

$2.04 per ton at the mines.

Gold and silver.—The gold product increased from 1,596,375 Troy
ounces with a coining value of $33,000,000 in 1892 to 1,739,081 ounces
worth $35,950,000 in 1893. This product is the largest since 1886.

The increase was due chiefly to the new mines in Colorado. Silver

production was very active in the first part of 1893, due to the effort of

smelters to work up accumulated stocks. The heavy decline in the last

part of the year made the total less than in 1892 by 3,500,000 ounces,

as follows: 1892, 63,500,000 ounces, coining value $82,099,1505 1893,

60,000,000 ounces, coining value $77,575,757.
1



2 MINERAL RESOURCES.

Copper.—The industry took little notice of tlie depressed money

market and the decreased consumption. The product from American

ores aggregated 337,416,848 pounds, against 353,275,742 pounds in 1892.

In addition, 7,723,387 pounds were produced in 1893 from imported

pyrites. The necessary expenditures were also made for keeping up

future production.

Lead.—Product : 163,982 short tons, worth $ll,839,590j compared with

173,654 short tons in 1892, worth $13,892,320.

Zinc.—The rapidly increasing product of late years was checked and

a slight decline noted
;
product: 78,832 short tons, worth $6,306,560,

compared with 87,260 short tons, worth $8,027,920 ,in 1892.

Quicksilver.—The product showed a noteworthy increase from 27,993

flasks in 1892 to 30,164 flasks in 1893. The price fell, making the total

value $1,108,527 in 1893, compared with $1,245,689 for the smaller prod-

uct of 1892. The increased product came chiefly from the New Alma-

den, Mirabel, and ^tna mines.

Manganese.—The decline in quantity from 13,613 long tons in 1892 to

7,718 long tons in 1893 was offset by the following imports: 67,717

long tons in 1893 and 58,364 long tons in 1892. The product of man-

ganiferous iron, silver, and zinc ores shows change.

Aluminum.—The usual increase in product continued. In 1893,

339,629 pounds were made chiefly, by the Pittsburg Seduction Com-

pany; it was valued at $266,903 in the producer's handS. The largest

single use is for adding to steel before casting. It is also used for

improving iron castings, for ornamental fancy articles, and aluminum

cooking utensils, began to be generally introduced during the year.

The quality of aluminum bronze castings is improving.

The southern deposits of bauxite furnish more and more of the raw

material. The Arkansas bauxite deposit will probably be developed

in 1894 for making alum.

Tin.—More careful examinations of the Kings Mountain, North Caro-

lina, locality furnish indications of considerable ore which may yield

3 per cent. No work was done at the other deposits except running

the concentrator at Hill City, South Dakota, for about a month.

Eight thousand nine hundred and thirty-eight pounds of tin were

smelted and sold from part of the concentrates.

Nickel.—The United States product was from Lancaster Gap, Penn-

sylvania, and Missouri. It is estimated at 49,399 pounds, worth $22,197,

a marked decline from 1892, due to Canadian competition. The Nevada

and Oregon mines have not become producers, but prospecting and

development continues. TheNew Caledonia mines increased their prod-

uct and accumulated stock.

Antimony.—The value decreased from $56,466 to $45,000 in 1893.

The product came from Nevada, and was smelted in San Francisco.

Platinum.—The product from the gold placers is still insignificant.

The production in 1893 was 75 ounces.
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FUELS.

Coal—The product of all kinds of coal in 1893 was 162,814,977

long tons, or 182,352,774 short tons, valued at $208,438,696, against

160,115,242 long tons, or 179,329,071 short tons, valued at $207,566,381,

in 1892. The increase in 1893 was 2,699,735 long tons, or 3,023,703 short

tons, in quantity, but owing to a decline in the price of bituminous
coal, the result of overproduction during the latter part of the year,

the value increased but $872,315. The product in 1893 consisted of

48,185,306 long tons, or 53,967,543 short tons of anthracite coal from
Pennsylvania, an increase from 1892 of 1,334,856 long tons, or 1,495,039

short tons, and of 114,629,671 long tons, or 128,385,231 short tons of

bituminous (including scattering lots of anthracite from Colorado, IsTew

Mexico, and Virginia), an increase over 1892 of 1,364,879 long tons, or

1,528,664 short tons. The value of Pennsylvania anthracite increased

$3,245,078, the average price, in spite of the industrial depression,

advancing from $1.92 to $1.94 per ton. The value of bituminous coal

decreased $2,372,763, the average price declining from 99 cents per ton in

1892 to 96 cents in 1893. In stating the value of anthracite the mar-
ketable product only is included; that is, the amount of coal used at

the collieries, which is merely culm or slack which would otherwise be
wasted, while included in the product, is not included in the value.

This item of colliery consumption in 1893 was 4,016,709 long tons, or

4,498,714 short tons. The value of bituminous includes all grades .i)f

coal produced except what is thrown on the dump and neither sold nor
used.

Colce.—The total product of ex)ke in the United States in 1893 was
9,460,310 tons as compared with 12,010,829 tons in 1892. This great

reduction is due to the depression in the blast-furnace industry. Coke-
made pig iron in 1893 was 5,390,184 tons as compared with 6,822,266

tons in 1892, and pig iron made with anthracite and with mixed anthra-

cite and coke aggregated 1,347,529 tons in 1893 as compared with
1,797,113 tons in 1892. This would account for a reduction of about
2,000,000 tons of coke. The remainder of the decrease is due to the
falling off in demand at foundries and other works where coke is used.

Pennsylvania is still the chief coke-producing State, contributing 65.8

per cent, of the total, and Alabama is second, contributing 12.2 per
cent.

Petroleum.—The chief features of interest in 1893 were: (1) The
great decline in production of the older iields and the increase of the
newer. (2) The decline in stocks held at the wells. (3) The increase

in price. (4) The increase in exports. (5) The success in refining

limestone oils.

Pennsylvania declined from 27,149,034 barrels of 42 gallons in 1892
to 19,283,122 barrels in 1893. Lima, Ohio, fell off from 15,169,507 bar-

rels in 1892 to 13,646,804 barrels in 1893. On the other hand the pro-

duction of West Virginia increased from 3,810,086 barrels in 1892 to

8,445,412 barrels in 1893.
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Indiana increased from 698,068 barrels in 1892 to 2,335,293 barrels in

1893. The total product for all States declined from 50,509,136 barrels

in 1892 to 48,412,666 barrels in 1893. The year 1891 marked the high-

est output, it being 54,291,980 barrels. This was the year of the

remarkable j)roduct of the McDonald field in Pennsylvania.

The average value of certificate oil in the Pennsylvania fields was
64 cents a barrel compared with 55| cents in 1892; an increase of 8|

cents. The price for Lima oil advaneed from 36f cents in 1892 to 47^

cents in 1893, an increase of 10| cents.

The total exports of petroleum in the calendar year 1893, including

crude, refined, and residuum was 804,221,230 gallons, the largest ex-

port recorded, and an increase of nearly 60,000,000 gallons compared

with 1892. All forms of oil except lubricating oil shared in the increase.

Natural gas.—The consumption of natural gas is limited more and

more to domestic use. Only in Indiana has comsumption increased for

manufacturing purposes. Another feature of the situation is the in-

crease in price to consumers. The total value of the product in 1893

was $14,346,250; in 1892, 114,800,714.

STRUCTURAL MATERIALS.

Stone.—The value of the total product of stone of all kinds decreased

to $33,865,573 in 1893 from $48,706,625 in 1892. The depression was

very great in the last half of the year and continues in 1894. The

product of lime is an estimate, and is probably too high ; the figures

are merely kept as the best available.

Soapstone.—Soapstone in slabs, etc., aggregated 21,071 short tons in

1893, worth $255,067. Fibrous talc amounted to 35,861 short tons,

worth $403,436. Both industries show the usual decline.

Clays.—The returns from the division of manufactures in the Census

Office indicate that the value of brick clay in 1890 was $8,500,000,

and about $9,000,000 in 1893. The total value of the finished brick,

tile, and terra cotta aggregated $67,000,000. The production of potter's

clay of all qualities aggregated 400,000 tons, worth $900,000.

Cement.—Natural rock cement decreased slightly, i. e., to 7,411,815

barrels, worth $5,104,708; artificial Portland cement to 590,652 barrels,

worth $1,158,138.

Feldspar.—The product increased slightly, aggregating 18,391 long

tons, worth $68,037; the value shows the usual decrease.

. Flint.—Product in 1893, 29,671 long tons, worth $63,792.

Asplialtum.—The i)roduct came chiefly from California, with small

amounts from Utah and Kentucky. The total in 1893 includes the

ozocerite product of Utah, and amounted to 47,779 short tons, worth

$372,232. The product of asphaltum alone in 1892 was 87,930 short

tons, worth $445,375.
ABRASIVE MATERIALS.

Millstones.—The value decreased from $23,417 in 1892 to $16,645 in

1893; the product came from J^ew York, Pennsylvania, and Virginia,
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Orindstone8.—Ya,hiQ in 1892, $272,244; in 1893, $338,787, including

in the latter figure $19,159 worth of whetstones made from sandstone

chiefly in Ohio.

Corundum and emery,—The product remained nearly stationary, i. e.,

1,771 short tons, worth $181,300 in 1892, and 1,713 short tons, worth

$142,325 in 1893.

Novaculite.—The Arkansas, New Hampshire and other whetstones

and oilstones produced in 1893 from novaculite had a value of $135,173,

against $146,730 in 1892. This does not include the sandstone products

of Ohio.
MINERALS USED FOB CHEMICAL PURPOSES.

Phosphate rocJc.—Florida produced 438,804 long tons and South

Carolina 502,564 tons; total value, $4,136,070. The chief event of

importance was the cyclone of August 27, which wrecked the river

XDhosphate industry in South Carolina and raised the price for Florida

- rock.

Marls.—The local use of marls in E"ew Jersey, Virginia, and Alabama
continues to decrease, being displaced by commercial fertilizers.

Gypsum.—Stocks decreased in 1892, due to the manufacture of staff

for the World's Fair buildings. This caused the increased production

of 1892 to continue. The product in 1892 was 246,374 short tons, worth

$671,548; 1893 it was 253,615 short tons, worth $696,615.

^aZt—The product in 1892 was 11,698,890 barrels rof 280 pounds
each); this increased slightly in 1893 to 11,816,772 barrels. The total

value shows a decrease from $5,654,915 in 1892 to $4,054,668. This

decrease is largely apparent only, since the cost of ijackage is omitted

in the latter year.

Bromine.—The market price in London advanced quite significantly,

due to better understanding between the producers, so that 348,399

pounds, the product of 1893, showed a total value of $104,520, against

only $64,502 for 379,480 pounds in 1892.

Iodine.—Search is being made for large quantities of salt brines con-

taining even traces of iodine, with a view to a new process for extract-

ing it.

Sulphur.—The product is still light and limited to the western mines.

Quantity in 1893 : 1,200 short tons, worth $42,000 at Salt Lake City.

The product in 1892 was 2,688 tons.

Pyrites.—The product declined from 114,717 long tons in 1892, worth
$305,191, to 83,277 long tons, worth $275,302, in 1893. The imports

increased. New sources of supply are being developed in North Caro-

lina.

Borax.—The product declined to 8,699,000 pounds, worth $652,425.

Fluorspar.—Price showed a slight decline with, a small increase in

quantity to 12,400 short tons, worth $84,000.
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Chromic iron ore.—The product was 1,450 long tons, all from Glenn

County, California. It was worth $21,750 in San Francisco. The con-

sumption is chiefly supplied by imports from Asia Minor.

miNEEAL PIGMENTS.

Barytes.—Product 28,970 short tons, worth |88,506, a decrease from

32,108 tons in 1892. There is some promise of an increase again in 1891.

Metallic paint.—The product of metallic paint decreased from 30,211

short tons, valued at $452,966, in 1892, to 19,950 short tons, worth

$297,189, in 1893.

Ocher, itmher, etc.—The product of ocher decreased to 10,517 short

tons, worth $129,393. Of umber the product was about the same as in

1892, though the value increased slightly. Sienna decreased from 500

tons to 150 tons. The amount of soapstone ground for paint was 100

tons. Of mineral black the product was 70 tons.

Venetian reds.—The product declined from 4,900 short tons, worth

$106,800, to 3,214 tons, worth $64,400.

Cobalt oxide.—Including the exports contained in speiss, the total

product was 8,422 pounds, worth in the condition in which it was first

sold $10,346. The price for pure cobalt oxide ready for pottery or paint

use was worth $200 per jjound.

Zinc white.—The product declined slightly, as follows: 24,059 short

tons in 1893 against 27,500 tons in 1892. Prices remained steady.

Graphite.—The iDroduct, 843,103 pounds, includes the crude material

mined for crucibles and all other purx30ses as well as that for pencils.

It is valued at $63,232 in the state in which it was first mined.

MISCELLANEOUS.

Precious stones.—The value of rough gems found in the United States

decreased from $312,050 in 1892 to $264,041 in 1893. The principal

items of interest was the discovery of a diamond weighing 3^| carats

in Wisconsin, and the large sale of American turquoise.

Mica.—The industry is still crippled by irregular mining methods

The product was 66,971 pounds in 1893, worth $88,929.

Asbestos.—Deposits of chrysotile somewhat similar to the Canadian
have been found near Casper, Wyoming, but need development. The
domestic product from California was insignificant, i. e., 50 tons, worth

$2,500.

Infusorial earth.—The product decreased. Forty-three thousand six

hundred and fifty-five dollars was the value of the product in 1892,

which fell to $22,582 in 18'93.

Magnesite.—The dei>osits in California yielded 704 short tons in 1893,

part of which was calcined and part sold crude. The price in San
Francisco was $10 per ton.

Mineral waters.—The statistics are limited to the actual amount sold;

these show a gain from 21,870,604 gallons in 1892 to 23,544,495 gallons
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in 1893, but, as usual, values declined, thus: 1892, $4,905,970 j 1893,

$4,246,734.

Metallic products of the United States in 1893.

Products.

Pig iron loug tons.

Silver troy oimces

.

Gold do...

Copper pounds

.

Lead short tons

.

Zinc do...

Quicksilver flasks.

Aluminum pounds

.

Antimony short tons

.

Nickel pounds.
Tin do...

Platinum troy ounces

.

'Total value of metallic products.

Quantity.

7,

60
1

337

124, 502
000, 000
739,081
41G. 848
1G3, 982
78, 832
30, 164

339, 629
250

49, 399
8,938

75

Value.

810, 426
575, 757
950, 000
054, 601

839, 590

306, 5U0

108, 527
266, 903
45, 000
22, 197
1,788

517

249, 981, 866

Non-metallic mineral products of the United States in 1893.

Products.

Bituminous coal long tons .

.

Pennsylvania anthracite do
Lime barrels .

.

Building stone
Petroleum barrels -

.

Natural gas
Clay (all except potter's clay)
Cement barrels .

.

Mineral waters gallons sold.

.

Phosphate rock long tons.

.

Salt barrels..

Limestone for ironfl.ux Ions: tons..

Zinc white short tons .

.

Potter's clay long tons .

.

Gypsum '. short tons .

.

Borax pounds .

.

Mineral paints ; short tons.

.

Mbrous talc do. .

.

Asphaltum. do. .

.

Soapstone .do. .

.

Precious stones
Pyrites long tons.
Corundum short tons

.

Novaculite pounds

.

Mica do. .

.

Barytes '....short tons.
Broiuine pounds

.

Fluorspar short tons

.

Feldspar long tons

.

Manganese ore do. .

.

Flint do...
Graphite pounds

.

Sulphur short tons

.

Marls do. .

.

Infusorial eaxth do. .

.

Millstones
Chromic iron ore long tons

.

Cobalt oxide pounds

.

Magnesite short tons

.

Asbestos do. .

.

Total value of non-metallic mineral products
Total value of metallic products
Estimated value of mineral products un-
specified a

Grand total.

Quantity.

114, 629, 671

48, 185, 306

58, 000, 000

48, 412, 666

8, 002, 467
23, 544, 495

941, 368
11, 816, 772
3, 958, 055

24, 059
400, 000
253. 615

8, 699, 000
37, 714
35, 861

47, 779
21, 071

83, 277
1,713

66, 971

28, 970
348, 399
12, 400
1?,391
7,718

29, 671

843, 103

1,200
75, 000

1,450
8,422

704
50

Value.

$122, 751, 618
85, 687, 078
35, 960, 000
33, 865, 573
28, 932, 326
14, 346, 250
9, 000, 000
6, 262, 841
4, 246, 734
4, 136, 070
4, 054, 668
2, 374, 833
1, 804, 420

900, 000
696, 615
652, 425
530, 284
403, 436
372, 232
255, 067
264, 041
275, 302
142, 325
135, 173
88, 929
88, 506

104, 520
84, 000
68, 037
66, 614
63, 792
63, 232
42, 000
40, 000
22, 582
16, 645
21,750
10, 346
7,040
2,500

358, 839, 804
249,981,866

1, 000, 000

609, 82 .670

a Including building sand, glass sand, limestone used as flux in lead smelting, limestone in glass-
making, iron ore used as flux in lead smelting, tin ore, iridosmine, nitrate of soda, carbonate of soda,
sulphate of soda, baiixite and alum clays used by paper mauufaotureia.
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Mineral products of the United States

Products.

1880.

Quantity. Value,

1881.

Quantity. Value,

14
15
16
17
18
19 ]

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Pig iron, value at Philadelphia long tons.

.

Silver, coining value troy ounces..
Gold, coining value do

—

Copper, value at New York City pounds.

.

Lead, value at New York City short tons .

.

Zinc, value at JsTew York City do

—

Quicksilver, value at San Francisco . . .flasks .

.

ISTickel, value at Philadelphia pounds .

.

Aluminum, value at Pittsburg do. .

.

Tin do...
Antimony, value at San Francisco. short tons.
Platinum, value (crude) at San Francisco,

troy ounces.

Total value of metallic products

NON-METALLIC (spot values ).

Bituminous coal long tons -

Pennsylvania anthracite do...
Building stone
Petroleum barrels

.

Lime do. ..

Natural gas
Clay (all except potter's clays)
Cement barrels.
Salt do...
Phosphate rock long tons.
Limestone for iron flux .\ . . .do. .

.

Mineral "waters gallons sold.

Zinc white short tons.
Potters' clay long tons.
Mineral paints short tons*
Borax pounds

.

Gypsum short ton s

.

Grindstones
Fibrous talc short tons.
Pyrites long tons

.

Soapstone short tons.
Manganese ore long tons

.

Asphaltum short tons.
Precious stones
Bromine pounds

.

Corundum short tons.
Barytes (crude) do. .

.

Graphite pounds

.

Millstones
NovacuUte pounds

.

Marls short tons.
Flint Iong ton s

.

Fluorspar short tons.
Chromic iron ore long tons.
Infusorial earth short tons

.

Feldspar long tons.
Mica pounds

.

Ozocerite, refined do...
Cobalt oxide do...
Slate ground as a pigment short tons

.

Sulphur do. .

.

Asbestos do...
Kutile pounds.
Lithographic stone short tons

.

Total value of non-metallic mineral pro-
ducts.

Total value of metallic products
Estimated value of mineral products un-

specified, (a)

3, 375, 912
30, 320, 000

1, 741, 500

60, 480, 000

97, 825

23, 239

59, 926

329, 968

$89, 315, 569
39, 200, 000
36, 000, 000

11,491,200
9, 782, 500

2, 277, 432

1, 797, 780
164, 984

4, 144, 254
33, 077, 000
1, 676, 300

71,680,000
117, 085
26, 800
60, 851

265, 668

$87, 029, 334
43, 000, 000
34, 700, 000
12, 175, 600
11,240,160
2, 680, 000
1, 764, 679

292. 235

50

100

10, 000

400

60

100

10, 000

400

190, 039, 805 192, 892, 408

38, 242, 041

25, 580, 189

26, 286. 123
28, 000, 000

53, 443. 718
42, 196, 678
18,356,055
24, 183, 233
19, 000, 000

48, 179, 475
28, 500, 016

27, 661, 238
30, 000, 000

60, 224, 344
64, 125, 036
20, 000, 000
25, 448, 339
20, 000, 000

2, 072, 943
5,961,060

211, 377
4, 500, 000
2, OOU, 000

10, 107
25, 783
4,036

3,692,443
90, 000

4,210
2,000
8,441
5,761
444

404, 690
1,044

20, 000

420, 000

1, 000, 000
20, 000

4,000
2,288
1,833

12, 500

81, 669

1, 852, 707
4, 829, 566
1, 123, 823
3, 800, 000

500, 000
763, 738
200, 457
135, 840
277, 233
400, 000
500, 000
54, 730
5,000

66, 665
86, 415
4,440

100, 000
114, 752
29, 280
80, 000
49, 800

200, OOO
8,000

500, 000
80, 000

16, 000

27, 808
45,660
60, 000

127, 825

2, 500, 000
6. 200, 000

266, 734
6, 000, 000

3, 700, 000
10, 000
25, 000
6,720

4, 046, 000
85, 000

5,000
10, 000
7,000
4,895
2,000

300, 000
500

20, 000
400, 000

500, 000
1,000,000

25, 000
4,000
2,000
1,000

14, 000
100, 000

7,251
1,000

600
150
100

24, 000
10, OOO
21, 000
4,312
400

8, 280
1,000

600
200
200
50

173, 270, 135

190, 039, 865
6, 000, 000

Grand total. 369, 319, 000

2, 000, 000
4, 200, 000
1, 980, 259
4, 100, 000

700; 000

700, 000
200, 000
100, 000
304, 461
350, 000
500, 000
60, 000
60, 000
75, 000

73, 425
8,000

110, 000
75, 000
80, 000
80, 000
30, 000

150, 000
8,580

500, 000
100, 000
16, 000

30, 000
10, 000
70, 000

250, 000

25, 000
10, 000
21, 000
7,000
700

1,000

206, 783, 144

192, 892, 408
6, 500, 000

406, 175, 552

a Including clays, except potter's clay, prior to 1881.



SUMMARY.

for the calendar years 18S0 to 1893.

1882.
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Mineral products of the United States for the

Products.

1886.

Quantity. Value

1887.

Quantity. Value.

METALLIC.

Pig iron, value at Philadelphia long tons

.

Silver, coining value troy ounces

.

Grold, coining value do. .

.

Copper, value at New York City pounds.
Lead, value at New York City short tons.
Zinc, value at New York City do. ..

Quicksilver, value at San Francisco . . -flask.s.

Nickel, value at Philadelphia pounds

.

Aluminum, value at Pittsburg do. .

.

Tin do...
Antimony, value at San Francisco, .short tons.
Platinum, value (crude) at San Francisco,

troy ounces

.

Total value of metallic products

NON-METALLIC (spot values).

Bituminous coal long tons..
Pennsylvania anthracite do
Building stone
Petroleum barrels .

.

Lime do
Natural gas
Clay (all except potter's clay)
Cement barrels .

.

Salt do....
Phosphate rock long tons .

.

Limestone for iron flux do
Mineral waters gallons sold..
Zinc white short tons..
Potters' clay long tons .

.

Mineral paints short tons..
Borax pounds .

.

Gypsum short tons .

.

(jrindstones
Fibrous talc^. short tons..
Pyrites ! long tons..
Soapstone short tons .

.

Manganese ore long tons..
Asphaltum short tons -

.

Precious stones
Bromine pounds .

.

Corundum short tons..
Barytas, crude do
Graphite pounds .

.

Millstones
Novaoulite pounds .

.

Marls short tons..
Flint long tons .

.

Fluorspar short tons..
Chromic iron ore long tons .

.

Infusorial earth short tons..
Feldspar long tons..
Mica pounds .

.

Ozocerite, refined do
Cobalt oxide do
Sulphur short tons .

.

Asbestos do
Rutile pounds..
Magnesite short tons..

Total value of non-metallic mineral prod-
ucts.

Total value of metallic products
Estimated value of mineral products
unspecified.

Grand total ,

5, 683, 329

39, 445. 312

1, 881, 250
161, 235, 381

130, 629
42, 641

29, 981

214, 902
3,000

$95,195,760
51, 000, 000
35. 000, 000
16, 527, 651
12, 200. 749
3, 752, 408
1, 060, 000

127, 157
27, 000

C, 417, 148
41, 269, 240
1,596,500

185, 227, 331
145, 700
50, 340
33, 825

205, 566

18, 000

$121, 925, 800
53, 350, 000
33, 000, 000

21, 115, 916
13, 113, 000

4, 782, 300
1, 429, 000

133, 200
59, 000

7,000

100

75

448

214, 897, 825

65, 810, 676
34, 853, 077

28, 064, 841
42, 500, 000

4, 500, 000

7, 707, 081
430, 549

4, 717, 163

8, 950, 317

18, 000
40, 000
21, 056

9, 778, 290
95, 250

12, 000
55. 000
12, 000
30, 193
3,500

428, 334
645

10, 000
415, 525

1, 160, 000
800, 000
30, 000
5,000
2, 000
1,200

14, 900
40, 000

78, 481
76, 119
19, 000,

19, 996
21,250
10, 012
6,200
3, 990

4, 736

1, 872,

2, 830,

1, 284
1,440,

325
315
488
428
250
125
220
225
277,

14
119
141
116
50,

33
140
15

400.

120,

2:

30
6

74,

70,

35, 000
2,500

200
600

78, 470, 857
37, 578, 747

28, 278, 866
46, 750, 000

6, 692, 744
7,831,962

480, 558

5, 37-', 000

8, 259, 609
18,000
43. 000

24, 640

11, 000, 000
95, 000

15, 000
52, 000
12, 000
34, 524
4,000

199, 087
600

15, 000
416, 000

1, 200, 000
600, 000
32, 000

5, 000

3,000
3,000

10, 200
70, 000

18, 340
3,000

150
1,000

251, 338, 769

214, 897, 825
800, 000

407, 036, 594

15,000

1,838

248, 925, 054

98, 004, 656
84, 552, 181
25, 000, 000
18, 877, 094
23,375,000
15, 817, 500
7, 000, 000
5, 674, 377
4, 093, 846
1, 836, 818
3, 226, 200
1, 261, 463
1, 440, 000

1, 340, 000
330, 000
550, 000
425, 000
224, 400
160, 000
210, 000
225, 000
333, 844
16, 000

163, 600
61, 717

108, 000
75, 000
34, 000

100, 000
16, 000

300, 000
185, 000
20, 000
40, 000
15, 000
56, 100

142, 250

18, 774
100, 000
4,500
3,000

294, 416, 320

248, 925, 054
800, 000

544, 141, 374
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Mineral products of the United States for the calendar years ISSO to 1S9S—Continued

Products.

METALLIC.

Pig iron ...long tons.
Silver troy ounces

.

Golf] do...
Copper pounds.
Lead short tons

.

Zinc do...
Quicksilver flasks.
Aluminum pounds.
Antimony short tons

.

Nickel pounds

-

Tin do...
Platinum troy ounces

.

Total value of metallic products

Quantity.

NON-METALLIC.

Bitnminous coal long tons.
Pennsylvania anthracite do . .

.

Lime barrels.
Building stone
Petroleum barrels

.

Natural gas ,

Clay (all, except potters' clay)
Cement barrels

.

Mineral waters gallons: sold.
Phosphate rock long tons..
Salt barrels .

.

Limestone for iron flux long tons .

,

Zinc, white short tons.,
Potters' clay long tons..
Gypsum short tons..
Borax pounds .

.

Miueral paints short tons .

,

Grindstones
Fibrous talc short tons .

,

Asphaltum do
Soapstone do
Precious .stones

Pyrites long tons .

.

Corundum short tons..
Novaculite pounds .

.

Mica • do
Barytes long tons .

.

Bromine pounds .

.

Fluorspar short tons..
Feldspar long tons..
Manganese ore do
Flint do....
Graphite pounds .

.

Sulphur short tons .

.

Marls 1 do
liifusorial earth do
Millstones
Chromic iron ore .long tons..
Cobiilt oxide pounds .

.

Magnesite short tons.

.

Asbestos do
Eutile pounds .

.

Ozocerite, refined do

Total value of non -metallic mineral
products

Total value of metallic products
Estimated value of mineral products
unspecified

Grand total.

9,157,000
63, 500, 000
1, 596, 375

353, 275, 742
173, 654
87, 260
27, 903

259, 885

Value.

92, 252
162, 000

80

113, 264, 792
46, 850, 450
65, 000, 000

50, 509, 136

8, 758, 621
21, 876, 604

681,571
11. 698, 890

5, 172, 114
27, 500

420, 000
246, 374

13, 500, 000
51, 704

41, 925
87, 930
23, 908

114, 717
1,771

75, 000
32, 108

379, 480
12, 250
15,000
13, 613

20, 000

2,688
125, 000

1,500
7,869
1,004

104
100

60, 000

$131, 161. 039
82, 099, 150
33, 000, 000
37, 977, 142
13, 892, 320
8, 027, 920
1, 245, 689

172, 824
56,466
50, 739
32, 40u

550

307, 716, 239

125, 124, 381
82, 442, 000
40, 000, 000
48, 706, 625
26, 034, 196
14,800,714
9, 000, 000
7, 152, 750
4, 905, 970
3, 296, 227
5, 654, 915
3, 620, 480

2, 200, 000
1, 000, OOO

671, 548
900, 000
767,766
272, 244
472, 485
445, 375
437, 449
312, 050
305, 191
181. 300
146, 730
100,000
130, 025

64, 502
89, 000
75, 000

129, 586
80, 000

104, 000
80, 640

. 65,000
43, 655
23,417
25, 000

15, 738
10, 040

6,416
300

8,000

379,900,715
307, 716, 239

1, 000, 000

Quantity.

7, 124, 5(1-

60, 000, 000
1, 739, 081

337, 416, 848
163, 982
78, 832
30, 164

339, 629
250

49, 399

8,938
75

114, 629, 671
48, 185, 306
58, 000, 000

48, 412, 666

8, 002, 467
23, 544, 495

941, 368
11,816,772
3, 958, 055

24, 059
400, 000
253, 615

8, 699. 000
37, 714

35, 861
47, 779

21, 071

83, 277
1,713

66, 971

28, 970
348, 399
12, 400
18, 391
7,718

29, 671
843, 103

1,200
75, 000

1,450
8,422

704
50

Q>)

688, 616, 954

Included in sandstone product. b Inclnded in asphaltum.



IRON AND STEEL.

PROGEESS OF THE lEOIT AND STEEL INDUSTRIES OF THE UNITED STATES IN 1892

AND 1893.

Bt James M. Swank,

General Manager of the American Iron and Steel Association. •

In preceding papers contributed to "Mineral Eesources" we have

dealt with varying phases of the development of our iron and steel

industries, prominence being always given to the statistics of produc-

tion from year to year. In 1887 the maximum of our production of

steel rails was attained, and in 1890 our production of pig iron reached

the highest mark.

In 1891 and 1892 our iron and steel industries were very actively

employed, although prices slowly but steadily declined. In the latter

year we made almost as much pig iron as in 1890. But in 1893 all the

industries of the country were subjected to a great strain, owing to the

financial panic of that year, and our iron and steel industries were con-

spicuously and most injuriously affected by the prevailing depression.

In the production of iron ore, pig iron, steel in various forms, rolled

iron and steel, and the more finished forms of iron and steel there

were over one hundred financial failures during the year. Scarcely a

week passed when the announcement was not made of the passage into

the hands of receivers or assignees of one or more enterprises of the

character above indicated. While the record of failures in the iron

trade thus far in 1894 is much smaller than in any period of equal

length in 1893, the interruption to the prosperity of our iron and steel

industries, which began early in 1893, still continues. Production in

1893, and up to the present time in 1894, has been greatly below the

average of immediately preceding years, while prices have been much
lower in the early months of the present year than at any time in

1893, low as they then were. Prices of all kinds of iron and steel

have never been so low in this country as during the last twelve months.

There are some indications, however, that the general list of prices

will rise in 1894 as the result of the scarcity of some products, caused

by the inability of many manufacturers to continue production at the

prices ^vhich have been prevailing, and also by the refusal of coal

miners and coke workers to work at current wages, thus largely cutting

off the suj)ply of both coal and coke, and compelling many furnaces,

13



14 MINERAL RESOURCES.

steel works, and rolling mills to suspend operations. The prices of

Bessemer pig iron and billets have materially advanced during the

present month of May.
Iron and steel worls in the United States in 1894.—The depression in

the iron trade of this country in 1893 and thus far in ISOJ: was pre-

ceded by great activity in 1892 in the enlargement of old plants

and in the erection of new plants, the most noticeable activity being in

the erection of tin-plate works and in the extension of our facilities for

the rolling of fine sheets for tinning and terne plating. This particu-

lar activity had commenced in 1891, after the passage of the tariff of

1890, and it was continued in 1893 notwithstanding the depression,

but in the year last mentioned very little progress was made in the

building of any other iron or steel works.

The American Iron and Steel Association has just published a new
edition of its '' Directory to the Iron and Steel Works of the United

States," the information contained in its pages being brought down to

the early months of 1894. A summary of the facts presented in this

volume in comparison with a similar summary made in January, 1892,

shows the following results:

The condition of the iron and steel icorTcs in 1894 compared with 1892.

KtunTjer of completed Wast furnaces
Number of blast furnaces building
Annual capacity of completed blast furnaces long tons .

.

Aimual capacity of the bituminous furnaces do
Annual capacity of the anthracite furnaces do
Annual capacity of the charcoal furnaces do
Number of completed rolling mills and steel works
Number of roUing mills and steel works building and rebuilding
Number of puddling furnaces
Number of heating furnaces
Number of trains of roUs
Annual capacity of completed rolling mills long tons..
Number of rolling mills having cut-nail factories
Number of cut-nail machines
Number of wire-nail works
Number of completed standard Bessemer-steel works
Number of Bessemer-steel works building
Number of standard Bessemer converters
Annual capacity (built and building) in ingots and direct cast-

ings long tons ..

Number of completed Clapp-G-riffiths steel works
Number of Clapp-Gritfiths converters
Annual capacity in ingots long tons. .

Number of completed Robert-Bessemer steel works
Number of Robert-Bessemer converters
Number of completed open-hearth steel works
Number of open-hearth steel works building
Number of open-hearth furnaces
Annual capacity (built and building) in ingots and direct cast-

ings long tons .

.

Number of completed crucible steel works
Number of crucible steel works building
Number of steel-melting pots which can be used at each heat
Annual capacity in ingots and direct castings longtons..
Number of completed tin-plate works
Number of tin-plate works building
Number of forges making wrought iron from ore
Annual capacity in blooms and billets long tons.

.

Number of pi^ and scrap iron bloomaries
Annual capacity in blooms long tons..

January, January,
1894. 1892.

519

16, 271, 027
11, 679, 700
3, 305, 887

1, 285, 440
487

9

4,715
3,054
1,690

12, 477, 890
55

5,094
54

' 43
1

95

7, 740, 900
4

7

146, 500
4
6
8i
1

189

1, 740, 000
48
1

3,103
99, 000

56
2

11

17, 870
14

30,025

569
11

14, 550, 708
10, 097, 946

3, 198, 387
1, 254, 375

460
18

5,120
2,913
1,592

10, 563, 655
65

5,546
49
46
2

95

5, 857, 143
5
9

151, 786
4
6

71
4

164

1, 383, 929
45
1

2,934
93, 750

20
10
10

18, 929
20

32, 143



IRON AND STEEL. 15

In the following table is presented a detailed statement by States of

the number of blast fnrnaces, rolling mills, steel works, cut-nail ma-
chines, wire-nail works, tin-plate works, and forges and bloomaries in

the United States in January, 1894.

List of iron and steel works in the United States, January, 1894.

States.
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of the directory in February, 1892, there have been built 16 new fur-

naces, and in the ])resent edition we have transferred to the abandoned

list 66 furnaces which were classed in 1892 among- the furnaces that

were then active or likely to be active at some future time.

Of the 66 furnaces now transferred to the abandoned list 20 are in

Pennsylvania, 11 in ISTew York, 7 in Ohio, 6 in Virginia, 4 in Tennes-

see, 3 each in Michigan and Missouri, 2 each in Connecticut, Mary-

land, and Alabama, and 1 each in Maine, ISTew Jersey, Kentucky, Geor-

gia, Illinois, and Wisconsin, Of the 16 new furnaces built since Jan-

uary, 1892, 7 are in Tennessee, 5 in Virginia, and 1 each in New York,

North Carolina, Alabama, and Wisconsin. It is a curious fact that

since January, 1892, 20 furnaces have been abandoned in Pennsyl-

vania and not one furnace has been built in that State. Of the 7

furnaces upon which work has been suspended 2 are in Alabama, 2

in Wisconsin, and 1 each in Pennsylvania, Virginia, and Tennessee.

Of the 519 furnaces described in the present directory 118 use char-

coal as fuel and the remainder use anthracite and bituminous coal

and coke. In the directory for 1892 the number of charcoal furnaces

described was 138, or just 20 more than in 1894. The number of

anthracite and bituminous furnaces described in 1892 was 431, and in

1894 the number is 401, or 30 less than in 1892. It will be seen that

the number of charcoal furnaces has decreased in two years propor-

tionately much more than the number of furnaces using mineral fuel.

The average annual capacity of the 569 completed furnaces which

were described in the directory for 1892 was 25,572 long tons, and the

average annual capacity of the 519 furnaces which are described in

the present edition is 31,351 long tons. •

The aggregate annual capacity of the 519 completed furnaces which

are now described is 1,720,319 tons more than the capacity of the 569

completed furnaces which were described in January, 1892. The total

annual capacity of the 118 charcoal furnaces which are described in

the iwesent directory is 1,285,440 long tons, and the total annual capac-

ity of the 138 charcoal furnaces which were described in 1892 was

1,254,375 long tons. It will be noted that, while the aggregate furnace

capacity of the country increased 1,720,319 tons from 1892 to 1894, that

of the charcoal furnaces alone increased only 31,065 tons.

The average annual capacity of the charcoal furnaces described in

1892 was 9,090 long tons, and the average annual capacity of the char-

coal furnaces described in 1894 is 10,894 long tons. The average

annual capacity of all the furnaces using mijieral fuel in 1892 was 30,850

long tons, and the average annual capacity of all the mineral fuel fur-

naces in 1894 is 37,371 long tons.

Boiling mills and steel works.—In the present edition of the direc-

tory we enumerate and describe 487 completed rolling mills and steel

works in the United States, of which 446 contain trains of rolls and 41

have no rolls. In the edition of two years ago we described 460 com*
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pleted rolling mills and steel works. Id the interyening time 57 new
rolliug mills and steel works have been built, 1 has been revived, and

31 have been abandoned, the net increase in the period mentioned being

27. In Jannary, 1894, there were 8 rolling mills and steel plants in

course of erection and 1 rebuilding, against a total of 18 works which

were in course of erection at the beginning of 18'92.

Puddling furnaces.—The number of puddling furnaces attached to

rolling mills in January, 1894, each double furnace being regarded as

the equivalent of two single furnaces, was 4,715, against 5,120 in Jan-

uary, 1892, a decrease of 405 furnaces, or about 8 per cent. This is

the first edition of the directory in late years that has noted a decrease

in the number of puddling furnaces, each previous edition having noted

an increase.

Bessemer steel works.—Since the appearance of our last directory we
have built 4 new standard Bessemer steel plants—one at Garwood,

New Jersey, to make steel car wheels, but which has recently been

abandoned; one at Shenango, Pennsylvania, to make steel billets; one

at McKeesport, Pennsylvania, to make steel slabs and billets ; and one

at Indianapolis, Indiana, to make steel bars and miscellaneous shapes.

In the same time 7 standard Bessemer steel plants have been burned or

abandoned—2 in Massachusetts, 1 in New Jersey, 1 in Tennessee, 2 in

Illinois, and 1 in Missouri, and in the same period 1 Clapp-Grifflths steel

plant has been abandoned. We now have 43 standard Bessemer plants,

with 95 converters, against 46 in 1892, with 95 converters. One new
standard Bessemer i)lant is being erected at Touugstown, Ohio, to con-

tain two 10-long-ton converters, for the production of rails, structural

shapes, etc. The construction of one 4-long-ton converter for the pro-

duction of castings was commenced at Sharon, Penusylvania, in 1891,

but work upon it has been suspended. In addition to the Bessemer
plants above mentioned we now have 4 Glapp-Griffiths and 4 Eobert-

Bessemer steel plants, the former with 7 converters and the latter with 6

converters. No new Olapp-Griffiths or Eobert-Bessemer i)lants have
been built since 1889.

The annual converting capacity of all the standard Bessemer steel

plants in 1894, built and building, is 7,740,900 long tons of ingots and
direct castings, against 5,857,143 tons in January, 1892. These figures

exhibit a remarkable increase in converting capacity in two years.

While the demand for steel rails of standard sections for steam rail-

roads has greatly fallen off in recent years, the demand for Bessemer
steel for girder rails for street railways, structural shapes, axles, springs,

wire rods, and many other miscellaneous uses has greatly increased.

The production of Bessemer billets, slabs, and blooms to supply these

uses has greatly interfered with the demand for puddled iron.

Open-hearth steel.—Since the appearance of the directory for 1892 we
have built 15 new open-hearth steel plants, while 5 have been burned
or abandoned, showing a net increase of 10 plants. We now have 81

MIN93 2
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completed open-hearth steel plants, and in addition 1 new plant is in

course of erection at Chicago by the Illinois Steel Company.
The annual capacity in ingots and direct castings of the open-hearth

steel plants in 1894, built and building, is 1,740,000 long tons, against

1,383,929 tons in January, 1892. These figures show a very healthy

growth in two years. There has been in the last few years an increased

demand in this country for open-hearth steel for boiler plates and ship

plates, armor jilates, gun forgiugs for the Army and Navy, heavy and

light castings, locomotive tires, tools, structural shapes, machinery

generally, and many other purposes. Like Bessemer steel, open-hearth

steel has become a formidable competitor of puddled iron. But the

open hearth is also a formidable competitor of iron foundries. In 1892

there were 18 open-hearth plants which made direct castings, and in

1894 there are 28 plants which are i^repared to make these castings.

Basic steel.—The manufacture of basic steel in this country is virtu-

ally confined to 4 works in Pennsylvania, 3 using the open hearth and

1 using the Bessemer process. Outside of Pennsylvania basic steel has

been made only experimentally or on a very small scale. The industry

has made no progress in the South.

Crucii)le steel works.—Three more crucible plants are enumerated in

the present edition than in the edition oftwo years ago, 4 plants having

been abandoned in the meantime. and 7 having been built. We now
have 48 completed crucible steel plants and 1 in course of erection,

against 45 completed and 1 building two years ago.

Cut-nail machines.—In January, 1892, there were 65 rolling mills

which were devoted in whole or in part to the' manufacture of cut nails

and spikes, and which contained 5,546 nail machines. In January,

1894, the number of rolling mills which manufactured cut nails and

spikes was 55, with 5,094 nail machines. These figures show a decrease

of 452 cut-nail machines in two years. The directory for 1892 showed

a decrease of 520 cut-nail machines from 1889 to 1892.

Wire rods and wire.—There are now in this country 23 works which

roll iron or steel wire rods, and we have 64 completed iron or steel wire

drawing plants and 1 additional plant in course of erection.

Wire-nail loorTis.—In the directory for 1892 we enumerated 49 com-

pleted wire-nail works and 2 additional works in course of erection.

In the present edition we enumerate 54 completed wire-nail works and

1 partly erected works, located in 17 States. Their average capacity

is much greater than that of the works described two years ago.

Tin-plate -worJcs.—In the directory for 1892 we enumerated and
described 20 works which were either making or were prepared to

make tin plates or terne plates, and 10 additional tin-plate works which

were in course of erection. In the present edition we describe 50 com-

pleted, 2 building, and 1 jiartly erected tin-plate works. I^early all of

these works have been built since the passage of the McKinley tariff

act in 1890.
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Forges and hloomaries.—Under this classification we enumerate only

the works whicli make wrought iron direct from the ore and works
which make blooms from pig iron or scrap iron for sale. Works which
make blooms in connection with rolling mills and for use exclusively

in these rolling mills are not separately classified, as they are auxiliary

and not independent enterprises. In the directory for 1892 we enumer-
ated 30 forges and bloomaries, and we now enumerate 25.

Natural gas.—Natural gas is still used in a large number of our roll-

ing mills and steel works. In the present directory we enumerate 79

works which use this fuel in whole or in part—42 in Allegheny county,

Pennsylvania, 15 in other counties of western Pennsylvania, 5 in Ohio,

and 17 in Indiana. One works now being rebuilt in West Virginia and
2 works in course of erection in Indiana will also use natural gas. In

the directory for 1892 there were enumerated 74 works whicli used
natural gas, but their consumption of this fuel was much larger than

that of the 79 works which now use it. It is only in Indiana that the

consumption of natural gas has increased during the last two years.

In January, 1892, only 6 works in that State used natural gas.

Production of pig iron in 1893.—The total production of pig iron in

the United States in 1893 was 7,124,502 long tons, against 9,157,000

tons in 1892, 8,279,870 tons in 1891, and 9,202,703 tons in 1890. The
production in 1893 was 2,032,498 tons, or over 22 per cent., less than in

1892. This great decline in production may be fairly said to have
occurred wholly in the second half of 1893, as the production of the

first half was larger than that of the second half of 1892, and almost
as large as that of the first half of 1892. In the following table we
give the production of pig iron by half years during the last four

years:

Production of pig iron by half years from 1890 to 1893.

Periods.
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Production of pig iron hy States for the last three years.

States.

Massachnsetts.
Connecticut...
New York
New Jersey . .

.

Pennsylvania

.

Maryland
Virginia
North Carolina
Georgia
Alabama
Texas
"West Virginia
Kentucky
Tennessee ....

Ohio
Indiana
Illinois
Michigan
Wisconsin ....

Missouri
Minnesota
Colorado
Oregon

Total . .

.

Long tons of 2,24o pounds.

1891.

8,990
21, 811
315,112
92, 490

3, 952, 387
123, 398
295, 292
3,217

49, 858
795, 073

18, 662

86, 283
44,844

291, 738
1, 035, 013

7,729
669, 202
213, 145
197, 160
29, 229
1,226

18, 116
9,295

8, 279, 870

1892.

7,946
17,107

310, 395
87, 975

4, 193, 805
99, 131

342, 847
2,908
9,950

915, 296
8,613

154, 793

56, 548
300, 081

1,221,913
7,700

949, 450
184, 421
174, 961

57, 020
14, 071
32,441
7,628

9, 157, 000

7,853
12, 478

191, 115
74, 305

3, 643, 022
151, 773
302, 856
2,843

39, 675
726, 888
6,257

81, 591
47, 501

207, 915
875, 265

5,567
405, 261
117, 538
131, 772
32, 360
10, 373

45, 555
4,739

7, 124, 502

Prices of pig iron in 1892 and 1893.—The following table gives the

average luontlily jjrices of pig iron in the United States in 1892 and

1893 at leading markets in Pennsylvania, in tons of 2,240 pounds. The

monthly averages are obtained from weekly quotations. We also add

the prices of old iron rails, per long ton, at Philadelphia.

Average price of old iron rails and pig iron, hy months, in 1892 and 1893.

Months.

1892
January
rebruary
March
April
May
June
July
August
September
October
November
December

1893
January
February
March
April
May
June
July
August
September
October
November
December

Old iron
"T" rails, at
Philadel-

phia.
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Production of Bessemer steel ingots and rails in 1893.—The total pro-

duction of Bessemer steel ingots in the United States in 1893 was
3,215,686 long tons, against 4,168,435 long tons in 1892, showing a

decrease in 1893 of 952,749 tons, or over 22 per cent. The i)roductiou

in the last half of 1893 was a little over half the production in the first

half.

The following table gives the production of Bessemer steel ingots in

each half of 1893 and the total production in that year as compared
with the total production in 1802

:

Total product of Bessemer steel ingots in 1893.

states.

Pennsylvania
Illinois

Ohio
Otiier States.

Total .

.

First lialf

1893.

Long tons.

1, 337, 079
220, 059
232, 980
301, 939

2, 092, 057

Second half
1893.

Total 1893.

Long tons. Long tons.

789, 141
I

2, 126, 220
94, 770

115, 161
124, 557

1, 123, 629

314, 829
348, 141

426, 496

3, 215, 686

Total 1892.

Long tons.

2, 397, 984
879, 952
409, 855
480, 644

4, 168, 435

The total production of Bessemer steel rails in 1893, except the com-

paratively small quantity of standard rails and a larger quantity of

street rails which were made by manufacturers from purchased blooms,

was 1,036,353 long tons, against 1,458,732 long tons in 1892, a decrease

of 422,379 tons, or almost 29 per cent.

The following table shows the production of Bessemer steel rails in

each half of 1893 and the total production of the year compared with
that of 1892, with the exceptions above noted for both years:

Total production of Bessemer steel rails in 1893.

States.
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The following table gives tlie average annual prices of Bessemer

steel rails at mills in Pennsylvania from 1867 to 1894 per long ton:

Prices of Bessemer steel rails from 1S67 to 1894.

Years.



IRON ORES.
By John Birkinbine.

Comparisons.—Tlie calendar year 1893 shows a marked decline in the

quantity of iron ore mined, and in the prices received for that product.

In no year since 1887 has the amount of iron ore produced been so

S'mall as in 1893, and the published quotations of the ores, which find

an extended market, have been lower than ever before. The total out-

put of all the mines, as reported, amounts to 11,587,629 long tons, as

against 16,296,666 long tons in 1892, a decrease of 4,709,037 long tons,

or 28.90 per cent. The following table will illnstrate the remarkable

decrease in production and m the value of ore at the mines, which the

year 1893 shows as compared with 1889 and 1892r, the only late years

in which the statistics of valuation have been collected

:

Comparison of the iron ore product of the United States in 1889, 1892, and 1893.

Tears.

1889
1892
1893

Amount
produced.

Long tons.

14, 518, 041
16, 296, 666

11, 587, 629

Total valuation
of product, on
cars or wagons

at mines.

$33, 351, 978
33, 204, 896

19, 265, 973

Value per
long ton.

$2.30
2.0t
1.66

The average value therefore declined 38 cents per ton in one year,

while in four years preceding the total reduction was 26 cents per ton.

Expressed in percentages, the decline in average value was 11.3 per

cent from 1889 to 1892, or, approximately, 2.8 per cent, per year, but the

values reported for 1893 average 18.63 per cent, less than in 1892.

The deficiency in product was not confined to a few localities, but

extended practically over the entire country; mines which had been,

producing uninterruptedly for many years were idle, or worked only

sufficiently to maintain them in condition for possible renewed activity.

At others, work was entirely suspended and the mines practically

abandoned, at least until such time as trade will offer a return sufficient

to encourage the large outlay necessary to reopen them, au outlay

which in some cases may be so great as to permanently remove what
have been considered important mines from the list of producers. lu

the review of States which follows, the proportionate decline will be

found to be greatest in some which contribute the largest quantities

of ore, but the reduction is noticeable in all but two States, viz, Min-

nesota and Colorado, some new deveh)pments in the former, and

23
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improved operations at the only blast-furnace plant in the latter, being

responsible for the increased output over 1892.

The production of pig iron in the United States in the iirst half of

the year 1893 did not show as great a decline as the latter half, for

various blast furnace companies consumed stocks of iron ore which

were on hand either at the furnaces or on docks. Later the hand-to-

mouth policy of the purchasers of pig iron and finished iron and steel

products, made necessary by a general financial stringency and uncer-

tainty as to possible changes in existing tariff schedules, decreased

the number of furnace orders and eaused sharp competition among
iron-ore producers for those orders which were placed. Many blast

furnaces, therefore, went out of blast or purchased less ore, and whatever

ore was bought was obtained principally from mines whose accumu-

lated stock had to be moved, or from the larger mines where the cost

of production, due to labor-saving appliances, etc., was lower than at

smaller operations. Some new exploitations also were able to offer

the furnace companies low rates, which forced the closing of some of

the older, less favorably situated, and the smaller or the poorer equipped

mines. Owing to a small demand and unremunerative prices during

1893, nearly all the iron-ore mines in the United States either operated

for but a portion of the year with a greatly reduced force, or closed

down. This was the case even at some of the new mines on the Mesabi

range of Minnesota, where, because of the methods employed of winning

ore cheaply from shallow open workings by means of steam shovels, it

was expected that the mines could run continuously at a profit when
ore mining was impracticable elsewhere. The low price of the rich

Lake Superior ores was a prominent factor in the decrease of foreign

importations, and also of the large decrease in the domestic production

of iron ore in the eastern States, particularly Pennsylvania, New York,

and New Jersey.

The iron-ore production of the United States for 1893 was slightly

above that of Germany for the same period, the former holding by a

narrow margin its position as the largest iron-ore mining country in

the world, which position it has maintained since 1890. Great Britain

produced nearly as much iron-ore as Germany.

To indicate the rapid decline in values, attention may be called to a

standard Gogebic iron ore of well known Bessemer grade which in the

early pajt of 1893 sold at what was considered at that time a very low

rate, viz, $3.75 per long ton delivered on docks at Cleveland, Ohio.

Other producers were slow to adopt this rate, claiming that it was

insufficient to maintain a mine, but it was reported in trade journals,

and has not been contradicted, that 60,000 tons of this same ore were

sold in February, 1894, at $2.75 per long ton delivered at the same
port, a drop of $1 from the previous low price. In March, 1894, it was
reported that 100,000 tons of second grade Mesabi ores were sold at

$2.25 per long ton, while 500,000 long tons of a standard Minnesota
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Bessemer ore were disposed of at $2.95 per long ton delivered at lower

lake points, (a)

As in previous years, considerable amounts of mill cinder, vscrap,

zinc residuum, blue billy, etc., were charged into blast furnaces, with

the iron ores, and while it has not been found practicable to collect all

of this data, the amount of zinc residuum which was used has been

collated; this amounted to 37,G67 long tons, valued at $39,007, or $1.04

per ton. On the other hand, iron ore is largely used as a fix or fettling

in puddling furnaces, as a flux in silver smelting, employed in the man-

ufacture of paint, etc., and the quantities so used are practically offset

by the amount of materials other than iron ore charged into the blast

furnaces.

As above reported the total output of iron ore in 1893 amounted to

but 11,587,629 long tons, but there were many changes in mine owner-

ship and management, many assignments made and receivers appointed,

so that notwithstanding the improved facilities for collecting data, and
the growing interest exhibited by operators and consumers in the pub-

lication of statistics by the Survey, it is probably just to allow in addi-

tion to the actual figures collected, a percentage for mines not report-

ing, and the gross output of all the domestic iron mines may be stated

at 11,625,000 long tons. However, in treating of the output of ore by
kinds and by States the amounts actually reported to the Division of

Mining Statistics will be used. It is gratifying to note the increased

aijpreciation of the value of the mineral statistics among the producers
of iron ore, and their general willingness to cooperate in securing cor-

rect data, but the changes in management or supervision of operations

introduce a sufflcient number of uncertain factors to cause the above
allowance.

Classification of ores.—The following classification of iron ores is the

same as used in previous reports and is practically the commercial
division generally adopted by sellers and purchasers

:

1. Hed hematite comprises those ores in which the iron occurs as an
anhydrous oxide, giving a red streak on a porcelain plate, the color of

the ore being generally a brownish red, or red, although sometimes a
dark gray, almost black. This class includes "red hematite," " fossil,"

or "Clinton" ores, "specular," "micaceous" ore, "slate" ore, etc., as

well as some " martite," which is a pseudomorph after magnetite.

2. Brown hematite, which contains more water than the red hematite,

is generally of a brown or yellow color, and when powdered shows a
brown or brownish yellow streak on the porcelain plate. The varieties

are known as " limonite," " turgite," " pipe" ore, " bog " ore, " goethite,"
" oolitic " ore, etc.

3. Magnetite comprises those ores in which iron occurs as a magnetic
oxide, generally black or blue-black, or occasionally steel gray or green-

a These quotations of sales made in the early part of 1894 are for ores mined in 1893, and offer no
encouragement to expect a recovery in the near future. Statements of the decline in value of iron
ores appear in "Eeplies to Inquiries," Bulletin No. 9, Committee on Finance, U. S. Senate, Fifty-third
GongresB, second session.
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isli in color, and which when powdered give a black streak on a test

plate, and are attracted by a magnet. In this class is inchided some

"martite," which is mined with magnetite.

4. Carbonate includes those iron orfes which contain an excess of

carbonic acid. They are generally gray, yellow, or rather buff and

brown in color, and are tested by the use of hydrochloric acid. They

comprise the "black band" ores, " clay ironstones," "spathic" ores,

"siderite," etc.

From some mines brown and red hematite, or red hematite and mag-

netite, or carbonate and brown hematite ores are obtained out of the

same workings, the extent to which ores are hydrated or weathered

transferring them from one class to another ; or different classes of ore

are found intermixed or alternating in the same deposit. Wherever

possible an attempt has been made in the statistical review to separate

into classes the different ores coming from the same operations, but in

some workings this was impracticable, and the product is credited to

the predominating character of ore won.

Product hy States.—The following table will show the character,

according to the above classification, and the amounts of the iron ore

produced in the various States and Territories during the year 1893,

from which it will be seen that there were mined 8,272,637 tons of red

hematite, equivalent to 71.39 per cent.; 1,849,272 Ibng tons of brown

hematite, equivalent to 15.96 per cent. ; 1,330,886 tons of magnetite,

equivalent to 11.49 per cent., and 134,834 tons of carbonate ore, equiva-

lent to 1.16 per cent, of the total iron-ore output of the country. Two
or more States are grouped when separate amounts would disclose in

any way the operations of an individual or corporate mining enterprise

without express permission. The States are arranged in their order as

producers of ore.

Production of different varieties of iron ore in the year 1893 hy States.

states and Territories.

Michigan
Alabama
Minnesota
Pennsylvania
Virginia and West Virginia. .

New York
Wisconsin
Tennessee
New Jersey
Georgia and North Carolina .

.

Colorado
Missouri
Ohio
Connecticut and Massachu-

setts
Kentucky
Texas
Maryland
Idaho, Montana, New Mexico,
Oregon, and Utah

Total.

Ked hema-
tite.

I/ong tons.

i, 636, 128
1. 281, 292
1, 499, 927

57. 633
41, 665
15. 890

434. 629
185, 365

2,348
88, 012
4, 654

68, 263

2,231

4,600

8, 272, 637

Brown
hematite.

Long tons.

23, 420
461,118

158, 376
568, 800
35. 592
4,800

181,411
2,349

138, 221
139. 117

9,600

40, 752
30, 244
22, 620
2,075

30, 777

1, 849, 272

Magnetite.

Lo7ig tons.

8,776

480, 164

6, 5(10

440, 693

351, 453
9,782

27, 179

3,000

3,339

1, 330, 886

Carbonate.

Long tons.

1,812

'41,'947

6,220

720

hh'iu

4,239

11, 755

134, 834

Total.

Long tons.

4, 668, 324
1, 742, 410
1, 499, 927

697, 985
616, 965
534, 122
439, 429
372. 996
356, 1.50

186,015
171, 670
77, 863
68, 141

40, 752
36, 714
25, 620
13, 830

38, 716

11, 587, 629
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The following table, showing the quantities and character of the iron

ore produced during the years 1889, 1890, 1891, 1892, and 1893, while

illustrating the continued preference for hematite ores, demonstrates

that each variety shared in the decline above mentioned.

Comparative production of iron ore, hy hinds, in 1S89, 1890, 1S91, 1S92, and 1893.

Kinds of ore.
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Product of iron ore by States in 1889, 1890, 1891, 1892, and 1S93.

atates.

Michigan
Alabama
Pennaylvauia
New Torli
"Wisconsin
Minnesota
Virginia .'

New Jersey
Tennessee
Georgia
Missouri
Ohio
Colorado
Montana, Oregon, NewMexico,
and Utah

Kentucky
Marj'land
Massachusetts
Connecticut
West Virginia
North Carolina
Texas
Maine

Total

Lovg tons.

5, 856, 169
1,570,319
1, 560, 234
1, 247, 537

837. 399
804, 508
498, 154
415, 510
473, 294
248. 020
265, 718
254, 294
109, 136

(c) 86, 405
77, 487

(e) 29, 380

46, 242

29, 690
13, 101

10, 125
13, 000
12, 319

14, 518, 041

1890.

Long tons.

7, 141, 656

1, 897, 815

1, 361, 622

1, 253, 393
948. 965

891, 910
543, 583

495, 808
465. 695
244, 088
181, 690
169, 088
114, 275

81, 632

77, 685
35, 657

32, 934
26,058
25,1)6
22, 873

22, 000
2,500

16, 036, 043

Long tons.

6, 127, 001

1, 986, 830

1, 272, 928
1,017,210

589, 481
945, 105
658, 916
525. 612
543, 923
250, 755
106, 949
104. 487
110, 942

(d) 93.730
65, 089

37, 379

47, 502
30, 923
6,200

19. 210
51, 000

14, 591, 178

Long tons.

7, 543, 544

2, 312, 071
1, 084, 047

891, 099

790, 179

1, 255, 465
741,027
465, 455
406, 578
185, 054
118,494
95, 768
141,769

44, 875
50, 523
40, 171

44,9J1
31, 324
6,000

25, 379

22, 903

16, 296, 666

1893.

Long tons.

4, 668, 324
1, 742, 410

697, 985
534, 122
439, 429

1, 499, 927
(a) 616, 965

356, 150
372, 996

(6)186,015
77, 863
68, 141

171, 670

(d) 38, 716
36, 714

13, 830

I 40, 752

(/)

(9)

25, 620

11, 587, 629

a Including "West Virginia.
6 Including North Carolina.
c Including Idaho and "Washington.
d Including Idaho.

e Including Delaware.
/See Virginia.

g See Georgia.

The rank of the ijrincipal States as producers exhibits iio material

change from that given in 1892 with these exceptions: Virginia has

risen from seventh to fifth place, Ii^Tew York and Wisconsin being cor-

respondingly lower, while Ne"w Jersey and Tennessee changed posi-

tions, the former being now ninth, while the latter is eighth in order of

precedence.

In contributing to the low price of iron ore the miners', laborers',

mechanics', and stevedores' wages, railroad and lake freights, etc.,

have all shared in the reduction more liberally than the royalties,

which in many cases have remained at the same figures as in former

years. The royalties will share in any further decline in the price, and

even at the rates which ore now commands many mines will be unable

to resume operations and pay the royalties which have been collected

for years. As an instance of this a prominent mine on the Menominee
range in Michigan is making preparations to resume active operations

in order to give work to the men, the owner of the property gener-

ously agreeing to waive all claim to royalty for one year, otherwise the

mine would have remained idle until better prices could be obtained

for ore.

MICHIGAN.

Michigan still holds first rank as an iron-ore producer with an output,

in 1893, of 4,668,324 long tons, or 40.29 per cent, of the total for the

United States. This is, however, a falhng off of 2,875,220 long tons,

or 38.11 per cent, from the 1892 product of 7,543,544 long tons. Mich-

igan's percentage of the total output of the country in 1892 was 46.29 per
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cent., whereas in 1893, as above stated, it was but 40.29 per cent. Of

the 1893 total for the fetate 4,636,128 long tons, or 99.31 per cent., was

classed as red hematite, 23,420 long tons, or 0.50 per cent., as brown

hematite, and 8,776 long tons, or 0.19 per cent., as magnetite, giving to

Michigan first, tenth, and sixth places, respectively, in the proportionate

production of these tltree classes of ore, due to supplying 56.04, 1.27, and

0.66 i)er cent, of the total output of each variety.

The falling off in the outputs of the various kinds of ore in Michigan

and the percentages of such decline are shown in the following table:

Com;panson of the iron-ore product of Michigan in 1892 and 1893.

Cliaracter of ore.

Eed hematite . ..

Brown hematite
Magnetite

Total

Production.

Long tons.

7, 228, 406
187, 306
127, 832

7, 543, 544

Long tons.

4, 636, 128

23, 420
8,776

4, 668, 324

Decrease.

Long tons.

2, 592, 278
163,886
119, 056

2, 875, 220

Percen-
tage de-
crease.

35.86
87.50
93.14

Considering the mines locally it was found that the greatest defici-

ency in production was in the Gogebic range (which is partly in Mich-

igan and partly in Wisconsin), for while the older Marquette and

Menominee ranges also declined in output, the proportions were not as

great as in the Gogebic range. This may be due in x)art to the fact

that the newly developed Mesabi ores of Minnesota replaced some of

the ore formerly obtained from this range. These Mesabi ores are soft,

easily mined at present, and the freight on them to lower lake ports

closely approaches those paid on Gogebic ores.

A remarkable instance of the low price of iron ore which prevailed

during the latter half of 1893 is obtained from the record of a sheriff's

sale of the stock piles of the Colby, Tilden, and Comet mines, for which

$1.10 per long ton was obtained for the ore sold. The deficiency in

demand, and the inadequate compensation obtainable for such ore as

was sold, brought absolute distress upon the inhabitants of the Gogebic

range, and in many cases skilled miners, willing and anxious for work,

were absolutely penniless, and became unwilhng objects of charity.

The number of unemxDloyed workmen can not be determined with

exactness, some reports claiming that in the iron-ore regions of Michi-

gan 60,000 men, who were in one way or another dependent on the iron-

ore industry, were out of employment. In one instance a manager of

an iron-ore company in the Lake Superior region was requested by its

unemployed workmen to be allowed to take the place of a steam shovel

which was used for loading ore on cars from stock piles
;
permission

being granted, the men struggled to obtain places which would yield for

a hard day's labor a pittance of about 50 cents. It is doubtful if the

distress in the silver-mining industry, which has been widely discussed
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through the press, was as pronouuced as iu some portions of the Lake
Superior iron-ore region. As indicative of the prevalent distress it

was authoritatively reported that on the Gogebic iron-ore range in

Michigan the three towns of Ironwood, Bessemer, and Wakefield had

5,447 persons who were receiving aid, because the iron-ore mines of that

range had closed down. As showing the nationalities represented by

the population, it is of interest to note that of these 5,447 persons, 1,011

were Scandinavians, 838 English, 792 Irish, 742 Fins, 626 Poles, and the

balance Bohemians, Italians, Hungarians, Austrians, French, etc., but

63 being native Americans.

The Marquette range has held its position remarkably, due, no doubt,

to the facts that the hard iron ores are now better prepared for furnace

use, that the majority of the ores won are of high Bessemer grade, that

in transportation less moisture is absorbed than by the softer ores of

the Gogebic and Mesabi ranges, and that the distances covered in car-

rying the Marquette ores to lower lake ports are less than from the

other ranges, except the Menominee. In addition, the companies oper-

ating on the Marquette range were, as a rule, generally longer estab-

lished and stronger financially than the most of those operating the

Gogebic mines. Some of the former own vessels, and most of them

have superior machinery equipment at the mines.

In consequence of the depressed condition of the trade, but little

development work was done, and although some few new mines were

opened, but little, if any, ore was shipped from them.

ALABAMA.

This State continues to occupy second place as an iron-ore producer,

but it seems probable that in the course of a year or two this posttion

will be taken by Minnesota, where, owing to the opening of the new
mines, and the development of the northwestern portion of the country,

the State will assume a more prominent position in the iron-ore indus-

try.

The output of Alabama in 1893 was 1,742,410 long tons, or 15.04 per

cent of the total for the country. Of this amount 1,281,292 long tons

or 73.54 per cent of the State's total was red hematite, in which class of

ore Alabama occupied third place, supplying 15.49 per cent of the total

for the country. This is a decline from the previous year of 375,736

tons, or 22.68 per cent in this class of ore; 461,118 long tons, or 26.46

per cent of the ore mined was classed as brown hematite, a decline from

the amount won in 1892 of 193,925 long tons, equivalent to a deficiency

of 29.60 per cent. In this class of ore Alabama occupied second posi-

tion, producing 24.94 per cent of the country's total. This State pro-

duced 569,661 long tons, or 24.64 per cent less ore in 1893 than in 1892.

The principal features of the year 1893 were (1) a reduction in the

prices for winning ore to a point formerly thought to be unattainable,
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and (2) a more careful selection of the material fed to blast furnaces.

During- the year a large amount of experimental work has been done
in an attempt to beneflciate some of the more siliceous ores. The
greatest activity in mining operations continues in the vicinity of Bir-

mingham, where the hard and soft red hematite iron ore is won, and
in the northeastern section of the State where brown hematite ore is

obtained for local charcoal and coke furnaces.

The Eussellville district, in north western Alabama, although produc-

ing considerable ore, fell behind its last year's output, owing to tbe sus-

pension of near-by furnace ijlants.

MINNESOTA.

This State produced 1,499,927 long tons of iron ore in 1893, or 12.94 per

cent, ofthe total for theUnited States, giving itthird place. The increase
over its 1892 output of 1,255,405 long tons was 244,462 long tons, or

19.47 per cent. All of this ore was of the red hematite character, in

which class the State stood second, supplying 18.13 per cent, of the

• total of this variety of ore.

The new Mesabi range opened at an inauspicious time for obtaining a

large output, yet last year it mined 684,194 tons of ore, a large amount
for what was really the first active miningyear on this range. The pro-

duction would probably have been larger, but for the fact already men-
tioned, viz, an exceedingly active competition with the older Lake
Superior ranges, and the low prices obtained for the ore, taken in con-

nection with the royalties demanded at most of the mines, acting as an
~ offset for the cheapness with which the ores could be won. The royalties

on some of the mines were such that a number of leases were reported

as canceled last year on that account. It has been stated that

the average royalty on all the ore mines on the Mesabi range, including

the fee-simple mines, amounted to about 37J cents per ton in 1892-93.

Another point which prevented a large demand for the ore was its fine

comminution, which led some managers to use but small proportions of

the ore in the blastfurnace charge. It is probable that this objection

will be overcome, however, and it is stated that the furnace at Duluth.

was for a time run on all Mesabi ores, with good results.

PENNSYIiVANIA.

This State, together with New York and Colorado, produced all four

classes of iron ore in 1893. The outijut of Pennsylvania in 1893 was
697,985 long tons, giving it fourth place, although producing but 6.02

per cent, of the country's total. This amount represents a decline of

386,062 long tons., equivalent to 35.61 per cent, from the 1892 product of

1,084,047 long tons.

Of this 697,985 long tons produced, 480,164 tons or 68.79 per cent,

was magnetite
J
158,376 tons or 22.69 per cent., brown hematite j 57,633
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tons or 8.26 per cent., red hematite; and 0.26 per cent, or 1,812 tons,

carbonate ore. Pennsylvania occupying in the country's total of these

classes of ore first, fourth, seventh, and sixth places, and producing

36.08 per cent., 8.56 per cent., 0.70 per cent., and 1.34 per cent., respect-

ively of the nation's output of varieties named.

The State has declined in the production of all the different classes

of ore, as will be seen iu the following table:

Product of iron ore in Pennsylvania in 1892 and 1893 hy classes.

Classes of ore.

Magnetite
Brown hematite
Eed hematite . .

.

Cai'bonate

Production.

1892.

Lo7ig tons.

685, 986
229, 700
163, 307

5,054

1893.

Long tons.

480, 164
158, 376
57, 633

1,812

Decrease.

Long tons.

205, 822
71, 324

105, 674
3,242

Percent-
age de-
crease.

30
31.05
64.71
64.15

In Pennsylvania the major portion of the iron ore mined is obtained

from the eastern and southern portions of the State, and as the blast

furnaces in this district were among the first to feel the change in

demand a number blew out, their inactivity affecting the amount of ore

mined locally. Some local ore, however, was displaced by Lake Supe-

rior ores, which also competed with the highest grades of foreign ores

practically at tide water. The bulk of the magnetite mined in Penn-

sylvania continues to come from the Cornwall ore hills, and probably

there is no better indication of the severity of the business depression

than in the greatly reduced output from this deposit, where ore can be

mined so cheaply and supplied to so many blast furnaces close by. For

a part of the year all blast furnaces at Cornwall, and most of those

within a few miles of the ore hills, were idle, a condition unprecedented,

and the deposit produced but 439,705 long tons, or 69.28 per cent,

of what it contributed in 1892. By reference to the record of large

producers farther on it will be seen that notwithstanding this marked
deficiency the Cornwall ore hills produced more iron ore in 1893 than

any other single mining operation in the country, whereas, with a

product of 195,009 tons greater iu 1892, there were iu that year 3 plants

which exceeded the output of Cornwall.

VIRGINIA.

This State now holds fil'th position as an iron -ore producer, with an

output for 1893 of 612,465 long tons, or 5.29 per cent, of the country's

total. This advance in relative position was not due to increased pro-

duction in Virginia, but to the fact that the proportionate decline of

17.35 per cent, from the 741,027 long tons mined in 1892 was less than

in the two other States which formerly outranked her.

Three classes of ore were obtained in the State, 92.14 per cent, being

brown hematite, 6.80 per cent, red hematite, and the balance, 1.06 per
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cent., magnetite. Virginia occupies first position among the States

producing brown hematite, contributing 30.51 per cent.; eiglith among
those producing red hematites, contributing 0.50 per cent. ; and seventh

position among magnetite producers, contributing 0.49 per cent, of the

country's total. While there was an increase of 15,545 tons, or 59.51

per cent., over the red hematite production of 26,120 tons in 1892, and

an addition of 3,346 long tons, or 106.09 per cent., of magnetite won
over the output of 3,154 tons in 1892, tliese gains "were more than

counterbalanced by a decline of 147,453 long tons., or 20.72 per cent.,

from the brown hematite production of 711,753 long tons in 1892. Vir-

ginia has had to bear its share of the business depression, and the

decreased iron-ore output tells of blast furnaces idle and capital

unremunerative.

N E Vr Y O KK .

This State's record of 534,122 long tons, or 4.61 per cent, of the coun-

try's total, gives it sixth place and shows a loss of 356,977 long tons,

or '40.06 per cent, when compared with the 1892 total of 891,099 long

tons.

Of the State's product for 1893, the magnetite mines contributed

410,693 long tons, or 82.51 per cent; the brown hematite operations,

35,592 long tons, or 6.66 per cent; the carbonate workings, 41,947 tons,

or 7.85 per cent; and the red hematite mines, 15,890 long tons, or 2.98

per cent. As a producer of magnetite, isTew York occupied second place,

with 33.11 per cent of the country's output of this class of ore; it also

holds the same position as a carbonate producer with 31.11 per cent, of

the total; among the brown hematites it ranks seventh, supplying 1.92

per cent, while its production of red hematite ore gave it tenth place

with 0. 19 per cent of the total.

The decline in the various classes of ore produced in 1893 as com-

pared with 1892 will be found below.

Production of various classes of iron ore in New York in 1892 and 1893.

Character of ore.
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largest producer of carbonate in 'New York, situated on t"he Hudson

river, indicate approaching exhaustion in that portion of the devel-

opments where the best ore has been obtained.

WISCONSIN.

Wisconsin stands seventli on the list with a product of 439,429 long

tons, or 3.79 per cent of the total. Of this amount 434,629 tons, or 98.91

percent, was of the red hematite variety, and the balance, 4,800 tons, or

1.09 per cent, was brown hematite. This State exhibits a decline of

350,750 tons, or 44.39 per cent, from the 1892 total of 790,179 tons. A
new blast furnace enterprise which depends upon local brown hematite

mines for its supply of ore is mainly responsible for maintaining Wis-

consin among the list of States which produced this class of ore in

1893.

TENNESSEE.

Tennessee occupies eighth position, supplying 3.22 per cent, of the

total iron ore output. Of the 372,996 tons which Tennessee produced

in 1893, 185,365 tons, or 49.69 per cent., was classed as red hematite, and

181,411 tons, or 48.64 per cent., brown hematite; the balance, 6,220 tons,

or 1.67 per cent., was reported as carbonate ore. These figures show a

decline from the amount produced by Tennessee's mines in 1892 (viz.,

40-6,578 long tons) of 33,582 tons, or 8.26 per cent.

The carbonate or spathic iron ore which was mined in 1893 was the

initial output of this class of ore in Tennessee, and was obtained from

the southwesteru portion of Lawrence county, near the Alabama

border. It was smelted in the proportion of one part spathic ore and

two parts brown hematite in the Spathite Iron Compauy's furnace at

Florence, Alabama. The following are some analyses of the ore:

Partial analyses of spathic iron ore, Iron City, Laiorence county, Tennessee.

Per cent. Per cent.

Moisture
Ferric oxide
Manganous oxide
Lime
Maenesia
Carbon dioxide
Phosphorus pertoxide
Sulphur
Alumina
Silica
Carbonic acid, loss

27.64
.32

32.72
.82

2.19
6.82

28.38

Metallic iron

.

Manganese . .

,

Phosphorus .

.

19.35
.23
.385

43.76

'26""'

Per cent.
0.495

54. 271
.023

21.96

15.71
1.79
.07

.78

.853
6.695

Analyst, No. 1, Leutscher; No. 2, Wharton; No. 3, Dudley.
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The iron contents of the ores obtainable will probably range between

the figures given in analyses ISTos. 1 and 2, and the adaptability of the

material will depend practically upon its fluxing character as affecting

itself and other ores with which it is mixed. Based upon its iron con-

tents alone, the ore would not be economical to use, but when considered

as a flux carrying iron, it may prove of sufficient value to mine and

transport to blast furnaces within jconvenient distance. The claim is

also made that this spathic ore possesses the meritorious features gen-

erally credited to most carbonate ores, of producing iron especially

useful for the production of pig iron for foundry purposes.

NEW JERSEY.

This State showed a falling off of 109,305 tons, or 23.48 per cent, from

the 1892 total of 465,455 long tons, the amount produced in 1893 being

but 356,150 long tons, or 3.07 per cent of the country's total. Of this

amount 351,453 long-tons, or 98.68 per cent, was magnetite, the balance

being about equally divided between the red and brown hematites.

OTHER STATES.

Of the remaining States only Georgia and Colorado contributed over

100,000 long tons each to the total, the former producing 176,233 long

tons, ofwhicb 138,221 tons were brown hematite, and the balance, 38,012

tons red hematite; while the latter's total of 171,670 long tons was com-

posed of all four kinds of ore, 139,117 tons being brown hematite,

27,179 tons, magnetite, 4,654 tons red hematite, and 720 tons carbonate.

Ohio's product, 68,141 long tons, was all carbonate ore, in which class

it occupied first place, supplying 50.54 per cent of this variety of ore.

Massachusetts and Connecticut obtained their brown hematite ores

from tbe Salisbury region. Kentucky contributed both brown and red

hematite in addition to some carbonate ores. Texas supplied brown

hematite, with the exception of some magnetite which was mined in

development work in the Llano district. Maryland produced some

carbonate ore which was used in the local furnaces, and also a small

quantity of brown hematite, mined in the western portion of the State.

Oregon is credited with brown hematite ores used in the one blast

furnace in that State. In most of the other Western States and Ter-

ritories the ore produced was used as a flux in smelting precious metals,

and was principally brown hematite and magnetite, although some red

hematite was also employed.
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VALUE OF IRON ORES PRODUCED.

In the following table the valuation of the iron ore produced in the

United States during the year ending December 31, 1893, is reported

by States except where such publication would disclose the operations

of individuals or companies. It shows that the average value per ton

of iron ore at the mines in all important producing States (i. e., those

mining over 100,000 tons) has declined, but in the less important States

there have apparently been some slight advances.

The average value of iron ore for the United States as a whole was
$1.6.6 per ton at the mine, as against a similar average of $2.04 in 1892,

a decline of 38 cents per ton or 18.63 per cent. The highest average

value reported was $3.01 in Connecticut and Massachusetts, and the

lowest 86 cents in Alabama.

The higher value of iron ore in Colorado and the West is owing to

a relatively high wage rate and limited production, and the greater

reported value of ores mined in Connecticut, Massachusetts, Kew Jer-

sey, N'ew York, and Pennsylvania is due to the fact that the ore mined

near points of consumption is subject to heavy royalties or is of special

quality, and also because more expensive exploitation is in many in-

stances necessary by reason of the depth or size of workings, exhaus-

tion of portions of long exploited deposits, etc.

In Michigan the value per ton fell from $2.20 in 1892 to $1.84 in 1893,

a decline of 36 cents per ton, or 16.36 xjer cent,, while in Minnesota the

value was but $1.55 per ton in 1893 as against $2.46 in 1892, a decrease

of 91 cents per ton, or 36.99 per cent. This, however, is not entirely

due to the decline in the market value of the iron ore from the Ver-

milion range, although this is quite marked, nor to the fact that the

distances to be covered by ores from Minnesota average greater than

those from Michigan, and therefore freights on the former average

higher than on the latter, but in 1893 the Mesabi range had its first

year of large output, and the ores being new and of a soft character

did not command as high prices as the harder and well-known ores of

the Vermilion range; thus the average for the State was reduced. It

is more than probable that the prices which were obtained for iron ore

in these two States in the latter part of 1893 were insuflficient to pay
interest on the investment of capital, royalty, cost of mining, deprecia-

tion, etc. In fact, some mines are known to have been operated either

to keep a force of men together or merely because it was found better

to run at a slight loss than to close down entirely with fixed charges

continuing.

In three prominent southern iron-producing States, Alabama, Vir-

ginia, and Tennessee, the value of ore has fallen to $0.86, $1.70, and

$1.05 per ton, respectively, representing declines of 20 cents per ton,

or 18.87 per cent., for Alabama; 21 cents per ton, or 11 per cent., for
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Virginia ; and 19 cents per ton, or 15.32 per cent., for Tennessee, as com-

pared with the vahies reported in 1892.

It will be interesting to group the various States whose iron ores

present similarities either in the methods of occurrence, means of

exploitation, or general characteristics, and which supply certain mar-

kets, noting the quantities produced by each group, and the value of

the ores won. The States of Michigan, Wisconsin, and Minnesota,

offer such a group, and their product is (with the exception of some

fossil and brown hematite ores of Wisconsin) all marketed as Lake

Superior ores. These States in 1893 i:)roduced a total of 6,607,680 long

tons, principally red hematite, which had an average value of $1.74 per

ton„ This amount of ore represents 57.02 per cent, of the entire out-

put of the iron ore mines of the United States, and it yielded a higher

average percentage of iron than the balance of the country's product.

The Virginias, North Carolina, Georgia, Alabama, and Tennessee

may be assigned to a second group, the ores of which will yield less

than the average of the country, but which produces a large quantity

of cheap iron ores. The output of this group, representing 25.25 per

cent, of the total for the country, is second to that of the Lake
Superior district, amounting to 2,918,386 long tons, the value of which

averages $1.08 per ton. The ores are mainly red and brown hematites.

Another group, which may be formed with propriety, comjirises the

States of New York, Pennsylvania, New Jersey, and Maryland, these

four contributing an aggregate of 1,602,087 long tons, or 13.82 per cent,

of the total for the country, of an average value of $2.20 per ton. This

group embraces nearly all of the magnetite mined, and includes all

varieties of ore, the yield of those won being close to the general aver-

age, but considerably below the average for Lake Superior ores.

Kentucky and Ohio could be grouped as producers of carbonates or

their derivatives, but their output is small compared with the above,

and the other producing States may be more properly considered indi-

vidually.

The above grouping in a general way suggests the relative advan-

tages as ore-producers of the districts mentioned, but their commercial

importance is influenced by convenience to fuel supply and to markets

for the iron which may be produced from the ores.
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Value of iron ore produced during the year 1893, hi/ States,

States. Production.
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the year. The quantities of ore reported on hand at the close of the

years 1892 and 1893 are exhibited in the following table:

Stocks of iron ore on hand.

States.

Mishlgan
Alabama
Minnesota
Pennsylvania
Virginia and West Virginia
New York
Wisconsin
Tennessee
TS&w Jersey
Georgia and North Carolina
Colorado
Missouri
Ohio
Connecticut and Massachusetts
Kentucky j

Texas
Maryland
Other States and Territories

Total

December 31

1892.

Long tons.

1,520,477
47, 918

247, 053

62, 124
92, 984

244, 583
251, 649
101, 027
72, 390
24, 830
4, 200

a 127, 546
60, 013
2,810
6,504

18, 103
8.000

19, 529

2,911,740

December 31.

1893.

Long tons.

1, 844, 370
60, 171

291, 393
95,312
28, 880

246, 851
455, 675
146, 027
62, 038
13, 500

80
146, 472
73, 507
1,892
9,725

25, 806
7,900

13, 562

3, 526, 161

a In a previous report for 1892 this was given as 248,337 long tons, but as the return from one mine
gave as stock on hand ore which it was necessary to treat before it became marketable the ligures
have been corrected iu the present return.

LAKE SUPEBIOK OKE SHIPMENTS.

It has been shown in previous reports that the Lake Superior region

is the most important iron producing district in the country, and that

most of its ore is sent by water to lower lake ports where large receiv-

ing docks act as distributing mediums to blast furnaces. As ship-

ments can only be made by water during seven to eight months of the

year, it necessarily follows that enormous stocks of ore accumulate on

the docks of these distributing points toward the close of the shipping

season, and often considerable amounts remain on hand at the ox^ening

of navigation, the stocks exerting an imiDortant influence on the iron-

ore market.

The ports from which iron ore is shipped have received an addition

in Duluth, Minnesota, which made its initial shipment this season, and
it is probable that in the future this harbor, which receives ore from

the Mesabi range, will increase its shipments. As will be seen from

the table below which has been taken from the Cleveland Iron Trade

Bevieic, Escanaba, Michigan, still holds first rank, but the amount of

ore sent forward from that port represents but little more than half of

the trade credited to it in 1892. Ashland, Wisconsin, fell off in nearly

the same proportion, while Marquette, Michigan, was the only one of

the older shipping ports which showed increased shipments. For the

purpose of comparison the total shipments for 1892 and for 1893 are

also given.
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LaTce shipments of iron ore, 1892 and 189S.

Ports. 1893. 1892.

Long tons. Long Urns.

Escanaba, ilich ; 2,048,981 4,010.085

Ashland. Wis 1,117,520 2,223.683

Marqnette, Mich 1,043,988 1,026,338

Two H.irlinrs. Minn 902, 352 1, 165, 076
440.292

I 203,343 115.886
! 80,273 ' 4,245

Ashland. Wis.
Marqnette. Mich.
Two Harbors, Minn.
Dalath. Minn
Gladstone. Mich
Superior, Wis

Total shipments I
5,836,749 8,545.313

As an example of quick work, and to supplement the statistics fnr-

nished in previous reports, tke following data are presented concerning

the new iron-ore shipping dock of the Duluth, Mesabi & Xorthern Eail-

road Company at Duluth, Minnesota. This dock is 2,340 feet long, 52

feet wide, 53 feet high above the water Une, and has 384 pockets, hav-

ing a storage capacity of 150 tons each, a total of 57,600 tons. Eight

thousand piles and 10,000,000 feet of lumber were required for its con-

struction. The first pile was driven January 20, 1893; the first ore was

received July 22. Using but 200 pockets, the shipments up to Novem-

ber 20, 1893, were 130.000 tons. It is not an uncommon occurrence to

load a boat with 2,000 tons of ore in 1 hour and 30 minutes. The cost

of the dock complete was 8125,000.

LAKE ERIE ORE BECTITPTS.

The difference between the lake shipments and the amount received

at the lower lake ports represents the iron ore sent to Chicago, Mil-

waukee, and other points having blast furnaces, accessible by water

transportation.

The greater portion of the iron ore brought through the Great Lakes

goes to Ashtabula and Cleveland, Ohio, the other ports following in

the order named in the accompanying table, in which the receipts to

December 1, 1893, and the stocks on docks at that date, are given

together with similar data for 1892.

B^ceipts of iron ore at lower lake ports in season of 1892 and 1893, and stocks on hand
December 1.

Porta.

Eeceipts.

1893. 1892.

1
Long torn.

Ashtabula : 1,845,738
Cleveland \

1.260,716
Fairport

.

Erie ..

Buffalo ...

Conneaut

.

Lorain
Toledo
Huron
Sandusky.

792. 517
469, 299

a 308, 238
203,207
165,667
145, 515
137, 700
4,464

Total 5,333,061 6,660,734

Long tons.

2, 555, 416

1, 950, 224
866, 611
645,230
197, 000

1,130
19(1,400

139, 987
65,000
49,736

Stocks.

1892.

Lonn tons.

1, 296, 431

1, 163, 930
578, 033
359, 827
119. 170
91,337

201, 632
92,911
89,000
78,439

Long ton*.

1, 312, 658

1, 347. 992
610, 609
401, 683
125, OUO
Xone.
147. 600

71,409
45,000
87, 500

4, 070, 710 i 4, 149, 451

aIncludes Tonawanda.
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The figures given of stocks held at mines added to those carried at

lower lake ports make a total of 6,665,148 long^ons, which exceeds the

entire amount mined in the States of Michigan, Minnesota, and Wis-

consin in 1893. Bat as the stock at the lower lake ports was taken on

December 1, the amount on hand December 31, 1893, was slightly less,

making the stocks of Lake Superior ores held by mine-owners or

their agents at that date very close to tlie 1893 output of these States.

The receipts of ore at lower lake ports were less than in 1889, 1890, and

1892, but greater than they were in 1891, while the stocks of ore on

hand December 1, 1893, viz., 4,070,710, are the largest on record, with

the exception of last year when there were 4,149,451 long tons on hand.

How much of this stock of ore on hand is practically sold can not be

definitely estimated, but the bulk of that unsold is stated to be of non-

Bessemer grades. During 1893 a larger proportion than usual of the

ore brought down was shipped direct to the furnaces, advantage being

taken of the rebate given where ore does hot go upon the dock.

The following table showing the percentage of the lake shipments

received at various lower lake ports from 1883 to 1893, inclusive, will

illustrate the relative positions which they each occupied in the years

mentioned.

Percentages of lake shipments of iron ore received at loiver lake ports in the years 1SS3 to

1898, inclusive.

Ports.

Ashtabula, Ohio.
Cleveland, Ohio '.

Fairport, Ohio...
Buttalo,Kr.T....
Erie, Pa
Lorain, Ohio
Sandusky, Ohio .

Toledo, Ohio
Huron, Ohio
Conneaut, Ohio..

1883.

39.6
42.7
2.4
2.4
6.3
1.5
3.5
1.6

1884.

35.3
49.1
1.3
.5

6.3
1.6
5.8
0.1

38.7
39.2
2.1
.5

8.1
.9

9.5
1.0

1886.

29.6
45.6
4.9
1.4
4
4.4
7
1.2
1.9

1887

32.1
35.4
14.6

.8
6.1
3.9
4.7
1.8

1888.

34.1
25.7
16.2
6.3
6.3
5.2
4.1
2

.1

1889. 1890.

36.8
26.2
15.6
5.6
5-5
5.3
3.5
1.5

31.7
28.3
15.9
8

7.1
4.1
2.5
2.4

1891.

32.

1892.

38.4
29.3
13.0
2.9
9.7
2.9
.7

2.1
1

1893.

34.6
23.6
14.9
5.8
8.8
3.1
.1

2.7
2.6
3.8

STOCKS AT ORE DOCKS.

The stock of ore on hand at the opening of navigation May 1, 1894,

was larger than any previous year except 1891, being 2,588,370 long

tons as against 2,095,797 long tons in 1893, and 1,537,188 tons in 1892.

Deducting the stock of ore on hand May 1, 1894, from the stock on

hand December 1, 1893, the winter shipments to furnaces appear to

have been 1,482,340 long tons. These winter shipments for the past

ten years have been as follows:
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Winter shipments of iron ore from Lake Superior docks.

Winter of—
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• The names of mines and tlie amounts of iron ore mined by such of the

larger companies or firms as expressed no objection to such j)ublication,

will be found in the following table, arranged according to reported

production:

Imporiant iron-ore producing operations in 1893.

Names of mines.

Cornwall, Penna
Metropolitan Land and Iron Company, Gogebic range, Mich.:

Norrie 219, 606
North Norrie 118,865
EastNorrie 100,026

Chandler, Vermilion range, Minn ,

Chapin, Menominee range, Mich
Minnesota Iron Company, Vermilion range, Minn
Ishkoodaniine.s (a group), Ala
Pittsburg and Lake Angeline, Marquette range, Mich
Penn Iron Company, Menominee rauM, Mich
Lake Superior, Marquette range. Mien ,

J. R. & C. J. Smith, Fossil, Ware, and Muscado mines (group),
Ala

Cleveland Iron Company, Marquette range, Mich
Commonwealth, Menominee range, Mich
Bufl'alo Mining Company, Marquette range, Mich
Aurora, North Aurora, and Vaughn (group), Gogebic range,
M i ell i .".

Pewabic, Marq uette range, Mich
Winthrop & Mitchell, Marquette range, Mich
Colby & Tilden, Nos. 1 and 2 (group), Gogebic range, Mich
Biwabik, Mesabi range, Minn ,

Irondale, Ala
Salisbury, Marquette range, Mich
Aragon, Menominee range, Mich
Newport and Bonnie, Gogebic range, Mich
Monntain Iron,_Mesabi range, Minn
Etowah Mining Company, Etowah, Line, and Winchester mines

(group), Ala ,

Cliffs shaft, Marquette range, Mich ,

Sloss, Ala
Pabst, Gogebic range, Mich
Negaunee, MarqUette range, Mich
Ashland, Gogebic range, Mich
Volunteer, Marquette range, Mich
Port Henry Iron Ore Company, No. 21, Lake Champlain district,
N. Y

Commodore, Mesabi range, Minn
Inman, Teun
Richards, N.J
Canton, Mesabi range, Minn
Champion, Ala
Shelby, Ala
Graces Gap, Ala
Stephens, Ala
Jackson, Marquette range, Mich
Tannehill, Ala
Iron Belt, Gogebic range, Wis

Total for 42 mines
A«ld for 12 mines not mentioned by name

Total for 54 mines w

Production.

Long tons.

4a9, 705

438, 497
436, 595
414, 907
362, 570
353, 587
345, 323
840, 382
325, 879

271,017
242, 706
208, 925
187, 774

185,688
184, 755
169,243
155, 862
151,200
135, 010
132, 000
130, 439
121, 450
119, 441

118, 347
112, 700
111,949
109, 2G2
108, 627
93. 800
90,000

85, 295
85,000
75, 378
65, 674
64, 000
61, 796
60, 164
60, 000
55, 000
54, 188
52, 000
51, 903

7, 368, 038
934, 061

8, 302, 099

k

Of the total, 7,218,698 long tons was red hematite obtained from

forty-three mines; 781,149 long tons was magnetic ore from five mines,

and 302,342 long tons was brown hematite taken from five operations.

There was one mine which produced both red hematite and magnetite,

which completes the total number of mines (54), but while the amount
of each kind of ore produced i« included in the above totals, the mine
itself has not been classified in either group.
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MATERIAL HANDLED TO OBTAIN IRON ORES.

In collecting the statistics for the year 1893 an endeavor was made
to obtain approximate ligures as to the total amount of material moved
in winning iron ore. Generally speaking the brown hematites require

the removal of the largest amount of material, followed by the carbon-

ate, red hematite, and magnetite ores in the order named. It was found

impossible to obtain complete figures, as at a number of the mines no

records are kept, at others (brown hematite) only the record of the

number of tons passing through the washers was preserved, the over-

top or stripping where the ore was won by open cut not being included,

except where some of this overtop went into the washers; but the range

of quantities furnished by various reporters are tabulated below. The
quantity of material handled in some of the States is due to opening

new mines, dead work, mining lean magnetite or red hematite, which

was concentrated, etc. Most of the brown hematite workings, are open

cut, and a considerable overtop must be removed until the ore body
proper is reached, which will yield 1 ton of ore from 2 to 8 tons of

material i)ut through the washer, although there are exceptional cases

where still greater averages are handled.

The carbonate ores require roasting to raise the iron contents by

removing the carbonic acid, but as this class of ore is generally mined

underground there is a smaller quantity of refuse material, and in most

localities about 2 tons of material handled per long ton of ore produced

may be taken as an average, although, as will be seen in the table,

sometimes 6 or more tons of material must be removed and treated to

produce a ton of merchantable ore of this class.

The red hematite and magnetite ores are mined chiefly underground,

and with the exception of some lean magnetite, which requires con-

centration, are ready for shipment as they come from the mine, after the

rock has been sorted out and the larger pieces of ore crushed to a size

appropriate for furnace use.

Thefollowing tables willshowthe variations of the amount of material

treated from such records as were obtainable for each variety of ore:

Material moved in mining 'brown hematite.

States.
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Material moved in mininri red hematite.

45

states.
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mPOKTATION OF FOREIGN IRON ORES.

As would naturally be expected, the low price of Lake Superior and

other domestic iron ores, and the generally decreased demand, resulted

in a restricted importation of foreign ores. With the exception of the

Cuban ores (the only two operations on this island which have been as

yet worked, being owned by American companies and used to supply

Pennsylvania and Maryland furnaces), Portugal, and Turkey in Asia,

all the other foreign contributors to our iron-ore supply sent smaller

amounts of iron ore in 1893 than in the previous year, the total for the

year ending December 31, 1893, being 526,951 long tons, valued at

$906,687, against 806,585 longs tons, valued at $1,795,644, imported in

1892.

The value of the iron ore imported, as set forth in the tables below does

not represent the true value of the material at the mines, but merely the

selling prices at the port of shipment, to which must be added the ocean

carriage, import duty of 75 cents per ton, dock charges, commissions,

etc. Some of these ores, while classed as iron ore, are used for other

purposes. Thus, the high valuation placed on those imported from

Turkey in Europe and Asia, and other countries (mainly British Austra-

lasia), is due to the chromic oxide contents. Some of the Grecian and

other ores contain considerable manganese, thus enhancing their value.

The Bureau of Statistics of the U. S. Treasury Department has kindly

supplied the following table showing the quantities and values of iron

ores imported into the United States during the year ending December

31, 1893, to which, for purposes of comparison, similar data for the years

1889, 1890, 1891, and 1892 have been added. From this it will be seen

that, as in the previous year, Cuba contributed the largest proportion

in 1893, her quota of 349,977 long tons being two-thirds (66.4 per cent)

of the total importations. The next important contributor was Spaiu,

followed in order by England, French Africa, and Oceanica, and Italy,

the last three sending almost equal amounts. The Cuban ore came

from the southeastern portion of that island; the Spanish importations

from the southern and northern provinces ; those of Italy from the island

of Elba; England supplied ores from the Hodbarrow and other mines;

French Africa and Oceanica sent ores principally from Algeria and

New Caledonia ; Greece from the islands of Seriphos (and Cypriauo)

;

British Columbia from Texada Island; Portugal from the northern por-

tion of the country, while Turkey's contribution was from the western

sections of their possessions in Europe and Asia. All or nearly all of

the Canadian iron ore was obtained near the city of Ottawa.
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Quantity and value of iron ores imported into the United States in the calendar years
1889, 1890, 1891, 1892, and 1893.

Spain
Cuba
Trench Africa and Oceanica. ..

Italy
England.
Greece
Newfoundland and Labrador .

.

British Columbia
Portugal
JFrance
Quebec, Ontario, Manitoba,and
Northwest Territory

Turkey in Europe
Turkey in Asia
Nova Scotia, New Brunswick,

etc
Other countries

Total

.

Quantity. Value

Long
tons.

298, 568
243, 255
97, 583
87, 410
54, 49C
23, 955
14, 450
13, 670
6,659
6,565

4,091

2,870

853, 573

$621, 481
535, 524
180, 697
228, 164
111, 638
32, 880
43, 100

27, 860
15, 151

17, 911

10, 697

27, 265

1, 852, 392

Quaatity. Value

Long
tons.

512, 933
351, 814
96, 428

134, 399
51, 857
48, 807
6,320

16, 526
2,404

3,078

1, 246, 830

$1, 099, 031
778, 895
188, 360
393, 280
155, 275
87, 397
18, 960

36, 941
5,647

57, 667

32, 346

2, 854, 118

Quantity. Value

Long
tons.

323, 771
257,189
96, 961

154, 073
39,451
24,412

2,126
3,850
158

35
301

912, 864

$716, 920

720, 508
193, 606
544, 914
119, 052
34, 589

2,189
22, 130

3,084

4,008
92, 571

2,075

270
605

a 2, 456, 521

1892.

Quantity. Value Quantity. Value,

Spain

.

Cuba.
French Africa and Oceanica ,

Italy
England
Greece
British Columbia
Portugal
Quebec, Ontario, Manitoba, and Northwest
Territory

Turkey in' Europe
Turkey in Asia ,

Other countries

Long tons.

236, 957
307, 115
62, 502
95,313
35, 638
44, 602
2,749
6,490
8,606

3,346

3,267

$483, 847
618, 222
126, 238
321, 988
76. 910
69, 044
10, 141
14, 386
17, 199

32, 818

24, 851

Long tons.

99, 640
349, 977
16, 541

16, 371
16, 798
10, 244

469
10, 552

372

1,029
4, 700
258

$187, 263
488, 156
33, 357
46, 457
54, 610
17,324
1,441

23, 589
990

10, 803
40, 576
2,121

Total

.

806, 585 1, 795, 044 526, 951 906, 687

a The difference between the total value In this table and that of the United States custom-house
department is due to the fact that in several of the ports of entry a value was given, but the amount
of iron ore was not furnished by the department, and these were therefore omitted in the total valua-

tions.

If the importations are divided according to customs districts it

will be seen that, as in former years, the ports of Baltimore and Phila-

delphia were the prominent points of entry, increasing their joint per-

centage from 95 p^r cent of the total imports in 1891 and 1892 to 97.5

per cent in 1893. The ore imported at Puget Sound, Washington, viz,

469 tons from British Columbia, was used as a flux in silver smelting.

The major portion of the iron ores imported are red and brown hema-

tites, although some magnetite and chromic and manganiferous iron

ores are also brought to this country. As would naturally be supposed
from an examination of the points of entry, most of the iron ore is

used at or near the Atlantic seaboard, in fact, two iron and steel com-

panies, viz, the Bethlehem Iron Company and Pennsylvania Steel

Company, consumed the major portion of the ores at their furnaces at

Bethlehem and Steelton, Pennsylvania, and Sparrow Point, Maryland,
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Distnhution hy customs districts of foreiqn iron ores imported in 1889, 1890, 1891, 1892,

and 189S.

Ports.
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The assistauce of owners, mauagers, and other officers of firms or

corporations engaged in the mining of iron ores, has permitted the pre-

sentation of the foregoing statistical statement, and the interest taken

\n compiling the report by Mr. F. L. Bitler, of Philadelphia, Pa., and
Mr. Dwight E. Woodbridge, of Dulnth, Minn., has been of material

help in the work undertaken. Acknowledgment of the aid rendered

by various persons is therefore cheerfully made.

MIN 93 4



GOLD AND SILVER.

Bt K. E. Preston,

{Director of the Mint.)

Product.—During 1893 the gold product increased and the silver

product declined. The production of gold increased most markedly in

the Cripple Creek district of Colorado. The product and its distribu-

tion by States is shown in the following tables.

It should be stated that the fall in the price of silver had the tem-

porary effect of increasing the output during the earlier months of

1893, for the smelters used every effort to work up their stocks of

ores and sell before any further depreciation in price should take

place. The product of the first four months of 1894 shows the real

effect of the fall in silver, the product declined over 37-^ per cent,

compared with the corresponding first four months of 1893.

Approximate distrihution hy producing States and Territories of the product of gold and

silver in the United States, as estimated by the Director of the Mint.

CALENDAR YEAR 1892.

states and T&rritories.

Gold.

Fine
ounces.

Value.

Silver.

Fine
ounces.

Coining
value.

Total value.

Alaska
Arizona
California
Colorado
Georgia
Idaho
Michigan
Montana
Nevada
New Mexico
North Carolina.
Oregon
South Carolina.
South Dakota .

.

Texas
Utah
Washington
Alahania
Maryland
Tennessee
Virginia
Vermont
Wyoming

Total.

48, 375
51,761

580, 500
256, 387

4,583
83, 271
3, 386

139, 871

76, 021
45, 956
3, 8u0

67, 725
5,968

178, 987

$1. 000, 000

1, 070, 006
12, 000, 000

5, 300, 000
94, 734

1,721,364
70, 000

2, 891, 386
1, 571, 500

950, 000
78, 560

1, 400, 100
123, 365

3, 700, 000

31,936
18, 071

500

660, 175
373, 561

10, 336

8, 400
1,161,900

392, 200
26, 632, 300

400
3, 461, 200

65,600
19, 038, 800
2, 459, 500

1, 176, 700
9,800

54, 200
400

58,300
328, -100

8,490 800
165, 700

900

$10,860
1, 502, 255

507, 087
34, 433, 681

517

4, 475, 087
84, 816

24, 615, 822
3, 173, 495
1, 521, 390

12, 671
70, 077

517
75, 119

424, 210
10, 078, 004

214. 238

1,164

$1, 010, 860
2, 572, 255

12, 507, 087
39, 733, 681

95, 251
6, 196, 451

154,816
27, 507, 308
4, 744. 995
2, 471, 390

91, 231
1, 470, 077

123, 882
3, 775, 119

424, 210
11, 638, 179

687, 799

11,600

1,597,098 33,014,981 63,500,000 82,101,010 115,115,991

60
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CALENDAR YEAR 1893.

51

states and Territories.

Gold.

Fine
ounces.

Value.

Silver,

Fine
ounces.

Coining
value.

Total value.

Alaslia
Arizona
California
Colorado
Georgia
Idaho
Michigan
Montana
Nevada
New Mexico
North Carolina.
Oregon
South Carolina.
South Dakota..
Texas
Utah
Washington
Alabama
Maryland
Tennessee
Virginia
Vermont
Wyoming ,

Total

57, 286
584, B7()

364, 119
4,702

70, 669
2, 0;J2

172, 989
46, 367
44, 171
2, 593

79. 502
5,998

193, 809

$1, 010, 100
1, 184, 200

12, 080, 000
7, 527, 000

97, 200
1, 646, 900

42, 000

3, 576, 000
958, 500
913, 100
53, 600

1, 645, 300
124, 000

4, 006, 400

41, 293
10, 744

726

853, 600
222, 100

15, 000

0,600
2, 935, 700

470, 100
25, 838, 600

500
3, 910, 700

43, 500
16, 906, 400
1,561,300

458, 400
13,400
11,800

500
140, 400
349, 400

7, 196, 300
152, 700

$12,412
3, 795, 652

607, 806
33, 407, 483

646
5, 056, 259

56, 242
21, 858, 780
2, 018, 651

592, 679
17, 325
15, 257

646
181. .527

451, 750
9, 304, 307

197, 430

905

1, 739, 323 35, 955, OOO 60, 000, 000 77, 575, 757

$1, 022, 512
4, 979, 852

12, 687, 806
40, 932, 483

97,846
6, 703, 159

98, 242
25, 433, 780
2, 977, 151

1, 505, 779
70, 925

1, 659, 557
124, C46

4, 186, 927
451,750

10, 157, 907
419, 530

15, 905

113, 525, 757

PKODUCTIOJf OF SILYER IJf THE UMTED STATES IN 1892.

The former Director of the Mint (Mr. Edward O. Leech) says with
respect to the production of silver in the United States in the calendar

year 1892 {see Production of Gold and Silver in the United States,

1892, p. 15)

:

"From all the reports and data in the possession of this Bureau, I

have estimated the silver product of our own mines for the calendar

year 1892 at 58,000,000 ounces (troy) of fine silver, worth at the aver-

age commercial price of silver during the year ($0-875 per fine ounce),

$50,750,000, and of the coining value of $74,989,900, against a product
for the calendar year 1891 of 58,330,000 ounces of fine silver, worth at

the average price of silver during the year ($0-988 per fine ounce),

$57,630,040, of the coining value of $75,416,565-"

And on page 16 of the same report he continues

:

" In all prior years the aggregate silver product reported by the

agents of this Bureau has exceeded the finished product reported by
private refineries. This year it is less, but I believe that the product
reported by the agent of the Bureau from the different mining States

and Territories more correctly represents the product of our mines for

the calendar year 1892 than the finished product reported by private

establishments, much of which was obtained from ores mined i)rior to

the calendar year 1892, as well as from foreign ores and bullion."

If the Director of the Mint, in 1892, had followed the method in

accordance with which the Bureau's estimate of the silver output of the
country had been made for several years prior thereto, his calculations
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Tears.
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would have shown the silver product of that year, as will be seen fur-

ther on, to have been, in round numbers, 63,500,000 fine ounces, of

the commercial value, at the average price of fine silver during the

year, of $0-8750 per ounce, of $55,562,500, and the coining value of

$82,101,010, instead of, at 58,000,000 fine ounces, of the commercial

value of $50,750,000, and the coining value of $74,989,900.

For a number of years prior to 1892, it had been the custom of the

Bureau, in these reports, to make two separate estimates of the produc-

tion of silver during the year under consideration, and to give their

mean as the approximate silver product of such year. One of these

estimates was obtained by adding together the private refiner's output

of fine metal of domestic origin, the amount of unrefined silver of domes-

tic origin deposited at the mints and assay offices of the United States,

and the exports of silver in copper matte and ores. The other was
reached by the addition of the total deposits of silver at United States

mints and assay offices classified as of domestic production, the exports

of domestic bullion (except mint or assay office bars), the silver exported

in copper matte and ore, the bars of domestic production furnished by
private refineries to manufacturers and jewelers for industrial employ-

ment, and the stock of bars of current years' product (exclusive of bars

bearing the stamp of a United States mint or assay office) held by banks
aiid private refineries at the close of the year; and deducting from the

sum thus obtained the silver in foreign ores and bullion smelted and
refined in the United States and classified at the mints and custom-

houses as of domestic production.

This is the same method that has been adopted by the Bureau for a
series of years in making the estimate of the annual production of gold

in the United States. Previous to 1892 it had never been the practice

of the Bureau to base its estimates of the gold or silver output of the

country on the data furnished by the agents employed by the Mint
Bureau to report on the production of the several States and Terri-

tories, because, as remarked in the Eeport on the Production of Gold
and Silver in the United States, 1891, p. 22—
"However conscientiously the agents selected mayhave performed the

duties assigned them, experience has proven that the tendency to exag-
geration on the part of direct producers is so great, and the sources of
information in many cases so imperfect, as to preclude the possibility of
accepting such reports, in all cases, as correctly exhibiting the product
of the different States and Territories, or in the aggregate the product
of the mines of the United States."

The Bureau's method, described above, of estimating the annual
product of the precious metals in the United States has been univer-
sally commended by the best statisticians of the precious metals.

In the absence of any explanation or reason for such a radical change
in the method of estimating the production of silver in the United
States—a method which has commended itself so strongly to the
minds of the most expert statisticians of the precious metals—^it
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is not only proper, but necessary, to return to the usual practice, and
make a new estimate of the silver product of the United States in

1892 on the same basis as for previous years.

The silver output of the United States, in 1892, is based on the ap-

proximations contained in the two following tables

:

Approximate silver product of the mines of the United States during the calendar year

1892.

Sources, Fine ounces.

Domestic product in fine silver bars reported by private refineries

Unrefined silver of domestic production deposited at mints and assay ofHces
Silver contained in domestic copper and argentiferous matte exported for
reduction (approximate)

Approximate silver product for 1892

58, 786, 831
3,317,933

1, 439, 802

63, 544, 566

Approximate disposition of the silver product of the mines of the United States during the

calendar year 1892.

Disposition. Fine ounces.

Bullion deposited at mints and assay offices classified as of domestic pro-
duction

Domestic bullion (other than U. S. mint or assay office bars) exported from
the United States (custom-house rating at commercial value $19,237,677
corresponding, at the average price of silver during the year, $0,875 per
fine ounce)

Silver contained in copper matte exported from the United States, silver

contents not registered (approximate)
Silver bars of domestic production furnished by private refineries to jewelers
and manufacturers for industrial uses

Total
Deduct:

Fine silver from private refineries in the United States
deposited at the mints or entered at the custom-houses for
exportation as of domestic production, but reported to this
bureau by the private refineries as derived from foreign
ores 14,923,318

Decrease in the approximate stock of silver bars (exclusive
of any bars bearing the si amp of a U. S. mint or assay office)

in the United States, held by the Mercantile Safe Deposit
Company and other institutions at the close of the calendar
year 1892, according to information furnished the Bureau
of the Mint 3,831,472

Total

Approximate domestic silver product for the calendar year 1892.

57, 272, 382

21, 985, 916

1, 439, 802

1,482,915

82, 181, 015

18, 754, 790

63, 426, 225

Taking the mean of the approximate silver product of the mints of

the United States during the calendar year 1892, and of the aj)proxi-

mate disposition of that product, gives the approximate silver output

of the country in that year at 63,485,395 ounces, or in round numbers

63,500,000 ounces, of the commercial value of $55,562,500, and the coin-

ing value of $82,101,010. It thus appears that the product of silver in

the United States in 1892 exceeded that of 1891 (58,330,000 ounces) by

5,170,000 fine ounces, of the coining value of $6,684,444. In what pro-

portion this increase was distributed among the several States and
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Territories is sliown in the following table, which gives the produc-

tion of silver in each for 1891 and 1892, and exhibits the increase or

decrease of the yield in each in the latter year

:

Prodtiction of silver in the United States in 1891 and 1892, and the increase or decrease in
each year, by States and Territories.

states and Territories.

Alaska
Arizona
California
Colorado
Georgia
Idaho
Michi^raii
Montana
Nevada
New Mexico
North Carolina

.

Oregon
South Carolina .

South Dakota...
Texas
Utah
Washington
Alabama
Maryland
Tennessee
Vermont
Virginia
Wjoming

Total

Net increase.

1891.

Fine ounces.
8,000

1, 480, 000
750. 000

21, 160, 000
400

4, 035, 000
73, 000

16, 350, 000
3, 520, 000
1, 325, 000

5,000
320, 000

500
100, 000
375, 000

8, 750, 000
165,000

3,100

58, 330, 000

1892.

Fine ouncen.
8,400

1.161,900
392, 200

26, 632, 300
400

3, 461, 2(10

65, GOO
19, 038, 800
2. 454, 500

1, 176, 700
9, 8U0

54;- 200
400

58, 100

328, 100
8, 490, 800

165, 700

900

Increase.

Fine ounces.
400

63, 500, 000

5, 472, 300

2, 688, 800

4, km'

Decrease.

Fine ounces.

318, 100
357, 800

573, 800
7,400

1, 065, 500
148, 300

175, 800
100

41, 900
46, 900

259, 200

2,200

8, 167, 000

5, 170, 000

2, 997, 000
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Approximate distribution in roundmimhers, by States and Territories, of the estimated total

product ofprecious metals in the United States calendar years 1881 to 1891.

States and Territories.

1881.

Gold. Silver. Total. Gold. Silver. Total.

Alaska
Arizona
California
Colorado
Dakota
Georgia
Idaho
Maine
Montana
Nevada
New Mexico
North Carollua.
Oregon
South Carolina .

Tenne.ssee
[Jtah
Virginia
Washington
Wyoming

Total

.

$15, 000
1. 060, 000

18, 200, 000
3, BOO, 000
4, 000, 000

125, 000
1, 700, 000

$7, 300, 000
750, 000

17, 160, 000
70, 000

2, 330, 000
2, 250, 000

185, 000
115, 000

1, 100, 000

35, 000
5,000

145, 000
10, 000

120, 000
5,000

1, 300, 000
5,000

2, 630, 000
7, 060, 000

275, 000

60,000

6, 400, 000

$15, 000

8, 360, 000
18, 950, 000

20, 4C0, 000
4, 070, 000

125, 000
3, 000, 000

5,000
4, 960, 000
9,310,000

460, 000
115, 000

1, 150, 000

35, 000
5,000

6, 545, 000
10, 000

120, 000
5,000

$150,000
1,065,000

16, 800, 000

3, 360, 000

3, 300, 000
250, 000

1, 500, 000

$7, 500, 000
845, 000

16, 500, 000
175, 000

2, 000, 000

$150,000
8, 505, 000

17, 645, 000
19, 800, 000

3, 475, 000
250, 000

3, 500, 000

2, 550, 000

2, 000. 000

150, 000
190, 000
830, 000

25, 000

4, 370, 000

6, 750, 000

1, 800, 000
25, 000
35, 000

6, 920, 000
8, 750, 000

1, 950, 000
215, 000
865, 000
25, 000

190, 000
15, 000

120, 000
5,000

6, 800, 000 6, 990, 000
15, 000

120, 000
5,000

34, 700, 000 43, 000, 000 77, 700, 000 32, 500, 000 46, 800, 000 79, 300, 000

Alaska
Arizona
California
Colorado
Dakota
Georgia
Idaho
Montana
Nevada
New Mexico
North Carolina
Oregon
South Carolina .

Utah
Virginia -

Washington
Wyoming ,

Other

Total

1883.

$300, 000

950, 000
14, 120, 000
4, 100, 000

3, 200, 000
199,000

1, 400, 000

1, 800, 000

2, 520, 000
280, 000
167, 000
660, 000
56, 500

140, 000
6,000

80, 000
4,000

17, 500

$5, 200, 000
1, 460, 000

17, 370, 000
150, 000

1,000
2, 100, 000
6, 000, 000
5, 430, 000
2, 845, 000

3,000
20, 000

500
5, 620, 000

500

30, 000, 000 46, 200, 000

$300, 000

6, 150, 000

15, 580, 000

21, 470, 000

3, 350, 000
200, 000

3, 500, 000

7, 800, 000

7, 950, 000

3, 125, 000
170, 000

680, 000
57, 000

5, 760, 000
6,000

80, 500
4,000

17, 500

76, 200, 000

1884.

$200, 000
930, 000

13, 600, 000
4, 250, 000
3, 300, 000

137, 000
1,250,000
2, 170, 000
3, 500, 000

300, 000
157, 000
660, 000
57, 000

120, 000

2,000
85, 000
6,000

76, 000

30, 800, 000

$4, 500, 000

3, 000, 000
16, 000, 000

150, 000

2, 720, 000
7, 000, 000
5, 600, 000

3, 000, 000
3,500

20, 000
500

6, 800, 000

1,000

'5,006'

48. 800. 000

$200. 000
5, 430, 000

10, 600, 000
20, 250, 000
3, 450, 000

137, 000
3, 970, 000
9, 170, 000
9, 100, 000

3, 300, 000
160, 500
680, 000
57, 500

6, 920, 000
2,000

86, 000
6,000

81, 000

79. 600, 000

1885. 1886.

Alaska
Arizona
California
Colorado
Dakota
Georgia
Idaho
Montana
Mgyada
New Mexico
North Carolina
Oregon
South Carolina
Utah
Washington
Texas, Alabama, Ten-
nessee, Virginia,Ver-
mont, Michigan, and
Wyoming

$300, 000
880, 000

12, 700, 000
4, 200, 000
3, 200, 000

136, 000

1, 800, 000
3, 300, 000
3, 100, 000

800, 000
152, 000
800, 000
43, 000

180, 000
120,000

90, 000

Total 31,801,000

$2, 000
3, 800, 000
3, 500, 000

15, 800, 000
100, 000

3, 500, 000
10, 060, 000

6, 000, 000

3, 000, 000
3,000

10, 000

6, 750, 000
70, 000

5,000

51, 600, 000

$302, 000
4, 680, OCO

15, 200, 000
20, 000, 000

3, 300, 000
136, 000

5, 300, 000
13, 360, 000
9, 100, 000

3, 800, 000
155, 000
810, 000
43, 000

6, 930. 000

190, 000

95, 000

.$446, 000

1, 110, 000
14, 725, 000

4, 450, 000

2, 700, 000
152, 500

1, 800, 000
4, 425, 000

3, 090, 000
400, 000
175, 000
990, 000

37, 500
210, 000
147, 000

5,000

83,401,000 34, 869, 000

$2, 000

3, 400, 000
1, 400, 000

16, 000, 000
425, 000

1,000
3, 600, 000

12, 400. 000

5, 000, 000

2, 300, 000
3,000
5,000

500
6, 500, 000

80, 000

205, 000

51, 321, 500

$448, 000
4, 510, 000

10, 125, 000
20, 450, (100

3, 125, 000
153, 500

5, 400, 000
16, 825, 000
8, 090. 000
2, 700, 000

178, 000
995, 000
38, 000

6, 716, 000
227, 000

210, 000

86, 190. 500
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Approximate distribution in round numbers, by States and Territories, of the estimated

total product of precious metals in the United States, etc,—Contiuued.

States and Territories.

Gold. Silver. Total.

1888.

Gold. Silver. Total.

Alaska
Arizona
California
Colorado
Dakota
Georgia
Idaho
Michigan
Montana
Nevada
New Mexico
North Carolina
Oregon
South Carolina
Utah ..

"Washington
Texas
Alabama, Tennessee,

Virginia, Vermont,
Michigan, and Wyo-
ming

$675, 000
830, 000

13, 400, 000

4, 000, 000

2, 400, 000
110, 000

1, 900, 000
35, 000

5, 2.30, 000
2, 500, 000

500, 000
225, 000
900, 000
50, 000

220, 000
150, 000

$300
3, 800, 000
1, 500, 000

15, 000, 000
40, 000

500

3, 000, 000
26, 000

15, 500, 000

4, 900, 000
2, 300, 000

5,000
10, 000

500

7, 000, 000
100, 000
250, 000

1,000

$675, 300
4, 630, 000

14, 900, 000
19, 000, 000

2, 440, 000
110, 500

4, 900, 000
61, 000

20, 730, 000

7, 400, 000
2, 800, 000

230,000
910, 000

50, 500

7, 220, 000
250, 000
250, 000

23,000

$850, 000
871, 500

12, 750, 000
3, 758, 000
2, 600, 000

104, 000
2, 400, 000

42, 000
4, 200, 000
3, 525, 000

602, 000
136, 000
825, 000
39, 000

290, 000
145, 000

30, 000

$3, 000
3, 000, OUO
1, 400, 000

19, 000, 000
100, 000

500
3, 000, 000

84, 000
17, 000, 000
7, 000, 000
1, 200, 000

3,500
15, 000

200
7, 000, 000

100, 000
300, 000

500

$853, 000
3,871,500
14,150,000
22, 7.58, 000

2, 700, 000
104, 500

5, 400, 000
126, 000

21. 200, 000
10, 525, 000
1, 802, 000
139,500
840, 000
39, 200

7, 290, 000
245, 000
300, 000

30, 500

Total 33, 147, 000 53, 433, 300 86, 580, 300 33, 167, 500 59, 206, 700 92, 374, 200

Alaska
Arizona
Califiirnia

Colorado
Dakota
Georgia
Idaho
Michigan
Montana
Nevada
New Mexico
North Carolina
Oregon
South Carolina
Utah
Washington
Texas
Alabama, Tennesse e,

Virginia, Vermont,
and Wyoming

Total

1889.

$900, 000
900, 000

13, 000, 000
4, 000, 000

2, 900, 000
107, 000

2, 000, 000
70,000

3, 500, 000
3, 000, 000
1, 000, 000

145, 000
1, 200, 000

45, 000
500, 000
175, 000

25,000

32, 967, 000

$10, 343

1, 939, 393

1, 034, 343

20, 686, 868
64,646

465
4. 395, 959

77, 575
19,393,939
6, 206, 060

1, 461, 010
3,878

38, 787
232

9, 050, 505
103, 434
300, 000

1,293

$910, 343
2, 839, 393

14, 034, 343
24, 186, 868
2, 964, 646

107,465
6, 395, 959

147, 575
22, 893, 939
9, 206, 060
2,461,010

148, 878
1, 238, 787

45, 232

9, 550, 505
278, 434
300, 000

26, 293

64. 768, 730 97, 735, 730

I

1890.

$762, 500
1, 000, 000
12,500,000
4, 150, 000

3, 200, 000
100, 000

1, 850, 000
90, 000

3, 300, 000

2, 800, 000
850, 000
118, 500

1, 100, 000
100, 000
680, 000

204, 000

40, 000

32, 845, 000

$9, 697
1, 292, 929

1, 163, 636
24, 307, 070

129,292
517

4, 783, 838
71,111

20, 363, 636

5, 753, 535
1, 680, 808

7,757
96, 969

517
10, 343, 434

90, 505

387, 878

2,585

70, 485, 714

$772,197
2, 292. 929

13, 603, 0:!6

28, 457, 070

3, 329, 292
100.517

6, 633, 838
161,111

23, 663, 636

8, 553, 535
2, 530, 808

126, 257
1, 196, 969

100, 517
11, 023, 434

294, 505
387,878

42, 585

103, 330, 714

States and Territories.

Alaska
Arizona
California
Colorado
South Dakota .

Georgia
Idaho

,

Michigan
Montana
Nevada
New Mexico
North Carolina.
Oregon
South Carolina.
Utah
Washington
Texas
Alabama, Tennessee, Virginia, Vermont, and Wyoming

Total

1891.

Gold.

$900, 000

975, 000
12, 600, 000

4, 600, 000

3, 550, 000
80, 000

1. 680, 000
75, 000

2, 890, 000
2, 050, 000

905, 000
95, 000

1, 640, 000
125, 000
650, 000
335, 000

25,000

33, 175, 000

Silver.

$10, 343

1, 913, 535
969, 697

27, 358. 384
129, 293

517

5, 216, 970
94, 384

21, 139, 394
4,551,111
1, 713, 131

6,465
297, 374

646
11, 313, 131

313, 334
484, 848
4,008

75, 416, 565

Total.

$910, 343
2, 888, 535

13, 569, 697
31, 958, 384
3, 679, 293

80, 517
6, 896, 970

169, 384
24, 029, 394
6,601,111
2, 618, 131

101,465
1, 937, 374

125, C46
11, 963, 131

548, 334
484, 848
29, 008

108, 591, 565
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Bank of the States and Tei'ritories in the production of gold and silver.

1886.

Rank.



60 - MINERAL RESOURCES.

Rank of the States and Territories in the production of gold and silver—Continued.

1889.

Rank.
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Bank of the States and Territories in the productioti ofgold and silver— Continued.

1892.

Bank.



COPPER.

By C. KiiJCiiiiOFF.

The copper mining and smelting industries of the United States

have been conspicuous during 1893 through their ability, in a time of

wide-spread disaster and suspension of operations, to continue at

work at full capacity with relatively few and unimportant reductions

in wages.

The international arrangement as to exports expired on July 1,

when the pressure of accumulating supplies, through shrinking home
consumption, began to be felt. In the second half of the year, during

which the consumptive requirements in this country sank enormously,

producers found relief—it is true at a sacrifice in prices—through very

heavy shipments of the metal to Europe.

No sensational developments in the direction of the discovery of new
districts, or the collapse of older regions, have taken place. Indi-

vidual mines have prepared for, or are preparing for, an increased

production. The Bessemerizing of copper matte is gaining ground,

and the competition among the electrolytic refining plants is crowd-

ing down charges, nntil as low as IJ cents per pound of copper, 95

per cent, of value of precious metal paid, has been offered. Supplies

have cheajpened, and generally costs have been somewhat lowered,

establishing more firmly the position of American copper producers

as the strongest among those of the world.

DOMESTIC PRODUCTION.

The following table, showing the growth in the production of cop-

per in the United States, is compiled, as far as the years i)revious to

1882 are concerned, from tbe best data available. Since tliat year the

statistics are those collected by this office, with the exception of the

year 1889, when the figures were gathered by the Census OfQce. It

should be stated that the yield of copper from imported ores and of

j)yrites is not here included,

62
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I860

1861

1862

1863

1864

1865

1866

1867

1868

186!)

1870

1871

1872

1873

1871

1S75

1876

1877

1878

1879

1880

1881

1882

1883

1884

18S5

1886

1337

1888

1889

1890

1891

1892

1893

mn

en

Ot%er.

Comparison of the Production of Lake Superior Copper with other
Eegions.
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Production ofooppei' in the United States from 1845 to 1893,

Tears.

1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
185B
1857
1858
1859
1800
1861
1862
1863
1864
1865
1866
1867
18G8
1869

Total
produc-
tion.

Long
tons.

100
150
300
500
700
650
900

1,100
2,000
2,250
3,000
4,000
4,800
5,500
6,300
7,200
7,500
9,000
8,500
8,000
8,500
8.900

10, 000
11, 600

12, 500

Lake
Superior.

Long
tons.

12
26
213
461
672
572
779
792

1.297
1,819
2,593
3,666
4,255
4,088
3,985
5,388
6,713
6,065
5,797
5,576
6,410
6,138
7,824
9,346

11, 886

Calumet
and

Hecla.

Long
tons.

603
2,276
5,497

Percent-
age of

Lake Su-
perior of

total
product.

12.0
17.3
71.0
92.2
96.0
88.0
86.6
72.0
64.9
80.

8

86.4
91.7
88.6
74.3
63.3
74.8
89.5
67.4
68.2
69.7
75.4
69.0
78.2
80.6
95.1

Years.

1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Total
produc-
tion.

Long
tons.

12, 600
13,000
12, 500
15, 500
17, 500
18, 000
19, 000
21, 000
21, 500
23, 000

27, 000
32, 000
40, 467
51, 574
64, 708

74, 052
70, 430
81, 017

101,054
101, 239
115,966
126, 839
154, 018
147, 033

Lake
Superior.

Long
tons.

10, 992
11, 942
10, 961
13, 433
15, 327
16, 089
17, 085
17, 422
17, 719
19, 129
22, 204
24, 363
25, 439
26, 653

30, 961

32, 209
36, 124
33. 941
38, 604
39,364
45, 273
50, 992
54, 999
50, 270

Calumet
and

Hecla.

Long
tons.

6,277
7,242
7,215
8,414
8,984
9,586
9,683

10, 075
11, 272
11, 728
14, 140
14, 000
14, 309
14, 788
18,069
21, 093
22, 553
20, 543
22,453
21. 727

26, 727

Percent-
age of

Lake Su-
perior of

total
product.

87.2
91.9
87.7
86.7
87.6
89.4
89.9
83.0
82.4
83.2
82.2
76.1
62.9
51.6
47.8
43.5
51.3
41.9
38.2
38.7
38.9
40.2
35.7
34.2

In detail the production of copper territorially distributed has been

as follows since 1883

:

Total copper production in the United States, 1883 to 1893, inclusive.

Sources.

Lake Superior
Arizona
Montana
New Mexico
California
Utah i

Colorado
Wyoming
Nevada
Idaho
Missouri
Maine and New Hampshire

.

Vermont '.

Southern States
Middle States
Lead desilverizers, etc

Total domestic copper . . . .

.

From imported pyrites and ores..

Total (including copper
from imported pyrites) .

.

1883.

Pounds.
59, 702, 404
23, 874, 963

24, 664, 346
823,511

1, 600, 862
341, 885

1, 152, 652
962, 468
288, 077

260, 306
212, 124
400, 000
395, 175
64, 400

782, 880

115, 526, 053
1, 625, 742

117, 151, 795

1884.

Pounds.
69, 353, 202
26, 734, 345
43, 093, 054

59, 450
876, 166

265, 526
2, 013, 125

100, 000
46, 667

230, 000
249, 018i
655, 405*

317, 711'

2,114
950, 870

144,946,653
2, 858, 754

147, 805, 407

Pounds.
72, 147, 889
22, 706, 366

67, 797, 864
79, 839

469, 028
126, 199

1, 146, 460

8,871
40, 381

211, 602

40, 199
190, 641

910, 144

165, 875, 483
5, 086, 841

170, 962, 324

1886.

Pounds.
80,918,460
15, 657, 035
57, 611, 621

558, :-'85

430, 210
500, 000
409, 306

50, 000

315, 719

29, 811

1, 282, 496

157, 763, 043
4, 500, 000

162, 263 043

1887.

Pounds.
76, 028, 697
17, 720, 462
78, 699, 677

' 28-.!, 664

1, 600, OO'J

2, 500, 000

2, 012, 027

200. 000

2, 432, 804

181, 477, 331

3, 750, 000

185,227,331



COPPER.

Total copper production in the United States, e<o.^Continued.

65

Sources. 1889. 1890. 1891. 1892. 1893.

Lalce Superior
Arizona
Montana
New Mexico
California
Utah
Colorado, including cop-

per smelters (a)

"Wyoming
Nevada
Idaho
Washington
Maine and New Hamp-

shire
Vermont
Southern States
Middle States
Lead desilverizers, etc—

Total domestic cop-
per

From imported pyrites
and ores

Pounds.
86, 472, 034
31, 797, 300

97, 897, 968
1, 631, 271

1, 570, 021

2, 131, 047

1, 621, 100
232, 819
50, 000

50, 000

Pounds.
88, 175, 675
31, 586, 185

98, 222, 444
3, 686, 137

151, 505
65, 467

1, 170, 053
100, 000
26, 420

156, 490

Pounds.
101, 410, 277
34, 796, 689

112, 980, 896
850, 034
23, 347

1, 006, 636

Pounds.
114, 222, 709
39,873,279

112, 063, 320

1, 233, 197

3, 397, 405

1, 562, 098

Pounds.
123, 198, 460
38, 436, 099

163, 206, 128
1,188,796
2, 980, 944
2, 209, 428

Pounds.
112, 605, 078
43, 902, 824

155, 209, 133
280, 742
239, 682

1, 135, 330

3, 585, 691 6, 336, 878 7, 593, 674 7, 695, 826

87, 243

> 271, 631

18, 201

'2," 618," 074

72, 000

18, 144

"3,'345,'442

378, 840

4, 643, 439

146, 825 226, 000

296, 463

4, 989, 590

467, 448

5, 491, 702

226, 361, 466

4, 909, 156

226, 775, 962

5, 190, 252

I

259, 763, 092 284, 119, 764

6, 017, 041 11, 690, 312

Total (including
copper from im-
ported pyrites) 231, 270, 622 231, 966, 214 265, 780, 133

344, 998, 679

8,277,063

295,810,076 353, 275, 742

20, 000
36, 367

39, 785

732, 793

7, 456, 838

329, 354, 398

7, 723, 387

337, 077, 785

a Copper smelters in Colorado, purchasing argentiferous copper ores and mattes in the open market,
sources not known. The quantity of Montana matte which goes to one of these works has been
deducted.

The available supply of copper for the domestic markets may be

computed as follows:

Supply of copper 1891, 1892, and 1893.

Production of domestic copper
Imported ores and pyrites
Imports of pigs, hars, ingots, and old copper.

.

Total
Exports

:

Ingots and hars
Estimated fine copper contents of matte..
Ee-exports copper in foreign ore
Ee-exports foreign pig bars, andold copper

Total

Available supply

1891.

Pounds.
284, 119, 764
11, 690, 312
3, 154, 557

298, 964, 633

69, 279, 024
50, 000, 000
2, 082, 708

534, 949

121, 896, 681

177, 067, 952

1892.

Pounds.
344, 998, 679

8, 277, 063
1, 552, 515

354, 828, 257

30, 515, 736
66, 000, 000

707, 739
1, 274, 410

98, 497, 885

256, 330, 372

1893.

Pounds.
329, 354, 398

7, 723, 387

5, 536, 690

342, 614, 475

138, 984, 128
50, 000, 000

2, 019, 821

191,003,949

151,610,526

Since the establishment of the arrangement between the European

and American companies careful monthly statistics have been com-

piled, the American statistician being Mr. John Stanton, of New York.

The European companies include the principal producers of the

Peninsula, Germany, the Oape, Australia, Venezuela, and Mexico.

According to the returns thus collected, the monthly production of

copper in the United States since July, 1892, has been as follows, the

first column giving the aggregate returns from the reporting mines,

MiN 93 5
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whicli include the principal Lake, Montana, and Arizona producers;

the second, being the metals from pyrites and from a number of smaller

outside sources, is estimated

:

American product.

Tears and months.

1892.

Jniy
Axignst
September

.

October
November .

December .

Total

.

1893.

January .

.

February.
March
April
May
June

July
August
September

.

October
November .

December.

.

Keport-
ing

mines.

Long tons.

9,294
10, 807
9,710
9,668
9,888
9,872

59, 239

9,187
8,213
9,065

11, 775
12, 706
11, 524

Outside
sources.

Long tons.

924
870
994

1,289
1, 036

1,174

6,287

Total last six months.

Total year 1893 .

1894.

January .

.

February

.

March
April
May

11, 049
11, 745
11, 750
11, 503
10, 705
10, 538

67, 290

129, 760

!), 832
10, 245
13, 759
12, 475
12, 668

989
1, 042
1,321
1,042
1,042
1,042

1,042
1,042
1,042
1,042
1,042
1,042

Total.

Long tons.

10, 218
11, 677
10, 704
10, 957
10, 924

11, 046

65, 526

10, 176
9,245

10, 386
12, 817
13, 748
12, 566

12, 091
12, 787
12, 792
12, 545
11, 747
11, 580

6,252

12, 730

1,340
1,340
1,340
1,340
1,340

73, 542

142, 490

12, 172
11,585
15, 099
13, 815
14, 008

The product of the foreign reporting mines was as follows:

Foreign reporting mines.

Tears and months.

1892
Jrfy
August
September
October
November
December

Total

1893
January
February
March
April
May
June

Long tons.

6,358
6,888
5,478
6,476
6,789
7,666

39, 655

5,736
6,762
6,896
6,913
6, 806
7,935

Tears and months.

1893.

July
August
September
October
November
December

Total last six months
Total 1893

1894.

January
February
March
April
May

Long tons.

6,095
7,057
6,303
7,081
6,953
7,248

40, 737
81,785

8,145
7,217
6,922
7,385
8,013
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The exports of fine copper from the United States were as follows

:

United States exports.

Tears and months.

1892.
Jnly
August
September
October
November
December

Total

1893.

Jantiary
February
March
April
May
Jvuie
July

Long tons.

3,450
1,545
1,458
3,144
3,897
4,486

17, 980

3,171
1,815
2,334
3,450
4,482
5,109
7,181

Tears and months.

1893.

Angust
September
October
November
December

Total first six months.
Total last six months .

Total year 1893

1894.
January
February
March
April
May

Long tons.

9,127
16,131
11, 478
7,821
8,293

20. 361
60,031

80, 392

7,717
5,590
7, 137
6,209
6,140

The following is, in detail, the output of the Lake Superior mines, as

reported by the companies, from 1884 to 1890

:

Production of Lake Superior copper mines, 1884 to 1890.

Mines.
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The permission to publisti the report of the Calumet and Hecla Com-

pany for the years 1891, 1892, and 1893 has not been given. The follow-

ing table, therefore, records only the output of the other leading pro-

ducers in that district:

Production of Lake Superior copper mines in 1891, 1892, and 1893.

Mines. 1891. 1892. 1893.

Tamarack ...

Quincy
Osceola
Frantlin
Atlantic
Kearsarge ...

Peninsula ...

Copper Falls
Huron ,

Allouez
Central
Centennial...

Pounds.
16, 161, 312
10, 542, 519
6, 543, 358
4, 319, 840

3, 653, 671

1, 727, 390

1, 599, 670
1, 427, 000

1, 257, 059
1, 241, 423
1, 237, 500

531, 983

Pounds.
16, 426, 633
11,103,926
7, 098, 656

3, 769, 605

3, 703, 875

1, 467, 758
973, 217

1, 350, 000

461, i99

546, 5J0
1,625,982

106, 801

Pounds.
15, 085, 113
14, 398, 477
6, 715, 870

3, 504, 244
4,221,933
1, 627, 030

750, 000
562, 776

1, 180, 040

THE LAKE SUPERIOR MINES.

To the Quincy mine the year was chiefly eventful through the

purchase of 640 acres of land adjoining the mine and containing at

greater depth the mineral deposit which it is now working, known as

the Pewabic vein. An issue of new stock, payable in installments,

was made, sfnd $150,000 was paid out of the earnings of the year on

account of the purchase. When the hoisting and stamping equip-

ment has been proportionately increased it is expected that the

earning capacity of the mine wiU be doubled. During the year 1893

the mine produced 17,708,035 pounds of mineral, yielding 14,398,477

pounds of refined copper, which yielded $1,508,631.51, while the sil-

ver sold for $2,407.55. The running expenses at the mine were

$740,362.01; the building and construction account was $74,930.78, and

the smelting, freight, and other expenses were $202,347.15, leaving

as a mining profit $493,399.12. Adding interest and other receipts

the earnings were carried to $511,213.70, out of which dividends ag-

gregating $300,000 and $150,000 purchase-money were paid. This car-

ried the balance of assets up to $714,424.49.

Operations of the Quincy copper mine, Lake Superior,

1889. 1890. 1891. 1892. 1893.

Rock mined tons..

Eock hoisted do
Rock stamped do
Product of stamp material. . .pounds.

.

Product of masses do....
Total refined copper do
Earnings

167, 077
123, 998
117, 875

6, 641, 785
1, 178, 225
6, 405, 686

$182, 601. 14

187, 244
168, 017
165, 140

7, 262, 485

2, 740, 365
8, 064, 253

$596, 677. 60

276, 336
269,817
263, 678

8, 649, 585
4, 177, 490

10, 542, 519

$414, 970. 39

349, 400
327, 849
323, 051

8, 639, 670

4, 982, 145

11,103,926
$296, 195. 25

451, 354
429, 587
422, 239

11, 765, 040

5, 942, 995
14, 398, 477

$511,213.70
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The Tamarack, althoiigli it produced less in the calendar year 1893

than in 1892, continued its prosperous career. During the fiscal year

ending July 1, 1893, the company took from conglomerate workings

369,367 tons of rock, and there was stamped 345,925 tons, which yielded

21,976,368 pounds of mineral, which at 73.08 per cent, afforded

16,061,106 pounds of ingot. This makes the percentage of refined cop-

per in the stamp rock 2.32 per cent. The receipts were $1,857,274.20,

while the costs were $852,090.31 for the running expenses at the mine

and $284,062.07 for smelting, freight, etc., leaving a mining profit of

$721,121.82. The construction costs included $14,756.45 for the old

mine and stamp mill, $68,351.12 for Ko. 3 shaft, section 11; $67,120.14

for No. 4 shaft and $2,701.0^ for engine and shaft equipments, a

total of $152,928.77. To this is added a balance of $39,195.53 available

for these purposes, leaving $607,388.58 as profit, out of which dividends

aggregating $600,000 were paid, making the total $3,470,000. The

balance of assets on June 30, 1893, was $828,452.96. The total share

capital paid in was $1,520,000. The construction expense on the

old mine was $944,938.20. On No. 2 shaft $200,873.15 was spent.

Nos. 3 and 4 shafts, in section 11, which are to open the deposit in

greater depth were down, at the end of the fiscal year, 3,312 feet for the

former and 3,117 feet for the latter. Their cost thus far has been

$539,457.33. Captain Daniell reported in August last that he expected

to strike the conglomerate in less than a year. The rate of sinking in

the fiscal year 1892-'93 was 1,100 feet for No. 3 and 1,050 feet for

No. 4. Exploration work in depth has gone in on the Osceola amyg-

daloid with favorable results. The Tamarack stamp mill, besides

crushing 345,925 tons of its own rock, also treated 55,511 tons for the

Kearsarge. The cost of stamping and washing the 401,436 tons was

32.836 cents per ton. The cost of the refined copper at the mine was

5.31 cents, the cost of smelting, freight, etc., was 1.77 cents, and the

cost of construction was 0.95 cent, making a total cost per pound of

8.03 cents.

The Osceola produced somewhat less copper in 1893 than in 1892.

There was hoisted 266,740 tons of rock, of which 236,875 tons was sent

to the mill, producing 7,243,675 pounds of copper, in addition

to which 625,756 pounds of mass and barrel work was obtained

making a total of 7,869,431 pounds. At 85.34 per cent, this afforded

6,715,870 pounds of copper. The cost per ton of rock hoisted

was $1.83, and per ton of rock stamped, which yielded 1.42 per cent, of

fine copper was $2.06. The cost of stamping was 34.92 cents per ton.

A sixth stamp was added to the mill during the year. The income was

$739,135.40, the copper having sold at an average of 10.95 cents. The

running expenses at the mine were $487,250.23; the smelting, freight,

and selling expenses were $104,449.08, and the outlays on mine plant

were $44,989.54, leaving a net income of $102,446.55. Out of this div-

idends aggregating $100,000 were paid, making the total to date
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$1,847,500. The balance of assets in January, 1893, including

$230,764.50 cash, and bills receivable were $267,183.07. The cost in

1893 compared as follows with previous years

:

Cost of refined co^jaer at the Osceola mine.
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During the year 1893 the mill stami)ed au average of 1,021 tons

of rock per day, crushing in all 315,670 tons, which yielded 5,558,370

pounds of mineral, or 4,221,933 pounds of refined copper, thus show-

ing a yield of 13.375 pounds per ton, or 0.669 per cent. The income

was $455,500.30, while the mine expenses were $340,040.21; smelt-

ing, freight, insurance, $57,514.56; thus showing a gi-oss profit of

$57,945.53, to which was added $5,463.63 for the sale of timber and
timber lands. The building of a railroad to the new mill site, the pur-

chase of lands and the preparation of the mill site, with some con-

struction at the mine, however, absorbed $108,288.84, so that the sur-

plus account was drawn down to $250,636.02. It is estimated that

about $100,000 will be required to finish the new mill.

Developments in the Central mine during 1893 have not been favor-

able, exj)lorations beyond the slide having shown nothing but poor

ground. The mine yielded 1,116,700 pounds of stamp copper, 212,640

pounds of barrel copper, and 187 masses weighing 275,250 pounds, a

total of 1,604,590 pounds of mineral which yielded 1,180,040 pounds of

refined copper. This sold at an average of 10.42 cents -per pound. The
working of the mine showed a deficiency of $49,392.66, reducing the

surplus to $127,838.33.

The Franklin expended considerable money in 1893 in repairs and
improvements and carried on exploration work quite' vigorously.

Through the falling off in the grade of the rock from 1.529 per cent, of

refined copper in 1892 to 1.402 per cent, in 1893, the product was
decreased. There were stamped 124,890 tons of rock, yielding 4,225,188

pounds of mineral, equal to 3,504,244 pounds of refined copper. The
mine expenses were $250,509.49, the outlays for smelting, freight,

insurance, etc., were $48,229.35, and the costs of construction and
exploration $44,029.11. The total receipts were $352,667.78, leaving

a profit of $9,899.83. A dividend of $80,000 was paid by drawing on

the surplus fund of $344,020.05.

MONTANA.
The Anaconda did not in 1893 repeat its record of 1892, when

100,000,000 pounds of copper were produced; in fact, its yield in

1893 was only a trifle over 75,000,000 iDounds, or about one-half of its

capacity, running full all the year around. The only important ad-

ditions to plant made was the enlargement of the old Bessemerizing

works to 24 converters and the building of a new plant for 24 con-

verters. In the spring of 1894, however, the Anaconda resumed pro-

duction at its maximum rate.

The last annual report of the Boston and Montana Company covers

a period of eighteen months, a change from the former fiscal year to

the calendar year having been made. It was a period of the comple-

tion of the transfer o± smelting operations to the new concentrating

and smelting works at Great Falls. Under the circumstances it is
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somewhat difficult to figure the cost of productiou during the period

under review, and, even if deduced from the published data relating

to expenditures, the result does not correctly reflect the capacity of

the concern for making cheap copper. The running expenses at Butte

and Great Falls were $3,155,956.06, and the total outlay for freight,

commissions, taxes, and refining footed up to 11,078,493.56, a total

of $4,234,449.62. The shipments in matte and copper from Butte and
Great Falls aggregated 50,296,540 pounds, thus indicating a cost of

8.4 cents per pound, exclusive of any credit for the precious metals.

The receipts for product were $5,078,725.47, leaving a mining profit of

$844,275.85. IS'ew stock to the amount of $625,000 was sold. During
the year $211,000 of bonds were redeemed and canceled, leaving out-

standing $521,000 of the first issue, $335,000 of the second issue, and
$600,000 of the third, a total of $1,456,000, on which 7 per cent, interest

is paid. From 1888 to 1891, inclusive, the company paid $2,075,000 in

dividends. Prior to July 1 the construction expense at Great Falls

was $1,485,275.35. During the eighteen months there was added
thereto $553,694.99, so that the plant, now practically complete, stands

at $2,038,970.34, which is not included in the assets.

The mines produced 331,630 tons, the Mountain View contributing

108,816^ tons, the Pennsylvania 98,726 tons, and the Colusa 118,968^

tons. Of this quantity 99,305 tons were treated at the Butte works,

now abandoned, whioh yielded 19,304,057 pounds of copper, an average

of 9.72 per cent, in 1893 against 9.176 per cent, in the previous year.

The silver contained in the matte and ore shipped was 236,840 ounces

and the gold 513.35 ounces. Captain Couch estimates the reserves

at 150,000 tons in the Mountain View, 30,000 tons in the Pennsylvania,

175,000 tons in the Colusa, and 250,000 tons in the block of 400 feet of

ground between the Mountain View and the Colusa. He speaks in

strong terms of the performance of the Eiedler pump at the Leonard
shaft. He advocates the sinking of a new shaft between the Mountain
View and the Colusa.

Mr. Frank Klepetko, the superintendent of the Great Falls plant,

reports that there were smelted, from July 1, 1892, to January 1, 1893,

the equivalent of 46,230 tons of ore, which yielded 4.389,143 pounds of

copper, or 4.75 per cent. During the first six months of 1893, 73,691

tons were treated, yielding 7.05 per cent., and during the second half of

the year 99,037 tons, yielding 9.4 per cent. The total smelting for the

eighteen months has been equivalent to 218,958 tons of ore, from
which there were produced 33,398,915 pounds of cojiper. The inventory

of copper on hand in ore and in material in process showed 6,584,830

pounds, of which over 2,500,000 were in the form of rich ore in reserve.

The additions to this plant include two Victor turbines of 2,300

horse power, a Tod blowing engine for the converter plant, three blast

furnaces, an eighth tilting reverberatory furnace, and additional

converters, which bring the total up to fourteen, with a monthly
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capacity of 5,500,000 pounds, whicTi miglit possibly be pnslied to

7,000,000. Three refiuing furnaces have been built, with a capacity of

14 tons daily, each. The electrolytic refinery, which was planned for

a capacity of 1,000,000 pounds monthly, is producing at the rate of

1,600,000 pounds monthly. An air-compressing plant is being added
to the electrolytic works for the purpose of forcing solutions to a
higher level for circulation.

The Montana Ore Purchasing Company is the most important addition

to the list of producers in 1893, and is making further preparations to

enlarge. The small blast furnace is to be replaced by a larger one capa-

ble of smelting 150 tons per day. The present calcining plant of two
O'Hara furnaces is to be expanded by two turret roasters of special

design. The two 21^-foot reverberatory furnaces have worked excep-

tionally large charges, the record being 95,000 pounds. The works
have two converter stands, so that with five converters two are kept

constantly blowing, i^ew boilers and a new engine are being put in,

and the bin capacity is being enlarged, so that the present capacity

for producing about 1,300,000 pounds of copper monthly will be consider-

ably increased by the fall. At the Glengarry mine a hoisting plant is

to be put in to reach a depth of 1,000 feet. A trestle will connect it with

the Liquidator concentrating mill, whose capacity is to be increased

jfrom 180 tons to 250 tons per 24 hours.

Early in 1894 the Williams smelter was partly burned down, but is

again being rebuilt.

A very promising copper camp has been developed in 1893 in Soap
Gulch, near Melrose, about 28 miles from Butte. As yet no ore ship-

ments of moment have been made.

Montana's proportion of the copper product.

Teara.



74 MINEKAL RESOUKCES.

The United Verde lias also put in a Bessemerizing plant, not yet

completed, and the building of a railroad to the mines is in contem-

plation.

The construction of the railroad to Globe is progressing, so that soon

the Old Dominion, whose mines are showing up very well, will be in

position to produce copper at considerably lower cost, the long haul on

fuel and the transportation of product having been very costly.

The Arizona Copper Company has put up a leaching plant. The

Detroit, at Clifton, is leaching the middlings from the concentrator.

The Commercial Mining Company is .doing little work.

TENNESSEE.

Mr. Titus Ulke reports as follows : The Ducktown Sulphur, Copper

and Iron Company commenced work in 1891, and in 1892 opened the

Mary mine and built the Herreshoff smelter at Isabella, 3 miles south

of Ducktown, Tennessee. In January and February, 1893, the com-

pany sold 200 tons of matte, representing 100 tons of metal copper.

During the remainder of the year 538 tons of matte were sold, contain-

ing 216 tons of copper. This matte was produced in June, July,

September, and December. There were also shipped from the works

bars of 97J per cent, blister copper, representing 3^ tons of the metal.

Since the end of the year 1893 the smelting plant and mine have been

in continuous operation, and the company is now engaged in enlarging

the plant. At the Mary mine the average daily output was over 150

tons of ore, consisting, after sorting, chiefly of pyrrhotite mixed with

some copper pyrite in a hornblendic gangue. It contains about 3^ per

cent, of copper, traces of silver and gold, 28 per cent, sulphur, 11 per

cent, silica, 45 per cent, iron, and the balance is lime, alumina, etc. This

ore is roasted in the open air in heaps of 150 to 200 tons, the roasting

lasting two months generally, and the roasted ore averaging 10 to 12

per cent, sulphur. There are at present some 60 heaps in operation.

Besides heap roasting, the comi^any possesses 60 shelf or smalls

burners, in which the mine smalls are treated. Each burner of 6 shelves

roasts IJ tons per twenty-four hours down to the desired degree of

desulphurization, usually to below 8 per cent, sulphur. The sulphur in

the ore is not utilized for acid manufacture. In twenty-four hours the

furnace roasts 3 charges of 1,000 pounds each. The roasted ore, with

the necessary amount of qu?artz, is charged to the Herreshoff furnace

which is capable of smelting 300 charges and more of 950 j)ounds

each, with 16 per cent, of coke per twenty-four hours. The above

charge of about 120 to 140 tons of ore per day produces about 6 to

7 tons of 50 per cent, matte, and a slag averaging 0.7 per ceut. of

copper.

The Pittsburgh and Tennessee Copper Company, according to the

report of the superintendent, Mr. Carl Henrich, has been prospecting



COPPER. 75

the lower levels of some of tlie pyrrhotite deposits of Ducktown for the

last two years. The company is at present opening the old "Polk
County mine," below the " black copper zone," worked thirty years since,

and is building large roasting and smelting works. It is expected

that the smelter will be running in July, 1894. It will then treat

about 150 tons of ore per day running from 3 to 3f per cent, of copper.

The London Coal and Iron Company in 1893 shipped iron ore from
their mine at Isabella, but not any copper ore, although much oxidized

copper ore was formerly obtained from the same mine in pockets in the

gossan.

Among the refining plants of the country the latest addition is the

works building at S«,lt Late City, Utah, by Posey, Green & Co., which
is to depend chiefly upon the Copperopolis and Copper Mountain groups

of mines in Utah and the Nancy Hanks group in Nevada. A Besse-

mer and an electrolytic plant are embraced in the undertaking.

IMPORTS.

The imports of fine copper contained in ores, and of regulus and
black copper, and of ingot copper, old copper, plates not rolled,

rolled plates, sheathing metal, and manufactures not otherwise speci-

Jied, and of brass are given in the following tables:

Fine copper contained in ores, and regulus and Made copper imported and entered for con-
sumption in the United States, 1867 to 1S93, inclusive. -

Tears ending

—
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Copper imported and entered for consumption in the United States, 1867 to 189S, inclusive.

Tears ending—
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The source of the imports of fine copper in ore into the United
States during 1893 is shown in the following table:

Imports of fine copper in ore in 1893.

Countries from which imported.

Spain
Dominion of Canada:

Nova Scotia, New Brunswick, etc
Quebec, Ontario
British Columbia
Newfoundland and Labrador

Mexico
Venezuela
All other countries

Total

Quantity. Value,

Pounds.
166, 870

1,344
4,795,704

7,790
1,788,261

639, 606
257, 112

66, 700

7, 723, 387

$11, 680

48
307, 000

778
91,099
41, 201
12, 570
3,612

467, 988

The above table includes 467,372 pounds which were either re-ex-

ported or entered in bonded warehouses and not withdrawn during

1893, so that the actual amount of imported fine copper contained in

ores consumed ia the United States in 1893 was 7,256,015 pounds, as

given in the table on page 75.

EXPORTS.

The exports of copper in the form of ore (including matte), ingot cop-

per, and manufactured copper for a series of years have been as follows

:

Copper and copper ore of domestic production exported from the United States, 1864 to

[Cwts. axe long hundredweights of 112 pounds.]
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In detail the exports of copper in bars and ingots, which increased

so enormously in 1893, are shown in the following table:

Exports of copper iars and ingots.

Countries to wMcli exported.

TTnited Kingdom
Germany
France
other countries in Europe
Otlier countries

Total

1893.

Pounds.
42, 649, 832
17, 677, 887
27, 960, 646

49, 914, 487
781,276

138, 984, 128

1892.

Pounds.
3; 086. 927
6, 055, 682
9, 721, 467

11, 502, 454
149, 206

30, 515, 736

It is assumed, although nothing definite is known in the copper

trade, that a large part of the metal exported to "other countries in

Europe" went to Eussia.

The exports of ore and matte during 1893 are reported as follows

by the Bureau of Statistics of the Treasury Department

:

Exports of copper matte and ore in 1893.

Months. Baltimore. Boston. IN'ewTork.

January
February .

,

March
April
May
June
July
August —
September
October . .

.

November ,

December.

.

Total.

Long tons.

2,205
10

Long tons.

1,907
3,631
1,179

304

9,236

15

403
203

Long tons.

1,891
1,275
2,549
3,673
2,310
5, 951
2,952
2,821
3,401
2,020
1,707
1,345

31, 895

It is estimated that the 41,752 long tons thus reported contained

50,000,000 pounds fine.
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The following table summarizes the highe^st and lowest prices ob-

tained for Lake copper monthly in the New York markets from 1860

to 1893, both inclusive

:

Highest and lowest prices of Lalce Superior ingot copper, hy months, from 1860 to 1893.

[Cents per pound.]

Tears.

January.

W

February. March. April. May. June.

1860
186]

1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

24
20
28
35

41i
50^
42

29i
23J
26^
22
22|

28i
35
25

23^
23^

19i
17|
16
25

19J
20f
18i
15

Hi
iif
12
17-1*0

17i
Ui
15
11

12i

23J
19
27
31
39
46
38
27
21^
23|

21

J

22

24|

21i
23
19

17i
15^
21*

19i
20i
18

145
lOf
11§
Hi

14i
14f
lOJ

12i

24

19J
28
37
42
46
38
27|
24:

27

21i
22|

28t
35
25
22|
22|

20i

15^

24i
19*
20^

17}
15^

"J
llf
Hi
16k
16|

14i
14|
10|

12i

23|
19
25
35

414
44

35i
27i
22i
26

20}

21i
28J
34

24i
21i
22^
19^m
15i
24

19i
19

17f
1^
lOJ
Hi
lOi
16
161

i4

lOi
12

23|
199-

25
37
421

44|
35^

27J
24
26|
20a

22

30i
35

24f
21J
224

19im
15|
24
19|

19i
HI
15

HJ
Hi
lOi
16^^,

15|
144

Hi
12
12

23

19i
23
31

41i
34

29i
24
234
24
19

21i
2^
341
24

21i
22
19
16|
15|

22f
19

18f
Hi
1^
lOf
llf
lUf

15ig
15
14
13|
10|
111

23^
19|
23
31
44
35
30

24i
24i
24
19|

21f
44

34J
25
21|

22f
19i
17
16

22i
19

18J
16
15

Hi
Hi
10 J

16^^
16

14i
13a

12

Hi

23
19

21J
30

42J
34

28^

23i
231

23i
19i
21i
30i
33i
24J
21i
22

19i
16|

15J
24
18|

17f
15i
14i
lOA
lit
10
16

15i
14i
13*
111
Hi

28i
19J
21i
30i
44
34
31

24i
244

24i
19^

21f
42

33J
25
231

22J
19i
16i
16i
21
18|

18i
16

14i
Hi
Hi
10

16|

12i
15i
13a

12i
Hi

22i
19J
20|
30
43
30
29
24
24

23i
19

21i
36
32
241

22f
21
19

16i
16
18

18i
18
15|

10
91s

16J

12

lit
]2|
12
11

22J
19
23
30*
49"

30|
33

24i
24

23J
20|

21i
34i
3li

24f
23
21

19f
16f
161
184
18i

18i
15|
l-ti

Hi
lOi
101

16Jj

12i
16|
13

HI
11

21|
18
2U|
30
44

28i
31
24
234
22^

19

21i
33

29J
24i
23

19i
19

16i
16i
17f
16J
18
15
14
11
10
10
16,«,
12"

15i
121
Hi
10|
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Higliest and lowestprices of Lake Superior ingot copper, etc,—Continued.

Tears.

1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870,

1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882,

1883
1884
1885
1886
1887
1888.

1889.

1890.

1891.

1892.

1893.

July.

21|
18
24i
32"

55
30i

33i
26

24i
22i
20^
22i

34
29
24i

23
20
191
161

16^
185
104
181

lf,J

14J
Hi

lOf

12

17i
12|
111
lOi

21J
17i
22^
29
49
28
31
24

23i
21s
20*
2l|
33
26|
20

22f
19i
19
16
16

18i
16'

18J
15

13J
10|
10

lOi

16Jt
12

16J

Hi
lOi

August. September. October. November. December,

21i
19

24i
31

524
32
31

26i
24i

21j

23
35
274
21

194
19
16

16|

16|
181

15
14

Hi
lOi
10;

17
12

12t
111

214
171
24
29
50
304
30
25|
24

215
204

22J
324
27
19
23

181m
16
16
19

16|
184
15

13J
11

10
lOf
163
12
17
12
IIt't

22

20i
27

32i
524
32|
314

27i
24
23

214

23i
35i
27

21i
2^
21

184

16i
17

18i
]5i
134
114
Hi
11

17^
12
17

124

2U
19

24i
31

314
30|

26i
23|
22
20|
224
33

254
21

234
18|
17|
16

16i
18J
16|
18

154
13

1041
lOi
lOf

16i%
11
17

124
HA

22

20i
32|

34i
48
33
31

26|
24

22|
21|
23|
34|
2.54

22i
23i
21i
18
16

214

18i
18*

18i
15i
134
H4
111
12,-;m
11

16f
12J
HI

214
20
27

32i
47
324
301
22|
23
22
214

23i

f^24
21i
23
204
171
154
18

18|
18
18

154
12|
30,;l

H4
10 1^;

17/,
11

16|

214
224
32|
384
49

454
30|
23
24
224
23§

24i
32i
24
23|

23i
204

17|

15J
21|

15
13

Hi
12

1441

17?

13i
16|
114
12
lOi

20i
20i
304
344
47
33
264
221
224
22
21|

23i
30|
21

22i
23
20

171
154
21

18|
184
18

14|
124
104

Hi
HM
171

Hi
16|
11
111

tn

20J
27

314
38|
50

454
29
23
244
22
22|
27

324
25

23i
23t
20
171
16
214
194
20*
18^

15

124
114
124

17J
17A
144
16
114

12t
104

19|
22i
304
384
484

39i
264
214
23}
214

22i
244
304
23

23i
23J
19|
17*
15|
21

i
Hf,
Hf
I44e

n^i
14
15
104
124
lOS

The prices actually realized differ, of course, from the averages of

these quotations. For a number of years they are recorded in the fol-

lowing table, the quantities sold being added.

Prices realized for lake copper from 1888 to 1893.

Mines.
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In the case of the Quiucy and the Franklin, the price is figured

from the product and the gross amount received without any data

concerning the stock at the beginning of the year.

As covering the longest period, the report of the yearly sales of the

Osceola are the most interesting in showing the fluctuations in the price

of Lake copper. Since 1874 the sales of this company have been as

follows

:

Sales of copper and average prices by the Osceola Mining Company, 1874 to 189S.

Tears.

1874
1875
1876
1877
1878
1879
1880
1881
1882
1883

Sales.
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The year opened quite auspiciously with Lake copper ranging

between 12.25 cents and 12.50 cents, but the English market experi-

enced a drop of nearly £2 on the discovery that about 3,300 tons of

old syndicate copper had been found hidden away in France. During

February the market softened, and American producers made persist-

ent efforts to market metal in Europe. Home consumption was begin-

ning to show signs of languor. In March the growing stringency in

the money market affected holders adversely and was little influenced

by the announcement that a syndicate had taken over 12,000 tons

for a large holder who had carried the metal since the days of the col-

lapse of the Secretan speculation. During the month 6,000 tons of

Montana matte were sold in England at 9s. l^d. to 9s. 3d. per unit for

ordinary and 9s. ^d. at 9s. 7^d. for argentiferous. The negotiations

for a continuance of the international agreement had little effect upon

buyers. The market yielded, gradually falling to 11.75 cents towards

the close of the month. In April American producers made vigorous

efforts to place copper abroad, it being reported that about 5,000

tons of Lake copper were sold at 11^ cents. Contracts with Amer-

ican consumers involving about 15,000,000 pounds were made for

delivery over three to six months at 11 cents. About 2,600 tons of

Montana matte were sold in April, at 9s. Id. to 9s. 3d, for ordinary, and

at 9s, 6d. to 9s. 7^d. per unit for argentiferous. May dragged slowly,

the only feature being the final announcement that the negotiations

for a continuance of the international agreement had failed completely

owing to the demand on the part of two jjrominent Montana interests

for an increased allotment.

The arrangement, therefore, expired on July 1. With the shrinking

demand and the deepening depression of business in this country, the

market yielded steadily in June and July, until 10.25 cents was reached

toward the close of the latter month.

Although the announcement was made that the Anaconda mine

would be run only at the rate of about 3,500,000 pounds per month,

the home consumption had fallen off' so heavily that prices yielded

further. Toward the end of the month the lake companies sought relief

by the sale of about 8,000,000 pounds of copper to Germany at 9J
cents, and large sales were also made by other producers. In August

alone 4,350 tons of Montana matte were sold in England at 8s. 3d. to

8s. 6d. for ordinary, and 8s. 6d. per unit for argentiferous. The Ana-

conda also made sales which in this and the two following mouths

footed up to 6,000 tons at 8s. 6d. to 9s. per unit. During the second

half of the year the American producers shipped an average of 10,000

long tons of copper per month to Europe at prices which swept

all competition aside. The tremendous pressure told on the home

market, and although the fact was never published, there is no doubt

that consumers were supplied during this period as low as 9 cents

for Lake copper. In November a better feeling developed, and
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quite a considerable quantity was taken by the domestic trade for

future delivery. December brought farther sales, reported to have

been effected at 10.50 cents.

Since England is still the leading copper market of the world, the

following tables, showing the import and export movement, are of

great interest

:

British imports and exports of copper.

Tears.

1860
1865
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Imports of

—
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The following table gives the details relating to the British imports

of precipitate and regulus

:

Imports of precipitate and regulus into Great Britain from 18S5 to 1893, inclusive.

[Long tons.]

Countries.
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The quantities of copper in different forms which were imported from

the United States to Great Britain and France are given in the follow-

ing table. The figures for the receipts in Germany, at times important,

are, unfortunately, not available

:

Imports of copper from the United States in England and France.

[Long tons.]
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THE PRINCIPAL FOEEIGN PRODUCERS.

Tlie copper production of the world, 18S6 to 1S9S, inclusive

[Long tons.]

Countries. 1892. 1891. 1890. 1889. 1887.

Great Britain
Spain and Portu-

gal:
Rio Tinto
Tharsis
Mason and
Barry

Sevilla
Portugueza.-
Poderosa and
others

Germany

:

Maiisfeld
Other G e r -

man
Austria
Hungary
Sweden
Norway
Italy
Bussia

(a) 400

31, 954
(a 1 10, 900

(a) 4, 400
1,270
(a)900

(a)5, 600

14, 150

(rt)3, 100
1,215

210
(a)750

(a)l, 740
2,500

(a) 15, 000

Total Europe

NOETH AMERICA.

United States
Canada
Newfoundland.

.

Mexico

:

Boleo
Other Mexi-
can

TotalNorth
America -

SOUTH AMEEICA.

Chile
Bolivia

:

Corocoro.-
Peru
Venezuela

:

New Quebrada
Argentine Ee^
public

Total South
America .

.

A7BICA.

84, 089

147, 033
3,620

900

159, 533

21, 350

2,500
460

2,850

160

Algiers
Cape of Good
Hope:
Cape Com-
pany

Namaqua

TotalAfrica

ASIA.

Japan

Total Asia.

.

AUSTRALIA.

Australia

27, 320

400

5,200
890

495

31, 539

11, 258

(a)4, 400
1,070
(a)900

(a)6, 800

15, 360

(a)2,600
1,100
285
735

1,410
2,500
4,900

720

31, 827
(a)ll, 100

(a)4, 150
875

(a)5, 500

14, 250

(a)2, 000
905
285
655

1,247
2,200
4,800

935

30, 000
(0)10,300

(a)5, 600
810
565

(a) 4, 225

15, 800

(a) 2, 000
1,210
(a) 300

830
1,390
2,200
4,800

905

29, 500
(a)ll, 000

(a)5, 250
1,350
670

(a) 6, 500

15, 506

(a)l, 850
1,225
(a)300

830
1,357
3,500
4,070

(a)l, 500

(a)32, 000
(a) 11, 500

(a)7, 000
1,700
1,250

(a)7, 000

13, 380

(a)l, 850
1,010
85?

1,036
1,570
3, 500
4,700

389

26, 663
(a)ll, 000

(a) 7, 000
2,300
(o)856

4,050

13, 025

(a)l, 850
883
531
905

1,450
2,500
5,000

(a)24, 700
(a) 11, 000

(a)7,000
2,135
1,258

85, 352 81, 464 80, 965 83, 813 89,854
I

78,402

154, 072
3,600
2,390

6,415

900

126, 839
3,500
2,040

4,175

1,025

115, 966
3,050
1,735

3,450

875

101, 239
2,500
2,615

3,280

500

101, 054
(a)2, 250

2,050

2,566

167, 377 137, 579 125, 076 110, 134 108, 120

22,565

2,860
290

3,100

200

19, 875

2,150
280

6,500

210

26, 120

1,900
150

5,640

150

24, 250

(a) 1,200
275

6,068

190

31,240

1,450
250

4,000

150

29, 015

450

5,670
450

6,570

(a)18, 000

(o)18, 000

7,500

(a)19, 000

(a) 19, 000

6,500

29,015 33,960

120

5,100
900

6,120

(a) 18, 500

(a) 18, 500

7,500

31, 983 37, 090

160

5,000
1,450

}(a)7, 700

60

7,500

6,570 7,860 7,540

17,972 16, 125 13,054

17, 972 16, 125 13, 054

7,500 8,300 7,550

81, 017
1,400
1,180

1, 9.50

100

85,647

29, 150

(a)l, 300
50

2,900

170

33, 570

150

7,250

7,400

10,976

10, 976

7,700

a Estimated.
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Tlie copper production of the ivorld, 1886 to 1893, inclusive—Continued.

KECAPITULATIOiT.

[Long tons.]

87

Countries.
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acquisition wliicli, it is expected, will considerably increase produc-

tion.

The production of Mason & Barry fell from 329,201 tons of ore in 1892

to 209,814 tons in 1893. The pyrites shipments amounted to 172,376

tons as against 130,756 tons in the previous year. The quantity of ore

sold and invoiced for its sulphur value during 1893 amounted to 182,909

tons as against 116,619 tons' in 1892. The profits were only £22,249,

of which there remained for appropriation £21,624. A payment of 2s.

per share was made, leaving a balance of £2,746 to the next account.

A reduction of the capital of the company from 210,000 shares at £5 to

210,000 at £4 is proposed.

In Germany the famous Mansfeld Company, which produces annually

about 15,000 tons of copper, lost 1,972,731 marks in its operations for

1893.

The Cape Copper Company earned £81,288 in 1893 against £60,343

in 1892.



LEAD.
By C. KiRciiiiOFF.

ConsideriTig the general business depression, witli its low prices for

all mineral products, and considering the rapid decline in the value of

silver, the production of lead in the United States has held its own
fairly well during 1893, It has been widely assumed that the output

of lead would be adversely affected by the expected falling off in the

mining of silver ores, since the profits formerly available to smelters in

handling "dry" ores would fall off and render them more indilferent

purchasers of lead ores. The leading Eocky mountain smelters have

indeed been driven into a pooling arrangement in the purchase and
distribution of ores. But developments during 1893 have again illus-

trated the truth of the observation repeatedly made in the history of

metalliferous mining in the United States, that influences adverse to

continued production tell very slowly. The element of hope is a senti-

mental factor whose power is usually underestimated in dealing with

the effect of low values on mining operations. Fixed charges, for

pumping, maintenance of openings, etc., are so important a factor that

operations are usually continued until every resource in funds and in

credit is exhausted.

The following table presents the figures of the total gross production

of lead in the United States from 1825. Up to the year 1882 the figures

have been compiled from the best data available. Since 1882 the sta-

tistics are those collected by this office, with the exception of the year

^ 1889, when they were gathered by the Census Office.

Prodnction of refined lead in the United States from 1825 to 1893, loth inclusive.

Teara.
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Production of refined lead in the United States from 1825 to 1893 both inclusive—Cont'd.

Tears.
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Tke qnautity given under desilverized lead includes the lead pro-

duced from refining foreign base bullion in bond. It also includes a

moderate amount of lead obtained from nonargentiferous ores produced
in Missouri and Kansas, purchased by lead desilverizers and refiners.

It is not, therefore, strictly correct that all the lead from domestic

sources, less the quantity returned as soft lead, was obtained by smelt-

ing ores from the Eocky mountain region. The quantity involved in

the purchases alluded to is so small that the difference between 163,982

tons and 32,513 tons, or 131,469, really does closely approach it. Prob
ably 130,000 tons would be a safe estimate.

The following table shows the gross production, the metal contents

of foreign ores imported, and the quantities of foreign argentiferous

base bullion refined in bond by American desilverizing works:

Production of leadfrom 1887 to 1893.

Teara.

1887
1888
1889
1890
1891
1892
1893

Gross
production.

Short tons.

160, 700
180, 555
182, 967
161, 754
202, 406
213. 262

229, 333

Lead contents
of Mexican
and Canadian

ores.

Sliort tons.

(a) 15,000
28, 636
26, 570
18, 124
21, 152
27, 083
30, 351

Forei^
lead refined
in bond.

Short tons.

2,700
12, 874
35, 000

Net
American
product.

Short tons.

145, 700
151, 919
156, 397
143, 630
178, 554
173, 305
163, 982

Available
for home
market.

Short tons.
100, 700
150, 555
182, 907
161,754
199, 706
200, 388
194, 333

a Estimated.

Since the foreign base bullion refined in bond is not retained in this

country, as is the lead extracted from Mexican and Canadian ores, a
column has been added to the above table to indicate the quantities of

the metal available for the home market, leaving out of account fluctu-

ations in stocks.

Eeturns from producers show that there were in the hands of smelt-

ers of soft lead and of desilverizers, 6,311 short tons of refined lead on
January 1, 1894, as compared with 6,411 tons on January 1, 1893. The
stock of soft lead has declined from 2,169 to 1,799 short tons.

The Bureau of Statistics of the Treasury Department has compiled

the following table showing the contents of the silver ore imported

during the calendar year 1893:

Lead, silver, gold, and coppei- contents of ores imported in 189S,

Customs districts. Total ore.

Arizona
Corpus Cliristi, Texas
Montana and Idaho
New York, New York
Paso del Norte, Texas
Saluria, Texas
San Francisco, California..
Puget Sound, Washington.

Totals

Pounds.
19, 411, 138
22, 236, 280
2, 299, 168
2, 124, 000

275, 572, 218
41, 601, 008

(a)

795, 826

Dollars.
1, 656, 529
1, 0;!7, 942

166, 393
147, 396

5, 355, 159
1,231,809
1, 498, 344

16, 610

11, 110, 182
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Lead, silver, gold, and copper contents of ores imported in 1893—Continued.

Customs districts.

Arizona
CorpusChristi, Tex-

Montana and Idaho.
New York, New
York

Pasci del Norte,
Texas

Saluria, Texas
San Francisco, Cali-

fornia
Pug-etSound,Wasli-

iuffton

Totals .

Contained in ore.

Gold.

Ounces.
14, 022

2,515

7,958
234

5,838
19

30, 586

Dollars.
280, 460

50, 255

146, 676
4,508

79, 342
364

561, 605

Silver.

Ounces.
1,785,366

1, 275, 725
(a)

(a)

5, 845, 791

1, 542, 901

1, 054, 990
6,901

Dollars.
1, 311, 776

980, 994
135, 396

146, 669

4, 351, 549
1,168,335

1, 374, 346
4,991

9, 474, 056

Lead.

Pounds.
2, 156, 427

276, 088

1, 205, 423

9,807

52, 592, 813

3, 138, 888

1, 050, 126
272, 875

Dollars.
50, 168

6,683
30, 997

196

856, 215
58, 966

28, 815
10, 477

60, 702, 447 1, 042, 517

Copper.

Pounds.
282, 528

5,604

8,620

176, 226

7,790

481,218

Dollars,
14, 125

10

531

719

15, 841
778

32, 004

a Complete data not obtainable.

Eeports from tlie Eocky mountain smelters, including all tlie Col-

orado, California, Idaho, Utali, and Montana works, and the Tacoma

and Eio Grande smelters, show that of the entire importations in silver

ores, only 11,613 tons of lead were extracted by this group of smelters,

of which 8,171 tons of lead were obtained by Colorado works. By far

the greatest bulk of the ore, of course, goes to Missouri river smelters

and refiners. The figures given for the Mexican ores coming in through

Paso del ]S"orte indicate an average lead contents of about 19 per cent.,

and silver contents of 42 ounces. The lead is valued at 1.6 cents per

pound. The import statistics prove that thus far the importations of

Canadian ore through Montana and Idaho, San Francisco and Puget

sound are still small, so that the Kootenai has not yet made an impres-

sion.

The Utah smelters further increased their product to 22,916 short

tons in 1893, as compared with 20,813 tons in 1892 and 16,800 tons in

1891.

The Montana works made 15,165 tons of lead in 1893, against 15,474

tons in 1892. The Puget Sound smelters did not get into full opera-

tion in 1893, but are expected to add to their product quite heavily in

1894.

Mr. E. F. Church, of theIdaho produced quite heavily for 1893.

Assay office at Boise City, estimated the lead contents of the ores

mined at 72,135,581 pounds, against 51,322,263 pounds in 1892. Sho-

shone county ranks first with 66,698,665 pounds. Alturas county fol-

lowing with 3,966,606 pounds. Custer county is credited with 922,510

pounds, and Lemhi county with 518,000 pounds. The Clayton and
Eamshorn smelters made 1,126,821 pounds of lead. The balance of

the ores are worked in smelters located in other States and Territories.
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The following statement has been compiled, and has been published

in the Congressional Eecord, showing the daily capacity of 14 lead-

ing mines in the Coeur d'Alene region

:

statement of daily capacity of 14 silver-lead mines of Shoshone county, Idaho, when run-
ning with full force and full time.

Names of mines.

and

Locations.

Wardner

-do.
-do.
.do.

Banker HiU
Sullivan.

Last Chance...
Stemwinder ...

Sierra Nevada

.

Gem
i
Gem

Helena and Frisco..]. ..do
Standard „..L..do
Granite, ...do
Poorman Burke...
Tiger ...do
Maramotli !.. .do
Hunter

j
Mnllan .

.

Morning, j-.-do
Custer...... ! Wallace .

Total

.

Raw
ore

mined
and

milled.

r. W.Bradley ....

Charles Sweeny. -

.

G.B.McAuley
Wm. T.Williams.
Finch & Campbell.
Jos. McDonald
Finch & Campbell.
G.B.McAuley....
P.Clark
F. K. Culbertson..
Richard Wilson. .

.

Martin Curran
D.B.Huntley
R.S.Nen

Tons.
800

200
120
60

250
250
40

200
400
200
50

400
500
150

Fin-
ished

ore (con
centra-
ted).

Tons.
135

40
20

(6)
35
35

6 40
40
70
30

650
60
70
30

Contents per
ton of

concentrates.

Lead. Silver.

Per ct. Per ct.

22

24
35
50
30
50
50
50
35
35
40
40
25
30

Num-
ber oi

men
em-

ployed,

Invest-
ed, a

600 :$ei5, 000

i

125 i

75 !

120 ;

201.1

200
75 I

120
j

250
I

160 i

80 :

200 !

180
i

120 '

73, 000
60,000
15, 000
95, 000
100,000
25, 000
85, 000

355, 000
180, 000
10, 000

101, 000
295, 000
105, 000

2,505 :2, 114,000

plants, air compressors, electrical machinery, tramways, machine shops,a In concentrators, power
etc.

b Shipping ore.

These figures would indicate a capacity to produce more than 100,000

tons of lead annually, working full time, three hundred days in the

year, and not counting the product of smaller mines.

Mr. J. E. Holibaugh, of Joplin, Missouri, has compiled for this ofSce

the following statement showing the production of lead ore and zinc

ore from southwest Missouri and southeast Kansas, grouped by dis-

tricts, for the calendar year 1893.

Production of lead and zinc ore from southioest Missouri and southeast Kansas from
January 1 to Decemher 31, 1S9S.

JASPER COUNTY, MO.

Joplin .-

Webb City.
Carterville

.

Oronogo
Carthage...
Alba
Lehigh
Zincite

Districts.

Total for county

Pounds of lead.

12, 442, 185
2,365,093
fi, 435, 039
3,555,720

361, 210
230

295, 710

25, 455, 187

Pounds of zinc.

71, 336, 083
26, 302, 730
75, 429, 146

777, 950
1, 044, 170

1, 096, 560
560, 000

5, 367, 390

Amount sold for.

181, 914, 029

$960, 573. 00
273, 672. 00

868, 634. 00
71, 885. 00
19, 448. 00
9, 546. 00
5, 040. 00

59, 819. 00

2, 268, 617. 00
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speculative holdings threw the market to 3.20 cents. Toward the end

of the mouth 1,500 tons were sold at 3.30 cents for delivery during the

balance of the year, but the demand generally was light and the metal

sagged until it reached 3,10 cents in the middle of December. The

year closed with the market dull and lifeless.

The following table, prepared from the annual reports of the daily

price of lead, compiled by Mr. E. A. Caswell, of New York, shows the

monthly average prices from 1884 to December, 1893, inclusive:

Average monthly prices of common pig lead in New York City.

[Cents per pound.]

Months. 1884. 1885. ] 1887. 1888. 1889. 1890. 1891. 1892. 1893.

January . .

.

February .

.

March
April
May
June
July
August
September

.

October
November .

December..

Yearly average.

4.09
3.98
4.12
3.84
3.64
3.62
3.58
3.58
3.61
3.69
3.46
3.60

3.65
3.65
3.67
3.63
3.67
3.73
4.06
4.25
4.26
4.10
4.12
4.57

4.57
4.75
4.87
4.77
4.72
4.77
4.88
4 75
4.63
4.23
4.32
4.32

4.27
4.43
4.35
4.29
4.49
4.62
4.50
4.55
4.44
4.30
4.35
5.00

4.80
4.92
5.14
4.72i

4.24
3.88
3.96
4.43
4.99
4.45

3.67i
3.73

3.82J
3.68
3.69
3.64i

3. 79^
3.97i

3.88
3. 82-i
3.92*
3. 824
3.79'

3.82

3.82*
3. 79i
3.9U
3.87i

4.13
4.37
4.43
4.51
4.86

5.2U
4.90
4.19

4.34J
4. 2S.!f

4.32i

4.20i
4. 25.^

4.41
4.39
4.44
4.50
4.34
4.17
4.00

4.17
4.11
4.16
4.22
4.21
4.12
4.10
4.02
4.07
3.99
3.78
3.74

3.73J 4.63 4.46i 4.41 3.80* 4.33^ 4.32* 4.05

3.80
3.89
3.91
4.02
3.82
3.61
3.40
3.27
3.72
3.40
3.29
3.21

3.61

The following table, compiled by Mr. E. A. Caswell, shows the daily

fluctuations in prices in 1893

:

Daily prices of common pig lead in New York City in 1893,

[Cents per pound,]

Days. Jan. Feb.
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mrORTS AND EXPORTS.

The following tables sliow the inji^orts and exiDorts of lead and its

luauufactures for a series of years:

Lead imported and entered for eonsumptton in the United States, 1S67 to 1893.

Tears end-
ing-

Ore and dross.

Quan-
tity.

Value,

Piffs and bars.

Quantity. Value,

Sheets, pipe,
and .shot.

Quan-
tity.

Value,

Shot.

Quan-
tity.

Value,

Not
otlior-

wi.'^e

.speci-

fied.

Total
value.

June 30-
1867.--
1868...
1869...
1870...
1871...
1872...
1873...
1874...
1875...
1876...
1877...
1878...
1879...
1880...
1881...
1882. .

.

1883...
1884...

1886...
Dec. 31-

1887...
1888...
1889...
1890...
1891...
1892 ..

1893...

Lhs.
Cll

6,945

5, 073
316

32, 231

176
10

1,425

13, 206

1,000

5,981
21,698

600
419

4,218
715, 588

153,731
88, 870
328,315
493, 463
105, 898

127, 873
12, 686

97
500
17
13
57

9,699

21, 487
2,468
7,

12, 947
6,721
9,932

354

Lhs.
65, 322,

63, 254,

87, 865,

85, 895,

91, 496,

73, 086,

72, 423,

46, 205,

32, 770,

14, 329,

14, 583,

6, 717,

1, 216,

6, 723,

4, 322,

6, 079,

4, 037.

3, 072,

5, 862,

17, 582,

7, 716, 783

2, 582, 236

2, 773, 622
19, 336, 233

3, 392, 562
1, 519, 771

3, 959, 781

812, 668

668, 915
653, 481
530, 837
721, 096
929, 623
233,011
231,817
559, 017
682, 132
671, 483
294, 233
42. 983

246, 015
159, 129
202, 603

130, 108
85, 395

143, 103

491, 310

219, 770
69, 891
76, 243

593, 671
104, 184
110,953
163, 484

Lbs.
185, 825
142,137
307, 424
141,681
86,712
15, 518

105

$9, 560
7,229

15,531!

6,879
4,209

859
K

15, 040

971, 951

27, 357

27, 941

23, 103

35, 859
68,314

334, 179

90, 135

59, 798

630
22,2]7i

1, 218

1, 286'

1, 202'

1,417
3, 338
12,406
6,207
2,955

Lbs.

420
30, 219

58
20, 007
16, 502
15, 829
3,748
1. 120

900
1,469
1,510

$50
1,349

4
1,204
1,242

963
209
54
65
99
79

$6, 222
6,604

18, 885
10,444
8,730

20, 191

21, 503
36, 484
25,774
27, 106
1,041

113
930
371

1,443
2,449
8,030
1,99:

1,372
964

302
977

1,297
1,133

604
2,063
1,691

$2, 828, 475
2, 682, 987

3, 687, 897
3, 548, 336

3, 734, 045
2, 952, 098
3, 254, 576
2, 269, 650

1, 585, 115
710, 442
673, 785
295, .309

44, 122
246, 440
160, 734
205, 651
138, 234
88, 030

166, 749
503, 191

242, 845
74, 538
86, 425

611, 089
123, 915
129, 155
168, 484

Old and scrap lead imported and entered for consumption in the United States, 1867 to

1889, inclusive.

Tears ending

—
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Lead and manufactures of lead, of domestic production, exported from the United States.

Tears ending

—

Manufactures of—

Lead.

Quantity. Value,

Sept. 30, 1790
1803 (barrels)..
1804
1805...-

1808
1809
1810
1811
1812
1813
1814
1815
1810 ,

1817....
1818
1819
1820
1821
1822 ,

1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842

June 30, 1843 (9 months)
1844
1845
1846..
1847
184b
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868-.
1869
1870
1871
1872
1873
1874
1875
1876
1877

Pounds.
13, 440

900
19, 804
8,000

40, 583

126, 537
172,323
65, 497

74, 875

276, 940

43, 600

40, 245

35, 844

111, 034
281, 168
94, 362

25, 699
56, 192

66, 316
51, 549

18, 604

189, 930

47, 33V

50, 160

76, 882

179, 952

128, 417

152, 578
72, 439

119, 407
13, 480
50, 418
34, 600

297, 488
375, 231
81, 377

882, 620
2,177,164

14, 552, 357
15, 366, 918
18, 420, 407
10, 188, 024
16, 823, 766

3, 326, 028

1, 994, 704
680, 249
261, 123

$810

Pewter
and lead.

Value. Quantity. Value,

9,993
22, 493

7,549
1,799
3,512
4,244
3,098
1,356

12, 697
3,347
3,761
4,184
8,417
4,831
7,068
4,483
5,685

805
2,741
2,218

17, 015
21, 747
6,003

39, 687
96, 748

523, 428
492, 765

595, 238
342, 646
614, 518
124, 981
84, 278
30, 198

12, 797

Bars, shot, etc.

Pounds.

28, 315
79, 880
48, 132

13, 392
302, 044
429, 309
102, 726

49, 835

Total
value.

$1, 820
6,183
5,545
5,185
4,172
6,422

983
2,010
2,224

433
4,777
3,132
6,461

12, 637
15, 296
20, 546
16, 789
7,121

10, 018
14, 404
10, 278

13, 694
7,739

13, 196
22, 682

16, 426
18, 469
14, 064
16, 478
5,233
5,628
4,818

27, 327

28, 782
56, 081
30, 534
28, 832
30, 609

30, 411
29, 271
44, 483
27, 559
37,111
17, 249

229, 448
747, 930
100, 778
404, 247
165, 533
310, 029
870, 544
900, 607
313, 988
903, 468
109, 023
79, 231

237, 239
223, 752
852, 895
25, 278
99, 158

438, 040

$11, 774
32, 725
5,540

26, 874

14, 298

27, 512
58, 624
48, 119

28, 575
50, 446
6,241
7,334

22, 634

18, 718
132, 666

2, 323
5,300

34, 218

$810

9,993
22,493
7,549
1,799
3,512
4,244
3,098
1,356

12, 697
5,167
9,944
9,729

13, 602
9,003

13, 490
5,466
7,695
3,029
3,174
6,995

20, 147

28, 208
18,640
54, 983

117, 294
540, 217
499, 886
605, 256

357, 050
624, 796
138, 675

92, 017
43, 394
35, 47'J

28, 200
51, 194

19, 604
43, 352
19, 531
33, 140
63, 442
75,446
57, 357

106, 527
36, 775
36, 166

53, 243
49,129

161, 937
46, 806

32, 859
71, 329

17, 249
28, 315
79, 880
48, 132

13, 392
302, 044
429, 309
102, 726
49.835
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Lead and manufacttires of lead, of do innstic, production, exported from the United States—
(.'outimied.

Years ending—
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The production of lead in Great Britain lias steadily declined for a

long- time. The maximum during the last eighteen years was reached

in 1877, when the output of lead ore from the British mines Avas 80,850

tons. According to the official statistics the output during the last

ten years has been as follows

:

Production of lead, ore in Great Britain.

Tears.
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Principal sources of British lead imports.

101

Countries.
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The geological survey of Kew South Wales reports the following as

the exports of ore and silver lead from the famous Broken Hill dis-

trict, for a series of years

:

Exports of ore and silver leadfrom New South Wales.

.Years. Ore. Silver lead.

1889
1890
1891
1892

Long tons.

11, 739
46, 965
89, 720
92, 384

87, 505

Long tons.

18, 102
34, 580

41, 320
55, 396
45, 850

The great bulk of the ore exported from New South Wales is sent to

coast ports in other Australian colonies, where it is smelted.

The following statement has been compiled, showing the production

of silver and of lead in 1892 of the different comi^anies of the Broken
Hill district:

Prodiwtion of Broken Hill companies in 1892.

Silver. Lead.

Broken Hill Property
British Broken Hill Property.

.

Broken Hill Property, Block 10
Broken Hill Property, Block 14
Broken Hill South ,

Broken Hill Junction
Broken Hill Junction North. .

.

Maybell Silver
Pinnacles A
Maybell North
Gypsy Girl

Total

'Ounces.
8, 078, 191

368, 518

2, 037, 284
717,814
445, 663

50, 617
3,184
1,582

103, 359
12, 987
42, 259

Long tons.

30. 048
3,978

127
11, 378
2,503

246

11, 861, 458

2
338
37

613

55, 270

During the fiscal year 1893 the Broken Hill Property, Block 10,

made a net profit of £30,195, and paid a dividend of £40,000, leaving

a balance of £80,639.



ZINC.
By C. Kirciihoff.

In common witli all other metal industries spelter manufacture Suf-

fered severely during tlie latter half of 1893 from the general business

depression. As the statistics for the second half of 1893, presented

elsewhere, show, production fell oft' heavily. Reports from all the

works show that the output of the metal has been as follows:

Production of spelter in the United States.

Tears.
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tlie production of spelter, in order to present data showing more

closely the fluctuations in tlie output. The following table, presents

the results

:

Production of spelter semi-annually.

[Short tons].

States.
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PRICES OP ZIXC.

The following table summarizes the prices of spelter since 1875:

Priceft of common Western spelter hi JS^civ York City, 1875 to 1S93.

[Centa per pound, rigiues in parentheses are coinbinatjon pricea.]

Years.
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labor troubles in tlie Kansas coal niiiie.s and caused a moderate restric-

tion of production. But the general business depression overshadowed

this local trouble, and the rapid shrinkage in the demand caused a

growing accumulation of metal. In November a short-lived revival of

confidence brought more active buying and stiffening prices, but

towards the end of the year indifference on the part of buyers and

pressure to sell again -put the market on the down grade.

IMPORTS AND EXPORTS.

Zinc imported and entered for consumption in the United States, 1867 to 1893, inclusive.

Tears ending-
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Exports of zinc and zinc ore of domeniio product
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The output of tlie works iu the ditferent districts was as follows:

Productions of zinc hy principal foreign producers.

[Long tons.]

Districts.

RliiTio ilislrii't :iiul T5clgium :

Vieille M out aguo
Stolberg Co
Austro-Belge
G. Dumort & Frtre.s
Eliein-Nassau Co
L. de Lainiune
Escombrera Bleyberg
Grillo. '.

Miirk, Westf., licrgw., Ver. ..

jSTouvelle Moutngne
Berzelius
E.scliger Gbesqniere & Co
Soci6t6 Prayon
Sooiete de Boom
Zinkmaatsbappy in Liniburg.
Societe Campine
Schnlte & Co

Total.

Silesia:
Sclilesische Actien-Gesell-
schaft

G. von Giesche's Erben
Herzo^von Ujest
Graf H. Henckel von Don-
nersmarck -

Graelin Schatfgotsch
Graf G. Henckel von Don-
nersmarck

Graf Lazy Henckel von Don-
nersmarck (included iu
Graf H. Henckel v. D.) . .

.

H.Eotb
Wiiusch
Vereinigte Konigs & Laura-

hiitte ,

' Baron v. Horschitz'scbe Er-
ben

Fiscus

1892.

55, 770
14, 950
9,720
8,675
8,040
6,845
6,070
5, 550
5, 540

5, 240

5, 290
4,100
4,085
5,430

53, 820
15, 040
9,425
8,370
8, 075
6,810
5,770
5,390
5,600
5, 650
5,155
3,840
4,130
2,720

1890.

52, SG5
14,855
9,250
8, 350

7, 900
6,760
5,630
5,490
5,485
5, 350
5,175
4,065
4,100
2,295

149,750 143,305 139,695 137,630 134,648

25, 255
18, 920
17, 210

It, 695
6,885

4,215

Total

.

Great Britain

:

Vivian & Sons
English Crown Spelter Co.,
Limited '.

Dillwyn & Co
Swansea Vale Spelter Co .

.

Villiers Spelter Co
Pascoe, Gienfell &. Sons ...

Nenthead & Tiynedale Co..
John Lysaght, Liiniteil
Staffordshire Knot
Minora Mines
H. Keuyon & Co
Leeswood Co
Dynevor Co

Total

.

France and Spain

:

Asturienne...
St. Amand

Total

.

Austria:
Sagor
Cifii

Siersza-Niedzieliska.

Total .

Poland.

1,775
2,075

1,170

960
150

90, 310

7,060

5,380
3, 450
2, 105

2,050
1,260
1,855
2,760

500

1,495
460

24,915
18,295
17, 085

11,115
6,070

4,070

1,845
2,120

1,230

875
140

25, 245
18, 700
16, 795

11, 230
5,310

3,905

1,730
1,920

1,180

850
215

87, 080

7,791

5, 527
3,759
2, 063
1,920
1, 080
1,600
3,000

1, 350
500

1,720

28,375
I
30,310

18, 695
1,890

20,586

1,360
2, .510

3,690

7, 500

4,530

18,462
200

18, 662

1,475
1,710
3, 550

C,735

4,270

7,235

5,180
3, 580
1,840
2,125
1,060
1, 440
4,185

2,265
500

52, 016
14, 634
9,245
8,863
7,470
6,693
5, 500
5,353
5,805
5,090
4,910
4, 303
3, 956
a 750

1888.

24, 840
18. 550

16, 355

11,670
6,265

4, 090

1,750
1,880

1,020

830
225

87, 475

6,605

4,945
3,930
1,615
1,890
1,160
1, 530
4,450

350
2,170

500

23, 675
18, 206
16, 202

11,392
6,405

3,943

1,060
1,907

1,130

963
170

51, 670
14, 036

9, 14ft

8,759
7, 58C
6,597
4,930
5,299
5,537
5,032
4,818
4, 1.37

3,906
1,798

133, 245

22, 917
17, 594
15, 456

11, 193
6,402

4,114

1,555
1,906

1,166

935
137

51.517
14, 070

9, 280
8,308
7.588
6,745
4, 925
5,100
5,553
4,975
4,890
4,079
3, 905

130, 995

22, 680
17, 600
15, 835

11, 565
6,430

1,565

1,670
1,885

1,065

910
170

1880.

50, 790
14, 005
9,130
8, 000
7, 730
6,550
5, 315
5,075
4,950
4, 995

4, 985
3,710
3,725

22, 730
17, 505
15, 010

9,355
6,505

1,670

2,450
1,675
1,860

1,185

915
170

85,653 83,375 81,375
I

81,630

29,410 I 29,145

18, 360

18, 360

1,280
1,810
3,350

6,440

3,760

18, 240

18, 240

1,430
1,880
3, 825

7,135

3,620^

6,842

4,981
4,540
2,161
2,180
1,272
1,507
5,113
1,100

610
500

30, 806

16, 785

16, 785

1,210
1,670
3,450

6, 510
j

4, 840

4,980
3,904
2,150
1,993
1,330
1,516
3,750

150

4, 007

2, 843
1,798
1,810
1,124
1,317
1,600

500

26, 783 19, 839 21, 230

16, 140

16, 140

1, 087
1,240
2,650

6, 330

3,026

4,977

a 3,
785"

7,389

3,248
3,015
2,060
1,880

727
1,193
1,218

16, 028 15, 305

16, 028 15, 305

866 1, 000
1,275 1,360
3, 200 2, 640

5,338 5,000

3, 580 4, 145

a Estimated.



ZINC,

The i)roductiou of zinc ore in Great Britain Avas as follows;

Frodnction of zinc ore in Great Britain,

109

Years.
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expenses of administration, interest, discounts, etc., amounting to

622,681.09 francs, left 5,221,482.46.

The directors wrote off for depreciation 1,270,000 francs, and placed

to the reserve fund 700,296.49. Of the balance, 10 per ceut, or

350,148.25 went to the administratiou, 2J per cent, or 87,537.05 to the

directors, 5 per cent to the stock of 9,000,000 francs, and 2,362,500 as

dividends. The company has a marine and fire insurance fund of

978,827.18 francs, a special reserve of 1,000,000 francs, the legal reserve

fund of 4,129,496.56 francs, and an emergency fund, created in 1887, of

1,585,000 francs. The balance sheet shows quick assets of 19,389,281

francs, including 1,383,514.03 francs in supplies, 13,301,933.79 francs in

stock of ore and product, and 3,576,679.44 francs outstanding accounts.

Against this stand: owing to bankers 298,765.04 francs, bills payable

493,326.46 francs, and open accounts 3,477,243.28. With a capital

stock of 9,000,000 francs the mining property is valued at 4,129,085.97

francs, while the enormous plant and equipment are carried on the

books at 6,107,692.26 francs. These figures convey an idea of the

strength of the largest zinc-producing concern in the world.

The Austro-Belge Company, often known as the Corphalie Company,
produced in 1893 9,724 tons. This company draws a large share of its

supplies of ore from its own mines in Italy and Spain. The gross profit

was 850,793.78 francs, or a falling off' of 222,883.89 francs as compared

with 1892, a decline due to the drop in prices. The company paid 100

francs per share, or 636,300 francs, in dividends, distributed 48,700

franos among the management, and wrote off 165,793.78 francs. The
company has a depreciation fund of 1,367,010.60 francs, and a reserve

fund of 400,000 francs.

The Schlesische Zink Hiitten Gesellschaft zu Lipine made a profit

in 1893 of 4,160,110 marks against 4,660,055 marks in 1892, the divi-

dend declared being reduced from 15 per cent in 1892 to 14 per cent in

1893.

The Kheinisch-Nassau Berg-Werks und Hiitten Gesellschaft returned

a gross profit of 225,204 marks in 1893, while the Berzelius Company
made 309,100 marks.



QUICKSILVER.
Production.—With no remarkable fiuds of quicksilver deposits, tlie

production from the old mines increased from 27,993 flasks (76^ pounds

each) in 1892 to 30,164 flasks in 1893, all from California. The iiew

Almaden mine, which produced 6,614 flasks, is increasing again and

was the largest producer in the State. The jSTapa Consolidated pro-

duced nearly as much, 6,120 flasks, and the new Mirabel (old Bradford)

continued to increase, showing 5,211 flasks. Several new finds, which

did not prove important, were noted in the neigliborhood of the Kla-

math river, and a sensational report M^as current to the effect that a

large find had been made in San Francisco itself on what became
known as Cinnabar Hill. It failed to interest the quicksilver men,

however.

Some interest is being shown again in the selenide ores of southern

Utah. It seems that the rich material was quickly exhausted, but it

is said that a large quantity of low grade ore has been located.

The production of the pa^t few years is shown in the following tables

;

Total product of quicksilver in the United States.

[Flasks of 76J pounds, net.]

Tears.
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Total product of quiclcsilver in the United States—Continued.

[Flasks of 76i pounds, net.]

Years.



Flasks75000
5000025000
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rrodtict'wn of qnicksilver in flasks, in California, etc.—Continued.

Months.
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Production of quicksilver in flasks, in California, etc.—Coutinned.

Months.
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Production of quiclcsilver in flaslcs, in California, etc.—Continued.

115

MoutliB.

1890.

January . .

.

February .

.

March
April
May
June
July
August
September.
October
November .

December

.

Total

.

1891.

January ...

February..
March
April
May
3\me
July
August
September

.

October . .

.

November .

December

.

Total 8,200

952
728

1,000
779

1,100
1,006
1,100
1,000
1,000
1,064
1,081
1,127

12, 000

850
814
827
9()8

800
700
515
620
500
500
455
621

100
CO
57
70
CO
05
70

100
55
95
105
80

C5
95

100
130

80
120
111
97
25

505

22
70
50
CO

123
61
27
27

109
186
80
89
82
178
131
147
174
127
143
102

1,608

170
93

130
109
120
126
92
57

122
100
105
151

442 1,375

55
11

110
48
70
HI
106
129
202
203
115
174

1,334

131
274
94

104
76

210
131
243
46
145
130
200

1, 814

C9
303
320
233

347
135

125
242

270
245
205
210
175
155
210
190
195
135
238
210

2,498

260
296
365
315
240
101
235
336
359
413
380
305

3,605

46
126
77
109
84
74
70
153
60
58
78

105

1,040

119
121
106
153
67

187
113
98
72

201
13G
227

75
40
121
82
93
85
127
119
130
173
125
108

142
132
75
96

151
104
111
141
49
139
296
250

41
60

111

95
69
38
42
68
140

216
85

48
100
177
164
126
256
97

202
980

1,600 1,686 2,451

1,708
1,462
1,832
1,388
1, 669

1, 802
1, 909
1,987
2, 055
2, 311
2,439
2,364

22, 926

2,317
2,095
1,729
1,978
1,747
1,721
1,473
1,C48
1,469
1,690
1,931
3,106

22, 904

aProducton of ^tna and Napa mines from 1880 to 1883 under heading of Napa mine. b New mine.
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Production of quicksilver in flasks in California in 1893, hy months.
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Highest and lowest prices of quicksilver in 1893.

[Per flask.]

Months.

January
February ...^

March
April
May
June
July
August
September
October
November
December

Extreme range

San Francisco.

Highest. Lowest

$42. 00
42.00
42.00
43.00
43.00
43.50
43.50
41.00
41.50
41.50
41.00
39.50

43.50

$39. 00
39.00
39.00
40.50
40.00
40.50
40.50
39.00
39.50
40.00
39.50
30.00

30.00

London.

Highest. Lowest.

£, s. d.

6 5
6 7 6
6 10
6 15
6 15

17 G

17 6
10

10
10
10
7 6

6 17 6

s. d.

2
5

7 6
10

6 10
15

15
5
5

5
7 6
6

2

The following- table shows the range in price of quicksilver in the
San Francisco and London markets for the past forty-two years:

Highest and lowest prices of quiclcsilver during the past forty-two years.

[Per flask.]

Tears.

1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
18C1
1862
18U3
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878 >....

1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Extreme range

Price in San Fran-
cisco.

Highest. Lowest

$114. 75
76.50
61.20
55.45
55.45
55.45
51.65
53.55
49.75
76.50
57.35
49.75
38.25
45.90
45.90
45.90
57.35
45.90
45.90
45.90
68.85
68.85
66.95
91.80

118. 55
118.55
53.55
44.00
35.95
34.45
34.45
31.75
29.10
28.50
35.00
33.00
39.00
50.00
47.00
50.00
58.00
51.00
47.50
43.50

118. 55

$84. 15
57.35
55.45
55. 45
55.45
51.65
51.65
45.90
45.90
49.75
49.75
34.45
34.45
38.25
45.90
45.90
45.90
45.90
45.90
45.90
45.90
57.35
65.00
68.85
91.80
49,75
34.45
30.60
29.85
25.25
27.55
•27.90
27.35
26.00
26. 00
28.50
32.00
36.50
36.00
40.00
47.00
39.50
4L50
30.00

25.25

Price in London.

Highest. Low

£ s. d.

15
13 15
11 10
8 15

7 15
6 17 6

6 10
6 10
7 10

5

17
17

9 10
7 5
8 15
7 15
7

6 5
5 17 6

6 15
6 15
7 10

11 5
10
9 15

10 10
8 12 6
7 10
6 17 6

26

£ s d
13 2 6

12 5

9 7 6
8 2 6

7 5

6 10
6 10

10
5

10
17 6

6 17
6 16

6 16
16

6 16
9

12 10
19
9 17 6

17 6
2 6
7 6

17 6

7 6
2 6
15
5

2 6
10
16 3

7 6
12 6

10
1

5

2 6
2
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Production of the Almaden mine (S^ain) and the Idria mine (Aust^'ia) from 1850 to the

close of 1S93.

Years.

1850
1851

1852
1853
1854
1855
1856,

1857
1858
1859
1860.

1861
1862
1863
1864
1865
1806
1867
1868
1869
1870
1871
1872
1873
1874

Almaden. Idria

Flasks.

101,517

110, 058

122, 117 <

153, 224 ^

105, 008 <

Flasks.
4,100
4,092
4,085
4,409
4,060
4,446
5,935
9,189
4,977
8,239
4,821
6,493
4,712
5,878
7,263
4,908
5,327
7,532
8,253
9,179

10, 745
10, 904
11, 116
10, 939
10, 789

Years.

1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Almaden.

Flasks.

208, 200

41, 640

50, 353
46, 591

46, 143
43, 099
46, 739
51, 199
53, 276

51, 872
49, 477
50, 202
47, 993

57, 041
44,740

Idria.

Flasks.
10, 717
10, 794
11,020
10, 403
11, 153

12, 356
11, 333
11,663
13, 152

13, 967
13, 503
14, 496
14, 676
14, 962
15, 295
14, 000
15, 000

15, 500
14, 240

The worWs production of quicksilver for fourteen years.

[Flasks of 34.5 kilograms, or 76.5 pounds avoirdupois.]

Years.



MANGANESE.

By Joseph D. Weeks.

[The ton used in tbis report is the long ton of 2,240 pounds, if not otherwise desig-

nated.]

The origin and occurrence of tlie ores of manganese as well as the

mining localities and the character of the manganese ores of the United

States, have been so thoroughly discussed in previous volumes of Min-

eral Eesources, especially in the report on the production of manga-

.

nese in 1892, that it is unnecessary here to do more than refer the

reader who desires information on these points to the previous volumes

of this series.

It is necessary to state, however, that the ores of manganese, or

those carrying manganese, will be divided for the purpose of this report

into four general classes: First, manganese ores; second, manganifer-

ous iron ores; third, manganiferous silver ores; and, fourth, manga-

H^ferous zinc ores. The dividing line between the first two grades is

taken at 70 per cent, binoxide of manganese, equal to 44.25 per cent,

metallic manganese, this being the standard of shipments to English

chemical works. All ores containing at least this amount of manga-
nese are classed as manganese ores; those containing a less percentage

of manganese, and containing also more or less iron, are classed as

maganiferous iron ore. In the third class are included the manganifer-

ous silver ores of Colorado and Montana, which are utilized chiefly for

the silver they contain. They have an added value, however, by reason

of the fluxing qualities imparted to them by the presence of manganese
and iron. In the fourth class is placed the residuum or clinker from

the zinc ores of New Jersey.

PRODUCTION OP MANGANESE ORES IN 1803.

The production of manganese ores in the United States in 1893 aggre-

gated but 7,718 long tons, the smallest production of any year since

1883, when the total production was G,155 tons, and a reduction from

1892, when 13,613 tons were produced, of 5,895 tons, or 43^ per cent.

The total value of this 7,718 tons was $66,614, an average of $8.63 a

ton. The average value per ton in 1892 was $9.52 and in 1891 $10.21.

119



120 MINERAL EESOURCES.

Tlie amount and value of the manganese ore produced in the United

States in 1892 and 1893 is sliown in the followiug table:

Amount and value of manganese ores produced in the United States in 1892 and 1S93.

States.
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PEODUCTION OF MANGANIPEROUS IRO\ OUKS.

Ko attempt has been made to collect tlie statistics of the production

of manganese-bearing" iron ores except in cases where the manganese
has added somewhat to their value.

The following table shows the x)roduction of manganiferous iron ores

in the United States in 1893

:

Production of manganiferous iron ores in the United States in 1893.

Localities.



122 MINERAL RESOURCES.

per cent. The production in 1892 was 62,309 tons, valued at $323,794,

or $5.20 a ton.

The total production of manganiferous silver ore in the United States

from 1889 to 1893, for which returns have been received, is given in

the following table, the entire production being from Colorado, except

as noted

:

Production of manganiferous silver ores in the United States from 1889 to 1893.

Tears.
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Manganese imported and entered for consumption into the United States, ISSD-ISOJ.

Tears.
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ALABAMA.

But little manganese ore proper has ever been produced in a com-

mercial way in Alabama, though at times the brown hematite iron ores

of this State carry a considerable percentage of manganese. As early

as 1875 ore of this character was utilized in the furnaces of the Wood-
stock Iron Comj)any, at Anniston, Calhoun county, in the manufacture
of spiegeleisen. The ores were manganiferous iron ores carrying about

20 per cent, of manganese. Kecent analyses do not give so large a

percentage of manganese, 12 per cent, being a better average. They
occurred in connection with the iron ores of the neighborhood, some-

times as veins or crusts, from 1 to 3 feet in thickness, resting upon the

iron ore, in other cases in chimneys or pockets in the ore belt or vein.

Analyses of these ores are as follows

:

Analyses of manganiferous iron ores from Woodstock, Alabama.

Constituents. No. 1. No. 2.

Metallic iron
Metallic manganese
Silicon
Phosphorus
Combined water

Per cent.

38.50
11.44
11.45
0.27
11.62

Per cent.

41.76
13.68
24.65
0.55
10.66

In a paper on the geology of Alabama, read before the American
Institute of Mining Engineers, by Mr. E. J. Schmitz, of New York, the

following analyses of manganese are given, but there is no information

about the deposits from which the samples were taken

:

Analyses of manganese ores from Alabama.

Nos
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length the mnnganese ores of that section. These ores, he states, are

50 to 150 feet above the black shale, in what is termed the "Lower
Siliceous group." Occasionally traces of them are found as high up as

the La Grange sandstone. Quite a number of places are described in

this Murphrees valley, where manganese has been found. The first

prominent exposure of the ores is a little southwest of where the

Locust Fork of the Warrior crosses the valley, and on the northwest
side of Red mountain. At this point great bowlders of chert and
quartz cemented together with intermingled manganese, as well as a
great bed of "pulverulent black oxide of manganese, about 4 feet

thick and covering about an acre of ground," are found. This '^curious

black stuif" had been opened up with pits and holes, and showed
"numerous small chunks of pyrolusite and manganite," "seldom more
than 2 or 3 pounds weight, well rounded and smooth on the surface,

lying principally in seams and layers;" "near the bottom of the deposit

the ore chunks are more numerous," Mr. Smith suggests that "with-

out washing" this deposit "would not give a high enough percentage
of dioxide of manganese to be marketable." Southwest of this, out-

crops of pyrolusite were found, and just beyond a deposit of soft

manganiferous iron ore of a dark blue color carrying, it was estimated,

20 per cent, of manganese.

The best exposure of pyrolusite is at Dabb's bed, in section 21. The
bed seemed to vary from 2^ to 4 feet in thickness; the ore was found
in small masses, carrying, it is stated, 60 to 75 per cent, of dioxide of

manganese.

Quite a number of other localities that give promise of manganese
are noted. Mr. Smith states, as the result of his investigations, that

the great bulk of the ores will be found in the Sand valley and on the

northwest side of Red mountain, and that the discoveries so far made
are in the main accidental, and that probably the larger portion of the

deposits that exist are as yet undiscovered.

ARKANSAS.

Nothing can be added to what has been said in previous volumes of

Mineral Resources regarding the manganese deposits of Arkansas. No
new localities have been discovered. Mining in 1893 was carried on
only in the Batesville district, and for the last half of the year opera-

tions practically ceased at the mines of this district. One concern

reports as the cause for shutting down that they had no market, not
being able to sell a pound, but carrying a large proportion of their

product for the first half of the year in stock.

' The total production of high-grade manganese in Arkansas in 1893

was 2,020 ton-s. This ore averaged from 50 to 52 per cent, of manga-
nese. In view of the fact stated above that there was but little sale

for manganese produced in 1893 it is difficult to place a value ui^on the

product. Our reports give $12 as the price, which is accepted in lieu
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of more definite figures, though it is regarded as nominal, and not the

price at the mines. This would make the value of manganese ore pro-

duced in Arkansas in 1893, $24,240.

For the first time in these reports Arkansas appears as a producer of

manganiferous iron ore, 160 tons of a 28 per cent, ore having been pro-

duced in this State in 1893. This was from a mine that has produced

high-grade manganese in the past.

The total production of manganese in Arkansas in 1893 was, there-

fore, 2,020 tons of high-grade manganese and 160 tons of a 28 per cent,

manganiferous iron ore.

In the following table, which gives the production of manganese in

Arkansas since the beginning of shipments in 1850, the figures from

1885 to 1893 have been verified by statements of shipments kindly fur-

nished by the officers of the St. Louis, Iron Mountain and Southern

railroad

:

Production of manganese in the Batesville district of Arkansas to Becemher SI, 1893.

Tears.

1850 to 1807
1868
1881
1882
1883
1884-

1885
1886
1887
1888
1889
1890
1891.
1892
1893

Autliorilies.

Estimated
do

Railroad reports of shipments
do
do
do

Mineral Resources of the United States.

do
do
do

Ceiisns
Mineral Resources of the United States.

do
do
do

Long tons.

(«)

400
10
100
175
400
800

1,483
3, 316
5,651
4,312
2, 528
5, 339
1,650
6,708
2,180

a One hundred and sixty tons manganiferous iron ore.

CALIFORNIA.

But one of the two manganese mines in California was in operation in

1893, the one near Alameda, in Alameda county, which produced 400 tons

carrying about 65 per cent, of binoxide of manganese, the value at the

mines being $2,000. As has heretofore been stated there is but a small

demand for manganese ores on the Pacific coast, chiefly for use in the

manufacture of chlorine gas to be used in working sulphuret gold ores.

The total amount of manganese produced in California up to the close of

1890 is estimated to be between 6,000 and 6,500 tons. This estimate is

made on the basis that 5,000 tons was mined for shipment to England

from 1867 to 1874. After 1874 only small amounts were produced each

year, none being produced in 1892, and in 1893, as stated above, the

product was 400 tons..

As nearly as can be ascertained, the following table represents the

production of manganese in California from the beginning of mining

to the close of 1893:
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Total production of manganese in California to December 31, 1805.

Years.
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The sliipmeuts and average valuecent,, the average being 15 per cent

from several mines were as follows;

Skijimeniii of manganiferous siUer ore from several mines in Colorado in 1S03, ivith their

j)erc6ntage of vianganeae and value.

Amounts of
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and to the discovery and working of the enormous deposits in Eussia.

Possibly if the demand and i^rice were better, mining would be resumed

at many points where no work is now being done and search for addi-

tional pockets would be active, resulting no doubt in the discovery of

ore in paying quantities.

Practically all the ore mined in Georgia is from the Cartersville dis-

trict, in which mining began in 1866. The ore varies greatly in char-

acter. Much of that mined in 1893 was higher than the average of past

years, some mines yielding an ore running as high as 48 per cent. The
probability is that the average of the ore shipped from Georgia in 1893

was considerably above the average for previous years.

Descriptions of the manganese belt and methods of mining can be

found in the report on manganese in the Mineral Kesources, volume

for 1892.

The following table shows the production of manganese mined in

Georgia since 1866

:

Production of manganese ore in Georgia from 1866 to 1893, inclusive.

Tears.
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in manganese to justify its grading usually into three grades, some-

times into two only, one grade being iron ore proper and the other

grades those containing 4 per cent, or more of manganese. When a

third grading is made it is usually on the basis of a 10 per cent, ore or

higher.

During 1893 the Late Superior region, chiefly the Gogebic and Mar-

quette districts, produced 110,648 tons of manganiferous iron ore car-

rying from 4.67 to 22 per cent, of manganese, valued at $257,147, or

$2.32 a ton.

The production of manganiferous iron ore in the Lake Superior

region, so far as it has been ascertained, is as follows:

FroduGtion of manganiferous iron ore in the Lake Superior regionsfrom 1886 to 1893.

Years.
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MOISTTANA.

Manganiferous silver ores similar in character to those of Colorado

are found in Montana, at Neihart, Meagher county. They occur in

the form of black and brown oxides covering the sulphide ores of sil-

ver. The ore is associated with sulphate of baryta.

But little account is taken of the manganese, it being shipped to

Grreat Falls to assist iu smelting the silver ores-. At Castle, Meagher
county, are some very large veins of black oxide of a purer quality

than that at Neihart. These carry small amounts of lead, but at jjres-

ent they are not worked.

So far as has been ascertained these are the only deposits of man-
ganiferous silver ores in north Montana.

Through the courtesy of Mr. Frank M, Smith, superintendent of the

United Smelting and Eefining Company's smelter, Montana, we have
the following statement regarding the shipments of silver-bearing

manganiferous ores from Meagher county, Montana.

"The shipments were practically from one camp, Neihart, and the

greater bulk from one mine, the Gait. This ore was all shipped to the

United Smelter so that its receipts really represent the total output.

The manganese contents are quite small, usually running from 5 to 7

per cent. In lead smelting, manganese is of value to the smelter as

a flux and in practice is treated the same as iron. It is also of value

to the miner in this way. Smaller prices are charged for treatment

according as the percentages of iron and manganese are higher and
tbat of silica lower. In other words, the treatment charges increase

with the excess of silica, and therefore the manganese contents are

of importance in determining this excess."

The following are a few average analyses of manganiferous silver

ore from the Gait mine.

Analyses of manganiferous silver ores frovi the Gait mine, Montana.

Silica
Iron
Manganese
Sulphur
Zinc
Barium sulphate
Alumina (about 6 per cent)
Lead
Silver, ounces per ton

.

4 cars,

Apr., 1S93

Per cent.

18.8
5.5
6.9
5.0
6.9

28.3

8.7
128.7

5 cars,
June, 1893.

Per cent.

23.2
6.5
9.6
4.2

23.4

5.6
72.0

5 cars,

Oct., 1893.

Per cent.

21.4
5.8
6.7
5.0

25.2

6.0
77.4

6 cars.
Dec, 1893.

Per cent.

26.7
5.3
5.9
3.5

22.2

9.1
105.6

"There were received in 1893 from the Gait Mining company 2,509,-

432 pounds, or 65 car loads, of ore, amounting therefore to 1,254.7 tons.

The receipts of ore from other mines, including the Nevada, Lizzie, and
others, which contained from 5 to 7 per cent, of manganese, would
probably bring the total output of this character of ore up to 1,500

tons for 1893,"
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NE^V JERSEY.

The only manganese-bearing ores produced in New Jersey are the

zinc ores of Sussex county. These ores, which the writer has termed

mauganiferous zinc ores, are mined primarily for their zinc contents,

though carrying from 2 to 20 per cent, of manganese.

The production of these ores since 1889, at which time the statistics

of their production were first ascertained, is given elsewhere in this

report under the title Production of Manganiferous Zinc Ores, page 122.

SOUTH DAKOTA.

Considerable manganese, varying in richness from 30 to 92 per cent,

binoxide and from 0.05 to 0.40 of phosi)horus is found in Ouster county,

South Dakota. But there is little use for it in the neighborhood of the

mines, and the cost of transportation to market is too great to justify

the shipping of any but the highest grade ore. Arrangements are in

progress looking to the mining of some of the highest grade of this ore

for shipment to chemical works.

NORTH CAR OX, IN A.

But one shipment of manganese, a sample lot of 20 tons from Gaston

county, is reported from North Carolina in 1893. This was from the out-

crop of a vein near the surface and had the following composition:

Analysis of manganesefrom North Carolina.

Constituents.

-* :

Silica
Iron
Manganese

Per cent.

3.6
6.0
20.0

The ore had no value.

The production of manganese in this State from 1886 to 1893, so far

as it has been ascertained, is as follows

:

Production of manganese in North Carolina from 1886 to 1893.

Tears.

1886.
1887.
1888.
1889.
1890.
1891 .

1892 .

1893 ,

Long
tons.

SOUTH CAROLINA.

No manganese was produced in this State in any of the years from

1890 to 1893, though there are quite extensive deposits of both man-

ganese and manganiferous iron ores in the State, some of it of a very
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higli grade. One mine near Abbeville, which has not been worked for

six or eight years, prodnced an ore running from 40 to 50 per cent, of

manganese, which was shipped to Liverpool for chemical puri)oses.

The price obtained, however, is not sufficient to make the mining and
ti'ansportation of the ore profitable.

The total production o/f manganese ore in South Carolina, so far as

the same has been ascertained, is given in the following table

:

Totalproduction of manganese ore in South Carolina.
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abundant. Should the demand justify it, large amounts will be ship-

ped in 1894.

There are other deposits in Unicoi county which carry considerable

manganese, but are too high in i)hosphorous to be available at the

present time.

The first manganese produced in the United States, so far as has

been ascertained, was mined in Tennessee for use in coloring earthen-

ware. The production at this mine was begun in 1837, and it still

continues, but has never amounted to more than a feW hundred pounds

each year. Outside of this, up to 1893, so far as has been ascertained,

but 96 tons of manganese have been iDroduced in this state.

The total production of manganese ore from 1886 to 1893, so far as

the same has been ascertained, with the exception of that produced for

coloring earthenware, is as follows

:

Production of manganese in Tennesseefrom 1S86 to 1893.

Years.
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VIRGINIA.

Tbongli there was a material decline in the production of manganese
in Virginia in 1893, this State has again resumed the first rank as a

producer of manganese ores in tlie United States, from which it was
displaced by Arkansas in 1892, The total production of manganese
ores proper in Virginia in 1893 was 4,092 tons as compared with G,079

tons in 1892. The production of manganiferous iron ores has also

fallen from 2,842 tons in 1892 to 1,188 tons in 1893. As was tlie case

in 1892, the chief cause of the decline in production of manganese ores

in Virginia was the reduced production at Crimora. The production at

this mine in 1893 was but 2,597 tons as compared with 4,389 tons in

1892 and 13,645 tons in 1891. The Orimora mines have not produced

as small an amount of manganese since 1882, when the production was
1,652 tons.

The manganese-ore deposits of Virginia have been so thoroughly-

described in previous volumes of Mineral Eesources that it is not nec-

essary to repeat the descriptions here. There have been no new devel-

opments of any importance in Virginia in 1893. This State still has

more known deposits of this mineral, which are spread over a greater

extent of territory than any other State. More localities have been

worked and more manganese has been raised here than in any other

State. The chief mangfinese produotion in this State has been in the

Shenandoah valley. In this valley, south of Eoanoke, there are very

promising indications, but no great amount of ore has been raised. In

addition to the manganese ore that is produced in the Shenandoah
valley, chiefly from Crimora, manganiferous iron ore is now produced

there in the Blue Ridge mountains in Augusta county.

The production of the Crimora mine and the adjoining mine, the Old
Dominion, which were worked as one from 1886 to 1890, and from which

the larger proportion of the manganese ore mined in Virginia was taken,

has been as follows

:

Product of the Crimora mine, Virginia.

Tears. Tons.

Prior to 1869
May, 1869, to February, 1876
February, 1876, to December, 1878 .

December, 1878, to December, 1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892 ,

1893 ,

5,684
280

2,326
1,602
2, 963
2,495
1,652
5,185
8, 804
18,212
19, 382
19, mo
10, 1(10

12, 974

11, 332
13, 645

4, 389
2,597
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The total production of manganese in Virginia from 1880 to 1893,

inclusive, is shown in the following table:

Production of manganese ore and manganiferous iron ore in Virginia from 1880 to 1893.

Tears.
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The only statements of production ate exports, wliicli are regarded

as showing the total product. On this basis the production of man-

ganese in Kew Brunsw ick since 1868 is as follows

:

Production of manganese ores in New Brunswick, 186S to 1893, and value of same.

Tears.

1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880

Product.

Long tons.
861
332
140
954

1,075
1,031

776
194
391
785
520

1,732
2,100

Value.

$19,

6,

3,

8,

24,

20,

16,

5,

7,

12,

5,

20,

31,

Tears.

1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.

Product.

Long tons.

1,504
771

1,013
469

1,607
1,377
837

1,094
1,377
1,729

233

10

Value.

$22, 532
14, 227

16, 708
9,035

29, 595
27, 484
20, 572

16, 073
26, 326
34, 248

6,131

112

Ifova Scotia.—Manganese has been mined in this province at least

since 1861. The ores, nature, and mode of occurrence of manganese in

]|^ova Scotia are similar to those of New Brunswick, though the produc-

tion is much smaller than that of the latter province. The ore of Nova
Scotia, however, averages a much higher grade than that of New Bruns-

wick. The most important mine in Nova Scotia is on the south shore

of Minas basin, midway between Noel and Walton, known as the Teny
cape, which, since its discovery in 1862, has been operated more or less

extensively. Deposits similar to that at Teny cape have been worked at

other places on the south shore of the Minas basin, while on the north

shore no important deposits have been noted, though some of the iron

ores in the neighborhood of Londonderry are highly manganiferous.

This is also the case with many of the iron ores of both Colchester and
Pictou counties.

The production of mmganese in Nova Scotia since 1861, so far as the

figures have been ascertained, is given in the following table.

Production of manganese in Nova Scotia from 1861 to 1893.

Tears.
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CUBA.

The principal Cuban deposits of manganese, which are located in the

province of Santiago de Cuba, have already been thoroughly described.

The most abundant ores are pyrolusite and psiloruelane. The exporta-

tion of manganese ore from the mines near Santiago since 1888 is as

follows

:

Exportation of manganese ores from Santiago district, Cuba, from 1S88 to 1893.

Tears.
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The deposits in South Kussia are in the government of Ekaterino-

slav, near Nikopol, wliere they occur in beds 3^ feet thick in Eocene

rocks. Nikopol is in South Russia, some 125 miles north of the western

extremity of the sea of Azov, and on the Dneiper river, some 100 miles

from its entrance into the gulf of Odessa. These deposits were first

worked in 1886. The better class of ores carries some 57 per cent, of

manganese. The mines of manganese in the Caucasus region are

limited almost exclusively to the Sharopan district of the government

of Kutais. These mines are not far from the extreme eastern shore of

the Black sea, near Poti, some 26 miles from Kvirili station, on the

Trans-Oaucasian railway. This ore carries about 56 per cent, of metal-

lic m anganese. There are also deposits of manganese ore near the

Samtredi and Novo-Senaki railway stations. Manganese ore is also

produced to a small extent in other parts of the district of Kutais and

in the government of Tiflis.

The most important mines, however, and the ones that are of espe-

cial importance to the producers and consumers of manganese in other

sections of the world, are those of Sharopan.

British Consul Stevens has lately made a report on the manganese
ore of Sharopan, from which we make the following extracts

:

"The manganese-ore industry of the district of Sharopan, govern-

ment of Kutais, is one of the chief sources of Caucasian wealth. Its

significance, even in its present early period of existence, is a question

of vital importance to the population of the government of 'Kutais, as

also to the whole of the Russian Empire; for Russia, which annually

furnishes over 150,000 tons of this ore to other European nations for

use in making steel, has become one of the largest exporting countries

of the world.

"England takes more than half the quantity she requires from the

Caucasus, and is thus one of the largest consumers of this mineral.

Many other first-rate European powers use considerable quantities of

Trans-Caucasian manganese at their steel works. Within the last few

years the already existing great demand for this particular kind of ore

has been Increased by the fact that America has likewise become a

consumer, and there is every prospect that on the completion of the

Ohiatur branch of the Trans-Caucasian railway a still further augmen-
tation in the demand will take place.

"The manganese-ore industry furnishes labor for the more or less

poverty-stricken inhabitants of that province, where the insufficiency

of the lands allotted to them and the barren soil are more seriously

felt than in other parts of the Caucasus, and where a large proportion

of the peasantry has been compelled for some time past, in conse-

quence of the almost total failure of the vine crop, which has been

repeatedly destroyed by the phylloxera, to seek for employment in

other parts of the country. The industry has, therefore, become a most
important factor in the existence of the inhabitants, and during the
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last few years the population of Imeretia alone has earned over

$725,000 per annum for working the mines and transporting the ore to

the railway station of Kvirili.

" The ore is obtained exclusively in the district of Sharopan, near the

village of Chiatur, about 26^ miles from the village of Kvirili, the

administrative and commercial center of the district. Most of the

mines are situated in this locality, and they extend over an area of 13

square miles. According to the latest approximate estimate they con-

tain 66,500,000 tons of ore, and it is calculated that at the present rate

of activity it will take over two hundred years to exhaust the district.

" Mining was begun in 1879, when 871 tons of ore were produced

;

in 1880, 4,081 tons were obtained from the mines ; five years later, i. e.,

in 1885, the quantity exported was 20,370 tons; in 1889, 137,097 tons;

and this year, 1893, after the completion of the construction of the

railway, it is expected that the exports will reach 322,581 tons.

" In the year 1879 the representatives of several large foreign firms,

such as Krupp & Co., visited the ore fields, leased several plots of land

and commenced to work the ore. Their example was quickly foUowed

by the natives, and several local commercial and enterprising men, who
were well acquainted with the conditions of the soil, likewise started

to work the mines. They appropriated the best plots of land, and thus

became the desperate rivals of the foreigners. The landed proprie-

tors next stepped in, and the foreigners eventually had to give away

to the natives, who have ever since continued to work the mines with

the most primitive appliances and without much application; for it

can safely be said that during these many years only the ore nearer

to the outside edge of the mountains has been touched.

"The Chiatur manganese ore fields are situated in a very mountain-

ous and difficult country following the course of the river Kvirili, at a

height of from 700 feet to 1,050 feet above the village itself. The mines

are distributed in groups from 1^ to 3^ miles distant from the village,

and are connected with the latter by narrow cattle tracks which wind

in zigzags over rocky ground, vertically placed precipices and project-

ing rocks, where obstructions are frequently met with. Access to them

is therefore rendered dangerous, and the ore has to be transported in

small quantities at a time on the backs of pack animals, horses being

chiefly used. In wet weather, when these tracks become almost impas-

sable, many accidents occur both with man and beast during the tran-

sit of the ore. The industry is therefore entirely dependent on the

elements, and in the autumn of the year 1891, which was exceptionally

wet, a sensible decline, as compared with the same period of the previ-

ous year, was observed in the quantity of ore brought down from the

mines to the railway station of Kvirili. The natural result of the

defective condition of these tracks is that the i)rices for transporting

the ore fluctuate considerably, and have a very injurious effect on tbs

progress of the industry. In the year 1891 the cost price of the ore at'
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the station of Kvirili was 14 to 18 cents for every pood of 36 pounds

avoirdupois weight delivered, whereas in the autumn of the same year

the transport from Chiatur to Kvirili alone cost the producers 15 cents

for the same weight. It is evident that under these circumstances the

industry can not be developed with any advantage to those concerned,

and that the narrow gauge branch line which is now being brought to

completion will have the good effect of removing the existing abnormal

state of affairs, and will give the industry a fresh impetus and a certain

amount of stability. It is also certain that at no distant date the diffi-

culties at present experienced in the transport of the ore from the mines

to Chiatur will likewise be remedied. Attempts in this direction have

already been made by two French engineers who belonged to a manga-

nese ore company which some time ago was trading under the style of

'Terre ]!^oir.' These two gentlemen worked out a project, by which it

was proposed to send the ore down from the E.gan mines to the Chiatur

valley by means of trucks to be let down the slope of an embankment
by an endless chain on blocks which were also to haul up the emjity

trucks in their descent. All the necessary arrangements for carrying

out this project had been made, and the required materials procured,

when the company failed and the matter was dropped. The service

that the realization of this project would render to the industry is

beyond all conception, and the daily limited quantity of ore which is

now being brought down to Chiatur could be doubled and trebled with

the greatest ease.

"Other drawbacks are experienced in the conditions under which

the manganese ore industry of the Caucasus is carried on. Five moun-

tains rise in an almost perijendicular slope from the bed of the river

Kvirili, three of which, i. e., Sedorgani-Egani, Gwimewi, and Dar-

quetti, are situated on its right bank, and two, viz., Shukrutti and

Perewissi, on the left, they contain at almost equal distances from the

level of the river a layer of manganese ore of considerable depth, which

is alternately found between layers of chalk, earth, and other sub-

stances. The three mountains on the right and the two on the left

banks are detached from each other by rivulets which discharge their

waters into the river Kvirili, and those slopes of the five mountains

that are nearest to the village of Chiatur have been pierced, by the

mine owners.

"A perpendicular layer of soil on tine slope of the mountain is first

removed; and together with the earth, stone, and manganese dust

obtained from tunnelling, a sufficiently spacious plateau or unsupported

embankment is made, on which sheds, etc., are erected, and along wliich

a road is constructed. Subsequently, by means of a tunnel pierced

through the sides, the mountain is entered and a horizontal gallery

from which the ore is obtained is excavated. The interior of this gal-

lery seldom or ever reaches a greater longitudinal depth than 35 feet,

and only in extreme cases one meets with a pit of medium length. In
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most cases after the first mentioned length is attained the gallery is

abandoned in favor of other similar short ones excavated parallel to

the original one at a distance of from 10 feet 6 inches to 28 feet from

it. The supports in the galleries are few and far between, and land-

slips in the mines are of frequent occurrence. It is only in a very few

instances, and exclusively in mines owned by wealthier classes, that

properly constructed galleries are to be met with, and where operations

are carried on with any regard to the generally accepted rules of min-

ing; even here the waste of ore is enormous. A considerable loss is

also sustained through not utilizing the dust produced by the ore while

being handled, which together with other detached parts go to waste

instead of being made up into bricks, etc., and thus profitably turned

to account. The work in connection with the production of the ore is

heavy, is leased out to the miners by piecework and paid for per cubic

'sajen' of 22^ tons of pure ore. The time occupied by four men to pro-

cure this quantity is about twenty days, and the price paid for the

workmen, including their tools, petroleum lamps and oil, is about

$19.25 per cubic ' sajen' of 22^ tons pure ore. The price for the lease

of the land is $9.68 for the same quantity.

"The number of obtainable experienced hands is very limited; most

of the men employed come from the neighboring villages to seek labor

when pushed to do so by the total absence of work nearer their homes.

No permament miners are to be found in the locality, and only a very

small proportion of the laborers remain on the premises for a period of

eight months out of the year.

"The conditions under which the miners live are bad. No properly

constructed barracks are to be found in the vicinity of the mines; they

simply have to put up in hovels or in the galleries, which are damp
and where they are exposed to the danger of landslips, etc. They eat

but little, content themselves with maize cake, a few drops of inferior

wine, and it is only on feast days they allow themselves the luxury ot

eating meat, which is sent them by their families.

"Although the rate paid for the production of the ore is, compara-

tively speaking, small, yet in view of the scanty requirements of the

population it suffices to form a source of support for the short-landed

peasantrj^ of the district of Sharopan.

"The transport of the ore from the mines to Ohiatar is a matter of

essential importance to the population, since it gives a laborer possess-

ing a pack horse the possibility of earning $1.21 per diem for the eight

trips which he is able to accomplish between the mines and that village

from sunrise to sunset.

"The transport of the ore from Ohiatur to Kvirili is not so profitable,

the distance is much greater, and under the best circumstances a man
with his horse can only gain 38 cents i^er day; an Imeretian two-

wheeled vehicle, commonly called an arba, and drawned by two buffa-

loes, earns 60 cents; and a Georgian arba, which is of somewhat larger
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dimensions than the Imeretian cart, gets $1 for each trip made to the

railway station.

"The land owners, as already mentioned, receive payment for the lease

or the right of excavating mines on their lands at the rate of $9.08 per

cubic sajen of 22^ tons of pure ore, and it is calculated that at this rate

they, on an average, receive 1 cent for every 36 English pounds of ore

produced, which, roughly estimated, brings them in an annual income
of about $290,400. From the present year, however, it is supposed that

the revenues obtained by the landowners from this source will, at the

very least, be doubled, even if the rate paid is allowed to remain at its

original figure, which can hardly be hoped for. The immediate result of

the construction of the Chiatur line will be the extension of the exports

of the ore, compensation to the landowners for their plots, the increase

of the area of land now worked, and the swelling of the income of the

landowners. Calculating the price for the lease of land to be 1 cent,

the cost of procuring ore at the mines 1^ cents, cartage to Chiatur 2J
cents, its transport to Kvirili 10 cents, railway freight from Kvirili to

the seaboard 1^ cents, including export duty, and an additional 1 cent

for loading and discharging expenses, the cost of the ore delivered at

Poti or Batoum is 17^ cents for every 36 pounds avoirduj)ois weight.

Seventeen and one-half cents multiplied by 62 pouds of 36 pounds avoir-

dupois to the ton is equal to $10.85 per ton of 50 per cent, metallic con-

tents, which is equivalent to 21.70 cents per unit free on board at Poti,,

humidity and loss in weight during the transit of the ore excluded. At
22 cents per unit at Poti, humidity and loss included, the producer sus-

tains a loss, and in fact nobody can afford to sell the ore for proiupt

delivery at these figures ; but this rate is only established in view of

the impending completion of the railway, which, it is stated, will start

traffic along the whole of its length in October, when the price for the

transport of the ore from Chiatur to Sharopan (near Kvirili) will be
subjected to a reduction of 6 cents per ton.

"All these figures are based on a minimum cost of transport and on
the supposition that the ore is procured under the most favorable con-

ditions; but should a rise in the cost of transport from the mines to the

village of Chiatur take place, as was the case in the autumn of 1891, in

consequence of the defective state of the cattle tracks, or should the

railway not be completed in time, the producers will sustain considera-

ble loss. The prices of the ore are determined by England, which, as

has already been said, is the largest consumer, and the average rate of

freight paid from the Black Sea to the United Kingdom or continent is

$3 to $3.15 per ton.

"The ore obtained in the Chiatur mines when thoroughly well pre-

pared contains 54 to 55 per cent, of metallic contents, or 83 to 87 p^
cent, of peroxide when dried at 212° F., and never over 0.16 per cent, of

phosphorus. This is the standard quality of the Chiatur ore, but it is

brought down to 50 per cent, metallic contents by the admixture of an
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ore of inferior quality which, is obtained at a very low ijrice, and thus

enables the producer to dispose of it at a reduced rate.

''Henceforward the Caucasian manganese ore industry will enter a

new phase of development. The Ohiatur branch railway, which is

intended for the exclusive conveyance of the ore from the above village

to Sharopan, is approaching completion. At (^-hiatur the ore will be

loaded into trucks and transferred into wagons at Sharopan for further

transport to the seaboard, viz., Batoum and Poti. There can be little

doubt as to the importance of this railway for the regular development

of the ore industry."

The total production of manganese ore in Russia during the last ten

years is given in the following tables, reprinted from the report on the

Mining Industry of Russia prepared for the World's Columbian Expo-

sition. In making up these tables from the Russian sources we have

taken 62.1 ponds as the equivalent of a long ton of 2,240 pounds, the

poud being regarded as 36.0678 pounds.

Production of manganese in Russia from 1S81 to 1800.

Tears. Caucasus. Ural.
Ekaterino-

slav.
Total.

1881
1882
1883
1884
1885
1886
1887
1888
1889
1890

Long tons.

11, 048
12,287
15, 700
20, 338
58, 628
68, 311
52, 773
29, 353
68, 328

168, 568

Long tons. Long ions.

1,900
1,063
1,422

881
805
805

1,332
2,885
2,311

4,026
3,645
1,443
5,499
8,504

Long tons.

11, 048
14, 187
16, 763
21, 760
59, 509
73, 142
57, 223
32,128
76, 712

179, 383

The following table shows the exports of manganese from Russia

from 1882 to 1890:

Exports of manganese ore from Russia from 18SS to 1890.

Tears.

1882
1883
1884
1885
1880

Exports.

Long tons.

9,062
14, 034
20, 093

41, 337
54, 805

1887
1888
1889
1890

Exports.

Long tons.

59, 427
48, 997
55, 400

130, 910

The following table shows the exports of manganese ore from Russia

to the different countries in 1888, 1889, and 1890. It should be noted

that the ore imported to Holland was probably destined for Gr«rman

works, and also that all ores transported by sea to Gibraltar are shown'

as exported to Great Britain, although some vessels are registered to

Gibraltar only, hence the following data can not be regarded as abso-

lutely correct.
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Countries.
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The statistics of production of niauganese in Spain, so far as we have
the same, are as follows, in metric tons

:

Production and value of manganese in Sjyain.

TC.ITS.
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tons in tbis table are the metric tons of 2,204 pounds. The value is in

francs.

Production of mcmganeso ore in Belgium.

Toaro.

1880.
1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1801.
1892.
1893.

Product.

Ions.
700
770
345
820
750

Value.

Francs.
4,000
4,000
1,750
4,100
3,750

750
12, 750
27, 787
20, 905
14, 255
18, 498

9,000
155,850
325, 0(10

248, COO
176, 000
254, 600

G E R M A ]sr Y .

Through the kindness of Dr. Hermann Wedding we are enabled to

make the following statement regarding the manganese ores of Ger-

many and their production.

The chief occurrence of manganese ore in Germany is on the right

bank of the river Ehine, in the districts of Wiesbaden and Coblentz.

Some small amounts are also found in Thuringia (Coburg-Gotha). The
principal mining district on the Rhine is at Weilburg, some 25.miles

northeast of Wiesbaden.
The production of manganese in Germany in the years named was

as follows

:

Production of manganese in Germany from 1S90 to 1892.

Years.
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give quite full statistics of production and prices. These statistics

from 1881 to 1892 are as follows:

Frodaction and value of manganese ores mined in Prussia from 1S81 to 1892.

Tears.

1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892

Quantity.

Tons.
11, 085
4,670
4, 573
7,750

14, 696
25, 045
36, 533
27, 307
44, 006
40, 131
36, 859
31, 388

Kilos.
719
525
885
911
480
496
942
680
497
236
518

Value.

Maries.
329, 599
140, 606
118, 430
179, 657
338, 760
737, 773
951, 831
613,542
901, 589
726, 785
727, 599
424, 348

Besides these true manganese ores many of the iron ores of Germany-

are manganiferous. This is especially true of the spathose ores of

Siegerland, and also of the brown iron ores of Upper Silesia, of Osna-

briick, and others. The amount of manganese iron ores from these

sources is unknown.
Regarding the imports and exports, Dr. Wedding remarks that, in view

of the fact that the characteristic peculiarities of German ores are

phosphorus und manganese, it is to be expected that the imports of true

manganese ores would be smaller than the exports. The imports for

1891 were 9,347,600 kilograms; the exports were 10,620,300 kilograms.

Of these imports and exports 209,800 kilograms were simply in transit.

In ordker, therefore, to arrive at the true imports and exports of man-

ganese ores into and from Germany this latter amount should be sub-

tracted from the figures showing imports and exports.

SWEDEN.

Through the kindness of Mr. K. A. Wallroth, of the Geological Sur-

vey of Sweden, we are enabled to make the following statement regard-

ing the manganese ores of that country:

Swedish manganese ores are of three different types: First, pyrolu-

site with mangauite; second, hausmannite with braunite; and third,

manganous carbonate and silicates of manganese, accompaoying iron

ores.

Ores of the first type occur at Bolet in Yestergotland, at Spexerejd

and Hohult in Smaland, in the parish of Leksand in Dalarne, and in a

few places in Dalsland.

At Bolet the pyrolusite is found in fissures in a gneiss or gneiss-

granitic rock. These fissures, which vary in breadth from a few milli-

meters to 1.5 to 1.7 meters, are filled with a breccia, and with chlorite,

mica, barytes, calcite, and in certain places pyrolusite and manganite,

with some braunite and wad, as infiltrating cement. The fissures, among
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wliicli three may be noticed, are of aboat 75 meters in length. The
inclosing gneiss-granite also contains small grains of pyrolnsite. The
ore, according to .analysis made in 1887, contains 53.17 per cent, of

manganese. The amount of ore obtained at Bolet was, in metric tons:

Product of manganese ores at Bulet, Sweden.

Tears.
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The amount of ores from these fields was in metric tons:

Production of manganese ores in Sweden.

Localities.
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T T A T. Y .

Tlioiigli both manjjanese and mangaiiiferons iron ores aro found in

many parts of the Kingdom of Italy and are mined to some extent, the

chief production of these ores is in Sardhiia. The ores are both black

and brown, the best grade carrying from 31 to 35 per cent, of metallic

manganese and the inferior grade about 20 per cent.

The production of manganese in Italy in the years from 1887 to 1891

is as follows:

Production of manganenc in Italy.

Tears. '

Xuraber
of mines.
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In 1802 tlie production of manganese ores proper in Greece was
lljTiG tons, andof maiigauiferous iron ore, 157,750 tons.

TURKEY.

Considerable manganese is produced in the various provinces of Tur-

key. The only recent figures we have are for Bosnia and Herzegov-

iuia, in Turlrey in Europe. The production of these provinces in 1892

was 7,819 tons of 2,240 pounds. No description of the character of the

ore or its occurrence has been received.

JAPAN.

IsText to the discoveries of the immense deposits of manganese in

Southern Russia, the most important recent find of this mineral, so far

as it relates to the United States, is in Japan. We are without infor-

mation as to the character or occurrence of the ore. The production,

however, from 1881 to the close of 1890 is as follows, the amounts being

in piculs of about 135 pounds

:

Production of manganese in Japan, from 1881 to 1890.

Tears.
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NEW SOUTH WALES.

Though Tnr5n5nTiese ores liave been foiTnd in considerable quantities

in New South Wales they cannot at present be profitably worked to

any extent, owing to the cost of carriage to the seaboard. In the
annual report of the secretary for mines for tlie year 189i5 quite a

number of analyses of manganese ore are given, some containing as

much as 53 per cent, of metallic manganese, and a large number
from 40 to 50 per cent.

The deposits seem to be of both brown and black oxide. The prin-

cipal deposits so far found are in the Bathurst and Bendemeer districts.

Up to the close of 1891 the total production of manganese ore in this

country is given as 238 tons, worth £665. The production since 1890

seems to have been as follows

:

Production and value of manganese in yeio South Wales, from 1S90 to 1892.

Tears.
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its production, which from 188 L to 1891 was, as far as the figures have
been ascertained, as follows:

Production and value of manganese in Queensland, from ISSl to 1891.

Years. •
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mineral, the statement being in long tons of 2,240 pounds and for the

latest years for which information has been received. The values are

in dollars.

World's production of manganese.

Countries. Tears. Product. Value

North America:
United States, manganese

Manganiferous iron..
Canada
Cuba

South America:
Chile

Europe and eastern Asia:
Russia
Germany
France
Belgium
Sweden, manganese

Manganiferous iron .

.

Bosnia and Herzegovinia.
Great Britain
Portugal
Austria
Italy
Spain
Greece, manganese

Manganiferous iron .

.

Oceanica

:

Japan
South Australia
New Zealand
New South Wales
Queensland

1893
1893
1893
1891

1891

1890
1890
1892
1891
1892
1892
1892
1893
1892
1891
1891
1890
1892
1892

1890
1891
1892
1892
1891

Long tons.

7,718
117, 782

228

21, 987

34, 4G4

179, 383
39. 715
31, 879
18, 206
7,932

58, 378
7,819
1,336
4,188
2,598
2,390

819
11. 716

157, 756

2,603
847
521
16
10

$66, 614
283, 2-ZS

14, 458

197, 825
49, 138

29, 125
12, 407

8,349
6,725

227
126
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Product.—The total production of aluminum readied 333,629 pounds
in 1893, an increase from 259,885 pounds in 1892. A small projoortion

of this was in the form of aluminum alloys, especially bronze, but a
large proportion of the bronze is made from metallic aluminum. The
greater part of the i^roduct left first hands in the form of ingots for

use as an addition to steel. It can be said that nearly all the steel

makers use a small proportion of aluminum with the result of less waste
in castings. For example, the amount of waste in crop ends on steel

rails is lessened profitably. Ingot aluminum also goes to manufac-

turers of aluminum cooking utensils, and this industry is extending

satisfactorily. The remainder of the product goes out as sheet and
wire for many purposes, including numberless experimental uses,

among them lithographing with aluminum plates instead of zinc

or lithgraphic stone. Some experiments in this direction, in the

map department of the U. S. GeologicS,l Survey, indicate that the

transfers obtained on aluminum are superior to those on zinc.

Production of aluminum in the United States.

Years.
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The following price lists for aluminum in various conditions are

given to correct the many misconcei)tious in this regard:

Frice list for aluminum ingots,

[Cents per pound.

1
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Price list for aluminum wire, B. and S. gauge.

159

Sizes.
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Three companies were engaged in raining banxite during 1893.

These were the Eepublic Mining and Manufactaring Company, which

operated mines at Hermitage furnace in Georgia and in the Dyke dis-

trict in Alabama; the Georgia Bauxite and Mining Company, which

operated the Comosena and Barnsley mines in Eidge valley, near

Adairsville, Bartow county, Georgia, and the Southern Bauxite Min-

ing and Manufacturing Company, which operated mines in the Dyke

district.

The total shipments made during the year were, from Georgia, 2,315

tons, and from Alabama, 6,764 tons.

The total product in 1892 amounted to 9,200 tons. The imports of

bauxite in recent years have been as follows

:

Imjgorts of lauxUe.

Calendar years.

1889
1890
1891
1892
1893

Quantity.

Poundi,
29, 945, 674
27, 503, 730
17, 936, 504
12, 804, 253
11, 431, 678

Value.

8,217

Bauxite has occupied the position of an ore for so short a time that

little has been known or written of its mode of occurrence and origin.

Information upon these points has the most direct bearing upofi the

economical development of the deposits, since it affords a basis for esti-

mating the probable extent and value of those already known and a

means of directing search for others. Much fruitless prospecting has

already been done and still more energy will be wasted as the demand

for the ore increases.

Location of the deposits.—Bauxite has thus far been found in com-

mercial quantities in only two localities in the United States. These

are in Arkansas and in the Coosa valley in Georgia and Alabama.

From the descriptions of Prof. J. C. Branner, State geologist, the

Arkansas deposits bear little resemblance in their geological relations

to those of the southern Appalachian. The ore is also inferior, contain-

ing a somewhat larger percentage both of silica and iron.

The Georgia and Alabama deposits are found irregularly distributed

within a narrow belt of country extending from Adairsville, Georgia,

southwestward a distance of 60 miles to the vicinity of Jacksonville,

Alabama. The only points within this region at which the ore has

been worked on a commercial scale are at Eidge valley, in Bartow

county, Georgia; at Hermitage furnace, 5 miles north of Eome,

Georgia; near Six Mile Station, south of Eome; and in the Dyke dis-

trict, near Eock Eun, Alabama. Only the first two and the last named
localities were productive during 1893.

Geological relations of the deposits.—In order to make clear the con-
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ditions under which the ore occurs aud to exphiin its probable mode ot

origin a brief account of the geoh^gy of the region will be given.

The rocks of the region range in age from Cambrian to Carboniferous,

but only the Upper Cambrian and Lower Silurian need be considered

in connection with the original aud present associations of the baux-

ite. The upper portion of the Cambrian consists of fine aluminous

shales between 2,000 and 3,000 feet in thickness, more calcareous in

their upper portion and passing locally into heavy beds of blue lime-

stone. Above these shales is the Knox dolomite, the most uniform

and persistent formation of the southern Appalachian region. It

consists of from 3,000 to 4,000 feet of gray, semi-crystalline, siliceous

dolomite. The silica is usually segregated in nodules and beds of

chert. These remain upon the surface, and with the other insoluble

constituents form a heavy residual mantle covering all the outcrops of

the formation. It is associated with these residual materials that

the extensive deposits of limonite and bauxite are found.

The geologic structure of the region under consideration is

exceptionally comxilicated. In addition to the folds which charac-

terize the entire Appalachian province and whose form is familiar

to all, the region is intersected by two series of faults. Its very

intimate connection with the bauxite deposits makes a somewhat

detailed description of the structure necessary.

In the northern portion of the ore-bearing belt the structure is

quite simple; the folds are broad and but little faulted. In the

central portion, between Eome and Cave Spring, it is more com-

plicated and the numerous narrow folds are comnionly faulted.

In the southern portion, particularly between Eome and Mount
Weisner, occurs the most complicated structure known in the

southern Appalachians.

A line of hills borders the Coosa-Oostanaula valley upon its souths

eastern side from Calhoun, Georgia, to Mount Weisner. These hills

are composed of Eome sandstone dii)ping toward the southeast and
they form the northwestern limit of the ore-bearing belt. East of this

line of hills is a valley underlain by Connasauga shales, also dipping

toward the southeast, under the Knox dolomite. From Eome south-

ward a number of narrow shale valleys penetrate a few miles within

the border of the dolomite. Each of these valleys corresponds in posi-

tion with a narrow anticlinal fold, in every case faulted upon its west-

ern side. Beyond these narrow folds a broad syncline of dolomite

extends eastward 15 or 20 miles to the limit of the metamorphic rocks.

In the region between Cave Spring and Eock Eun the original folds

have been almost entirely obliterated by subsequent faulting. Also in

this region folding was in progress during middle Silurian time. The
folds then formed were deeply eroded, and across the edges of the tilted

strata subsequent formations were laid down. During this and later

periods of folding, the massive beds of Cambrian quartzite formed

MIN 93 11
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rigid, buttresses which themselves resisted foldiug and against which
the less resistant strata were crushed by horizontal pressure. The
effects of great compression were thus concentrated within narrow
belts. It is in such a belt, along the western base of the Indian moun-
tain, in the vicinity of Eock Eun, Alabama, that the largest deposits

of bauxite are found.

The faults thus far mentioned are of the ordinary type found in the

southern Appalachians. Having been developed from steep or over-

turned folds by a continuation of the horizontal pressure to which the

latter are due, they are all thrust faults hading to the upthrow. The
inclination of the fault plane is steep, usually from 40° to 60° with the

horizon. They are in this region only from 3 or 4 to a dozen miles in

length, and the displacement of corresponding beds on opposite sides

of the fault-plane varies from a few feet to several thousand.

Other faults are found in this region, however, which have certain

less common features. These have been described elsewhere, and only

the main characteristics will be given here. They constitute the prin-

cipal dislocations of the region, and Avhile they resemble the former

class in being the result of horizontal compression they differ in the

angle of hade and the amount of displacement. The fault plane is

usually nearly horizontal, and in some cases it has been distorted by
subsequent folding together with the underlying and overlying

strata. When this subsequent folding has placed ijortions of the over-

thrust strata in a position where they would be protested from erosion

a minimum measure of the horizontal displacement is afforded. In one

case in this region the visible displacement is about 4^ miles, and
the total displacement is probably very much greater. A fault of this

class extends from Eome southwestward to Mount Weisner along the

western base of the Eome sandstone hills above mentioned. Follow-

ing the southeastern border of the Coosa valley, it has been named the

Coosa fault. Although its horizontal displacement can not be directly

proved to be as great as that of the Eome fault, the influence from

observed diiferences in contemporaneous deposits upon opposite sides

is that the displacement is certainly very great. There is also evidence

that the minor faults with stee]) hade are older than the broad major

thrusts, and that a considerable period of erosion separated the two
systems.

Thus it appears that the region has been the seat of orogenic activ-

ity from very early geologic time. In the middle Silurian, folds wore

formed and their crests were eroded. In late Carboniferous time, dur-

ing the great Appalachian revolution, a second generation of folds was
born and minor faults were developed, their distribution being deter-

mined largely by variations in the strata, particularly the resistant

masses of Cambrian rocks. And finally, after another long period of

erosion, the folded and faulted ma-ss was displaced upon a nearly hori-

zontal thrust plane.
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Roclc-weatliering.—The region shows evidence of having been sub-

jected for a very long time to conditions favoring sub-£erial rock

decay, and only moderately active degradation. Hence the surface is

deeply covered with a niantle of residual material, consisting of the

insoluble portions of the subterranes. This residual niantle is thinnest

over areas of shale and slate, thicker over areas of limestone in which

the insoluble matter makes up a small portion only of the rock-mass,

and thickest over areas of the Knox dolomite. The insoluble constit-

uents of the latter are small quantities of iron and alumina and much
larger quantities of silica in the form of chert. Hence the residual

mantle is composed of ferruginous clay in which large amounts of chert

are imbedded. The deposit often attains a thickness of more than 50

feet, and in some cases reaches 100 feet or more; so that the dolomite

itself is rarely seen, except in the stream channels.

Mingled with the residual deposits which characterize each terrane,

especially in the vicinity of the high quartzite ridges, are greater or

less quantities of foreign debris. Near the base of Indian mountain

this frequently masks the characteristic residual deposits to such an

extent that it is extremely difficult to determine the areal distribution

of the several formations.

A further source of obscurity, in the same region, is the incipient

metamorphism which has affected some of the rocks, particularly the

chert of the Knox dolomite. The efl'ect generally produced has been a

change of the amorphous or chalcedonic silica, composing the chert,

into finely granular quartz. The chert loses its coherence and forms a

white cbalk-like substance, which readily disintegrates at the surface.

When the metamorphism has been carried a step further, it results in

the secondary deposition of silica, forming a peculiar jaspery rock, in

which the original character of the chert is wholly lost. In many
cases it is impossible to determine whether this jasper has been de-

rived from chert, sandstone, or quartzite. The metamorphism is inti-

mately associated with the faulting, and was doubtless produced by
thermal water, so that it belongs to a class of changes no longer taking

place at the surface in this region.

Form of the ore bodies.—The deposits in the Eock Eun district are

typical of tbe entire region and will be described in some detail. Four
bodies of the ore were being worked in 1893 on a considerable scale,

and all show practically the same form. The southernmost of the four,

called the Taylor bank, is located 3^ miles northeast of Eock Eun, near

the western base of Indian mountain. Although the heavy mantle of

residual material effectually conceals the underlying rocks, the ore

appears to be exactly upon the faulted contact between the narrow
belt of Knox dolomite on the northwest and the sandy shales and
quartzites of Indian mountain on the southeast. The ore is covered by
3 or 4 feet of red sandy clay in which numerous fragments of quartzite

are imbedded. The ore body is an irregularly oval mass, about 40 b^
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80 feet in size. Its contact with tlie surrounding residual clay, wher-

ever it could be observed, appeared to be sharp and distinct, and, about

the greater portion of its circumference, very nearly vertical. A cer-

tain amount of bedding is observable in the ore body, although no trace

of bedding can be detected in the surrounding residual material. Upon
the northwestern or down-hill side of the ore body this bedding is

very distinct. Layers of differently colored and differently textured

ore alternate in regular beds, a few inches in thickness, and above these

are thinner beds of chocolate and red material, probably containing

considerable kaolin. These beds have a steep dip, somewhat greater

than the slope of the hillside, but in the same direction. They are not

simply inclined planes, however, but are curved, so as to forma steeply-

I)itching trough. With increasing distance from the ore body, the

lamination becomes less distinct, and the beds pass gradually into a

homogeneous mottled clay.

At the Dyke bank, about a mile northeast of the one above described,

the stratification is well shown in portions of the deposit. Beds of

yellow and gray, fine-grained material, alternate with others of pisolitic

ore. The beds dip at an angle of about 40°, and are curved so as to

form a steep trough. The compact material also shows distinct cross-

bedding; both primary and secondary planes dipping in the same

direction.

In the Gain's Hill bank, about 250 yards north of the Dyke bank,

the ore-body shows a more regularly oval form than in most of the

other deposits, and is also somewhat dome-shaped, swelling out later-

ally from the surface downward, as far as the working has progressed.

Although some of the workings have gone to a considerable depth

(in a few cases 50 feet or more), the bottom of the ore-body has not

been reached in any case. The ore varies in composition with depth,

but not in a uniform manner, nor more than do different portions at

the same depth. The deepest pits have not gone below the base of the

surrounding residual mantle, so that no observations have yet been

made with regard to the relations between the ore and the country-

rock; and nothing has yet been observed which warrants the conclusion

that the ore, if followed to sufficient depth, will be found interbedded

with the underlying formations, or even that it will be found occupy-

ing cavities in the limestone, although the latter is quite possible.

Structure of the bauxite.—The ore shows considerable variety in

physical appearance, though it generally has a very characteristic

pisolitic structure. The individual pisolites vary in size from a frac-

tion of a millimeter to 3 or 4 centimeters in diameter, although most

commonly the diameter is from 3 to 5 millimeters. The matrix in

which they are imbedded is generally more compact and also lighter

in color. The larger pisolites are composed of numerous concentric

shells, separated by less compact substance or even open cavities, and

their interior portions readily crumble to a soft powd^j,
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In tliin sections the ore is seen to bo made up of amorphous flocculent

grains, and the various structures which it exhibits are produced by
the arrangement and degree of compactness of these grains. The
matrix in which the pisolites are imbedded may be composed of this

liocculent material segregated in an irregularly globular form or in com-

pact oolites, with sharply-defined outlines. Or both forms may be pres-

ent, the compact oolites being imbedded in a matrix composed of the

less definite bodies. In some cases the interstices between the oolites

are filled either wholly or in part with silica, apparently a secondary

deposition.

The pisolites also show considerable diversity in structure. In some
cases they are composed of exactly the same flocculent grains as the

surrounding matrix, from which they are separated by a thin shell of

slightly denser material. This sometimes shows a number of sharply-

defined concentric rings, and is then distinctly separated from the mat-

rix and the interior portion of the pisolite. The latter is also sometimes

composed of imperfectly-defined globular masses, and in other cases of

compact, uniform, and but slightly granular substance. It is always

filled witb cracks, which are regularly radial and concentric, in pro-

portion as the interior substance has a uniform texture. Branching from
the larger cracks, which, as a rule, are partially filled with quartz, very

minute cracks penetrate the intervening portions. Thus the pisolites

appear to have lost a portion of their substance, so that it no longer

fills the space within the outer shell, but has shrunk and formed the

radial cracks; but it is more probable that the shrinking observed is due
wholly to desiccation.

Scattered throughout the ground-mass are occasional fragments of

pisolites, whose irregular outlines have been covered to varying depths

by a deposit of the same material which forms the concentric shells, and
thus have been restored to spherical or oval forms.

Origin of the deposits.—The bauxites ofFrance are apparently residual

deposits from the decay of basalt. Eemains of the constituent min-

erals of the parent rock appear in the ore, as well as traces of the

original rock structure. The ore also occurs disseminated throughout

the residual material, and not, as in the case above described, in com-

pact bodies with well-defined limits. The Arkansas deposits, on the

other hand, occur as regularly stratified beds in rocks of Tertiary age.

They are found only near the contact with certain eruptive rocks, and
their origin seems to be closely connected with the latter. In both
localities, therefore, the relations of the ore differ so widely from those

of the Georgia-Alabama deposits that their origin must be explained

on a different theory.

No eruptive rocks, either ancient or modern, are found in the vicinity

of the latter, nor are there any rocks in this region which, by weather-

ing, could yield bauxite as a residual product. Hence, any satisfactory

explanation of the origin of these dex^osits must give the source from
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wliicli the material was derived, the means by wTiicTi it was trans-

ported, aud the process of its local accumulation.

As already stated in describing the stratigraphy of the region, the

ore is associated with the Knox dolomite or with calcareous sandy

shales immediately overlying the dolomite. The Connasauga, consist-

ing of 2,000 feet or more of aluminous shales, invariably underlies the

dolomite at greater or less distance beneath the ore-bearing regions,

and is probably the source from which the alumina was derived.

The faults of the region have been briefly described. Undoubtedly

such enormous dislocations of the strata generated a large amount of

heat. The fractures facilitated the circulation of water, and for con-

siderable periods the region was probably the seat of many thermal

springs. These heated waters appear to have been the agent by which

the bauxite was brought to the surface in some soluble form and there

precipitated.
' The chemical reactions by which the precipitation was effected are

not well understood, and the conditions were not such as can be readily

reproduced in the laboratory. Of the few soluble compounds of alumi-

num which occur in nature, only the sulphate and the double sulphate

of potash and alumina need be considered.

The oxygen contained in the meteoric waters percolating at great

depths through the fractured strata would readily oxidize the sulphides

disseminated in the aluminous shales. Sulphates would thus be formed

by a process strictly analogous to that commonly employed in the

manufacture of alum. Probably the most abundant product of the

process in nature was ferrous sulphate. Some sulphate of aluminum

must also have been formed together with the double sulphate of potas-

sium and aluminum, especially in the absence of sufficient potash to

form alum with the whole.

In its passage from the underlying shales through several thousand

feet of dolomite the heated water must have become highly charged

with lime, in addition to the ferrous and aluminous salts already in

solution. But calcium carbonate reacts upon aluminum sulphate and

to some extent also on alum, forming a gelatinous or flocculent precipi-

tate which consists of aluminum hydroxide and the basic sulpbate.

This reaction may have taken place at great depth and the resulting

flocculent precipitate may have been brought to the surface in suspen-

sion. From analogy with pisolitic sinter and travertine now forming,

such conditions would appear to be highly favorable for the production

of the structures actually found in the bauxite. The precipitate was

apparently collected in globular masses by the motion of the ascending

water, and constant changes in i^osition permitted these to be coated

with successive layers of more compact material. Finally, after hav-

ing received many such coatings, the pisolites were deposited on the

borders of the basin, and the interstices were filled by minute oolites

formed in a similar manner or by the flocculent precipitate itself.
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SligLt differences in the conditions prevailing in the several springs,

such as concentration, and relative jyroportion of the various salts in

solution, also temperature and flow of the water, would produce the

variation in the character of the ore observed at different points.

The bedding observed in the bauxite deposits may have been pro-

duced by the successive layers deposited on the steeply inclined outlet

of the basin. After the cessation of the spring action, surface creep

of the residual mantle from the higher portions ©f the ridges covered

the deposits to varying depths, as they are found at prese-nt.

A small portion of the ferrous sulphate was oxidized and precipi-

tated along with the bauxite, but the greater part was carried some dis-

tance from the springs and slowly oxidized, forming the widespread

deposits of limonite in this region.

This explanation of the origin of these deposits indicates the methods

to be pursued in the further development of the field. They are inti-

mately associated with the faults which intersect the strata of the

region. All the known deposits are either upon or very close to tliese

faults. Hence the first work of the prospector will be to locate the

faults in any new region which he is investigating. This in areas cov-

ered by residual material is a diificult matter and can be done only by
careful study of the geologic structure of a considerable region. Unlike

the iron ore, with which it is so intimately connected in its origin and

present association, the bauxite readily disintegrates at the surface so

that the largest deposits may be entirely concealed by a few feet of

residual soil. More careful search is therefore necessary for locating

bauxite than limonite deposits. So far as can be determined theoreti-

cally, all the conditions essential for the formation of bauxite deposits

similar to those described exist at many points in northwestern Georgia

and adjacent portions of Tennessee and Alabama. The ore has been

reported from the vicinity of Sommerville, Chattooga county, Georgia,

where the geologic conditions are favorable for its occurrence. It has

been found by the writer between Gadsden and Jacksonville, in Calhoun

county, Alabama, and is also reported from Jacksonville. This region

is similar in its geologic relations to that south of Eome.

The southern Appalachian bauxite deposits are by no means inex-

haustible, and many exaggerated claims have been made as to the

quantity of the ore. As shown above, the ore occurs in local accumula-

tions or " pockets" and not in a continuous bed, nor in anything resem-

bling a vein. ISTevertheless, basing an estimate upon the amount of ore

in sight in the various workings and the number of localities at which

it is known to occur, the quantity of ore is seen to be suificient for many
years to come to supply a much greater demand than now exists.
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Production.—Since the development of the Sudbury, Canada, mines

little nickel or cobalt has been produced in the United States. In 1893

the total product from the Gap mine, in Pennsylvania, and from the

nickel and cobalt speiss from Mine la Motte, Missouri, amounted to

about 49,413 x>ounds. Of this the Gap product is valued at 47^ cents

per pound, and that from Mine la Motte, which was exported as speiss,

at 15 cents per pound, making the total value of the product $22,197.

The total cobalt oxide product, including that exported in speiss, was

8,422 pounds, worth $10,346. The nickel matte imported from Canada

in 1893 amounted to 12,247,986 pounds. Much of this was made into

nickel oxide for addition to steel. The remainder became refined nickel

and sulphate. The total product of nickel at Sudbury, Canada, in 1893.

as determined by the Dominion Geological Survey, was 3,992,982 pounds,

which was exported as matte and ore. Most of it, as seen from the

above statement of receipts, came into the United States.

Product of the United States, 1876 to 189S.

Tears.
Metallic
nickel.

Nickel in
matte.

Nickel in
ore.

Nickel in
nickel am-
monium
sulphate.

Total. Value.

Pounds. Pounds. Pounds. Pounds.
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.

277, 034
6,500

245, 504
182, 345
183, 125
190, 637
209, 763

223, 488

4,582
52, 300
64, 550
14, 400
20, 000
10, 846

18, 000
5,600

42, 900
1,000

7,047
11, 595
12, 691

Pou,
201,

188,

150,

145,

233,

265
281,

58,

64,

277,

214,

205,

204
252,

223,

118,

92
49

ids.

367
211
890
120

$523, 554
301, 138
165, 979
162, 534
257, 282
292, 235
309, 777
52, 920
48, 412

179, 975
127, 157
133, 200
127, 632
151, 598
134, 092
71, 099
50, 739
22, 197

FroducHon of coialt oxide in the United States.

Tears.
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IMPORTS AND EXPORTS.

Niclcel imported and entered for consumption in the United Stales, ISGS to 189S, inclusive.

Tear endinj

June 30, 1868.
1869.
1870.
1871.

1872.
1873.
1874.
1875-
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884..

1885.

Dec. 31, 1886..

1887..

1889.
1890.
1891.

1893.

Nickel.

Quantity. Value

Pounds.

17, 701
26, 140
2,842
3,172
1,255

5,978
7,486

10, 496
38, 276
17, 933
22, 906
19, 015

$118, 058
134, 327
99,111
48, 133

27, 144
4,717
5,883
3,157

9,522
8,837
7,829

25, 758
14, 503

17, 924
13, 098

/ 566, 571
355, 455

260, 665
172, 476

Oxide and alloy of
nickel with copper.

Quantity. Value.

Pounds.

4,438

61,

135,

177,

161,

a 194,

105,

277,

439,

316,

367,

247,

^10, 245,

M, 487,

h\2, 427,

12
150
716
518
314
869
744
822
159
711
603
112
037
895
288
299
200
890

$3, 911

36
10

824
7,847
5,570

40, 311
107, 627
125, 736
119, 386
129, 733
64, 168

141, 546
205, 232
138, 290
156, 331
115, 614
148, 687
428, 062
386, 740

Total
value.

$118, 058
134, 327
99, 111
52, 044
27, 144
4,717
5,883
3,193

10
10, 346
16, 684
13, 399
66, 069

122, 130
143, 660
132. 484
129, 733
64, 166

6U1, 546
c 205, 232
d 138, 290
e 156, 331
376, 279
321, 163
428, 062
386, 740

oincludiiig metallic nickel,
fclncludiug $465 worth of manufactured nickel,
c Including $879 worth of manufactured nickel.

.

d Including $2,281 worth of manufactured nickel.
« Including $131 worth of manufactured nickel.
/Classified as nickel, nickel oxide, alloy of any kind in which nickel is the element or material ol

chief value.

g Classified as nickel and nickel matte.
AIncludes all nickel imports except manufactures.

Coialt oxide imported and entered for consumption in the United States, 1868 to 1893,
inclusive.

Years ending-
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metallic nickel smelted in France in 1892 amonnted to 1,244 tons, or

2,741,776 pounds. The x)roduction of Sweden was 33,000 pounds of

nickel and 15,000 pounds of cobalt oxide; Norway, 275,000 pounds of

nickel in 1892, while Prussia produced 747 tons of nickel and 54 tons of

cobalt oxide.

Little has been done in developing such deposits of nickel and cobalt

ores as are known in the United States. Some prospecting work was
done at Lovelock's station, Kevada. At Riddles, Douglas county, Ore-

gon, considerable money has been spent in development work by the

International Mckel Mining Company, including $10,000 spent in 1893,

principally for surface improvements, which now embrace a brick engine

and boiler house, containing an 18-inch by 48-inch Corliss engine and

300-horse power Sterling water-tube boiler, a sawmill, carpenter shop,

blacksmith shop, store, tool house, boarding houses, cottages, etc. ; and at

the railroad station the comj)any has two dryers, a rock-breaker, a smelt-

iug furnace, roasting furnaces, etc. E"o developments have been made
on Josephine creek, Josephine county, Oregon, where josephinite, a

natural alloy of nickel and iron, has been found.

GENESIS OP NICKEL ORES.

By R. L. Packard.

Occurrence.—The ores of nickel are at present prac^tically restricted

to the silicate and nickel-bearing pyrrhotite. The former is mined in

New Caledonia and occurs at Kiddles, Oregon, and nickel-bearing

pyrrhotite occurs extensively in Sudbury, Canada, Lancaster Gap,

Pennsylvania, in Norway and Sweden, and in less quantities at seve-

ral other places.

Origin.—Nickel in the form of silicate is brought to the earth's sur-

face in the first instance as a constituent of the ferro-magnesian miner-

als of certain basic eruptive rocks, and the pyrrhotite in which it and

its congener, cobalt, occur as sulphides has also been shown to be an

original constituent of basic eruptives. The fact that these metals

were brought up by basic rather than acid rocks is now stated with

full confidence and without comment in recent popular treatises on ore

deposits {see, e. g., DeLaunay, "Formation des gites Metalliferes"), and

the evidence on which such a general statement should be based is here

collected and presented.

The nickel ore of New Caledonia is a hydrated silicate of nickel and

magnesia (garnierite) which occurs intimately associated with serpen-

tine. The occurrence has been frequently described. The ore occurs

partly as a stockwork in the serpentine and partly in veins, and usually

near an ocherous clay, which, besid.es the iron oxide, contains chrome

iron ore and cobalt, derived frpm the serpentine. This clay is abun-

dant on the hills where the deposits occur which are described as con-

sisting of dunite (an olivine rock carrying chromite) and serpentine,

and the field observations showed that the nickel silicate is clearly an
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alteration product of the serpeiitiue wliicli, in turn, is derived from the

olivine of the dunite. The serpentine contains chioiiiiuni also afforded

by the dunite. Hot springs have played a conspicuous part in further-

ing the decomposition of the nickel-bearing serpeutine into garnierite

and the other products. (D. Levat. Progres de la Metallurgie du
nickel. Ann. des Mines 1892, and ¥. Benoit, referred to in Zeitschr. fiir

prakt. Geologic 1893, 8, p. 322.)

Ahydrated nickel magnesian silicate allied to garnieritehasbeen found
in large quantities at Riddles, Oregon, associated with serpentine and
accompanied by quartz (including chrysoprase), and chrome oxide, and
the occurrence has been noticed in former numbers of the Mineral

Resources. Mr. J. S. Diller, of the U. S. Geological Survey, made a

microscopic examination of thin sections of this mineral and the asso-

ciated rock, an account of which is given on page 445 of Vol. xxxv of

the American Journal of Science for 1888. The examination showed
the mineral intimately associated with quartz, and it was evident that

both had been deposited from solution. Its genesis was best shown
by its intimate intergrowth with serpentine, which is the alteration

product of olivine, portions of which latter mineral, still undecom]30sed

but coated with iron oxide and serpentine, were in close proximity to the

nickel silicate. Baron H. v. Foullon (Jahrb. der Kaiserl.Konigl. Geol.

Eeichsanstalt, 1892, 2), who visited the Riddles locality, identified the

olivine rock Avhich gave origin to the serpentine and nickel silicate as

Harzburgite, which consists of olivine, bronzite, picolite, an<l some
magnetite. This confirms the determination of Mr. G. P. Merrill.

{See Mineral Resources, 1887.) v. Foullon refers to Mr. Diller's examin-

ation and remarks that the field observations show the process of

alteration very strikingly. He gives details of this process and
described the conversion of the olivine into small blocks of serpentine

intersected by irregular fissures, which are bordered by the nickel

silicate until the appearance is that of a breccia or conglomerate of

pieces of serpentine cemented by the nickel magnesian silicate.

The same author describes the occurrence of a nickel silicate associ-

ated with serpentine at Revda, in the Urals, the serpentine being an
alteration product of the iron magnesian silicate, pyroxene. Mr. Dil-

ler's examination of genthite, the nickel silicate from Webster, l»rorth

Carolina, showed the same intimate association with serpentine as in

the case of the Riddles mineral. The thin section showed the genthite

in veins or branches intermingled with the serpentine, so that its ulti-

mate derivation from the nickeliferous olivine of the dunite, which
is the source of the serpentine, is unquestionable. Mr. Diller also

examined thin sections of the New Caledonian mineral, and the same
description would apply to it as to the others. It confirmed the field

observations given above.

Dr. Kosmann describes the nickel ore of Frankenstein, in Silesia, as

a magnesia nickel silicate occurring between stock-like serpentine
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masses, and it can be traced to the gabbro of the Enlengebirge. Some
of the silica set free, with the magnesia, from the decoini)osing serpen-

tine, is in the form of chrysoprase,(a) as was observed at Riddles by
Mr. Biddle.(&)

Many analyses of olivine and its derivative serjDentine, and of talc,

show considerable quantities of nickel; in olivine up to 0.5 j)er cent.,

in serpentine to 1.07 per cent., and in talc to 0.4 per cent., while the

pyroxenes, amphiboles, and micas contain much less. Basic eruptive

rocks, for example olivine-bearing rocks, such as gabbros and diabases,

nephelenites, etc., show high percentages of nickel oxide (up to 0.67

per cent.).(c)

The nickel oxide in American eruptive rocks, cited in Iddings's

Origin of Igneous Rocks, is not so high, the highest reaching 0.19 per

cent. The nickel in the above cases was originally present as oxide,

forming one of the bases in the silicates of which the basic rock was
composed, and subsequently, in the case of olivine, by an alteration of

the original mineral, the nickel oxide was enabled to enter into another

combination with silica, magnesia, and water. Acid rocks, e. g., gran-

ites, so far examined, do not show more than a trace of nickel (up to

0.001 per cent. Yogt).

The second original form in which nickel (and with it cobalt) has

been brought to the surface in a sufficiently concentrated form to be

commercially valuable is as a constituent of pyrrhotite. This nickel

(and cobalt) bearing pyrrhotite has been shown to be a normal constit-

uent of certain basic eruptive rocks (norites, gabbros, *gabbro-diorites)

in l^orway and Sweden, and in Canada, and occurs elsewhere in the

same class of rocks. Professor Vogt, in the i)aper before referred to,

gives a comprehensive petrographical description of the Scandinavian

occurrences, and briefly describes others in various parts of the world,

and is of the opinion that the generally observed association of

nickel sulphide ores with basic eruptive rocks forms a definite " world

group." A striking-feature of this association is the concentration of

the nickel-bearing pyrrhotite at the contact of the basic eruptives,

and this jDhenomenon Vogt regards as an instance of magmatic con-

centration or differentiation which may be explained as follows.

Petrographers regard the molten rock magma as analogous to a sat-

urated solution of different salts, and, from comparing the analyses ot

many eruptive rocks with those of the crystallized minerals they con-

tain and of their uncrystallized base (Lagorio); or from the analyses of

many volcanic and non-volcanic igneous rocks (Rosenbusch) they have
been led to suggest a general hypothetical formula for the molten sol-

vent and for the silicated nuclei or fluid (molten) molecules which may
crystallize from it as salts do from a solution. Lagorio says: "The

aZtschr. fiir prakt. GeoL, 1893, 6, p. 240.

SMiueral Resources, 1886.

c J. H. L. Vogt. Ztschr. fiir prakt. Geol. 1879, 7.
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molten rock magma is tlierefore nothing else than a supersatnrated

solution of difitereut silicates wliicli only need a slight impulse in order

to crystallize out in the form of oue compound or another, according to

the degree of saturation. The analogy with a solution of salts is com-

plete." (a) Vogt uses this analogy to assist in explaining the separa-

tion from the magma of the heavy oxides and sulphides. He remarks

that the greater fluidity of basic magmas renders the diffusion of fluid

molecules in them easier than in the more viscid magmas of acid rocks,

and consequently the concentration of heavy oxides, iron magnesian

silicates, and sulphides would meet with less resistance in basic mag-

mas. At any rate, this phenomenon is peculiar to the basic rocks.

The hypothetical explanation of the process of magmatic concentration,

however, is complicated by many considerations, e. g., chemical afiinity,

influence of osmotic pressure and gravity, solubility, etc. It is enough
for the present purpose to say that Vogt lays stress upon Soret's prin-

ciple to explain the phenomenon of the concentration of nickel- bearing

pyrrhotite at the contact of the basic eruptives.

This principle, briefly stated, is that if different portions of a

homogeneous solution of a salt have different temperatures the salt

will concentrate after a time in the cooler portions of the solution.

Yogt applies this principle, in the first place, to explain the formation

of basic contact zones in dikes of intrusive rocks, a phenomenon of fre-

quent occurrence. He uses, as an illustration, dikes of a mica-syenite

porphyry, in which the basic iron-magnesian minerals are concentrated

at the contact and the less basic toward the interior. The same min-

eral, feldspar, is the more basic labradorite at the contact and the

more acid oligoclase in the middle. This concentration at the cooler

portions of the dike he regards as analogous to the concentration of

the salt in the cooler portions of a solution. The nickel-bearing pyr-

rhotite also occurs at the contact of basic eruptive rocks like the other

basic minerals, and Vogt regards this circumstance as only another

instance of magmatic concentration in the cooler portions.

He demonstrates that the pyrrhotite in the Norwegian basic rocks is

not an intrusion, but is a normal constituent of the rock like its other

minerals, and he regards the zone of its occurrence as a contact facies

of the eruptive magma. The thin sections of the nickel-bearing rock

show the pyroxene, olivine, and mica, as well as the plagioclases, with

well maintained idiomorphic outlines, only with their angles and
edges somewhat rounded, lying porphyritically in the pyrrhotite,

'which might therefore be compared to the base of a porphyry.

The nickel-bearing pyrrhotite therefore solidified after the crystalli-

zation of the iron-magnesian silicates and feldspars had taken place.

That it was still fluid after their formation is shown by fissures in the

aTeclieruiac's MittM., 8, I887.
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bent porpliyritic minerals, filled with tlie pyrrhotite. Yogt uses the

terms pyrrhotite-uorite and pyrrhotite-gabbro to describe this rock.

No other occurrence of nickel-bearing pyrrhotite has received such a

comprehensive study as the Scandinavian. The others, although of

interest as illustrating the origin of the metal, are of little industrial

imi)ortance except the Sudberry district in Canada, which has become
the largest producer of nickel in the world.

This well-known locality has been frequently referred to in the Min-

eral Eesonrces. Its geology has been described by the geologists E.

Bell and v. Foullon, the latter author giving fuller details of the ore-

bearing rock itself, which he calls a diorite, although the rock varies

in character so that at some points it maybe called a gabbro. He says

that the varied mixture of sulx)hides and silicates, the former some-

times appearing as a ground mass, indicates a simultaneous origin of

both. At certain periods of the eruption the magma was rich in the

substances which made the formation of metallic sulphides possible,

and they separated out on cooling. He describes the alteration of

diallage to hornblende by uralitization, which would give a dioritic

character to the gabbro. He also describes an increase in quartz near

the contact (quartz-mica diorite), which he ascribes to the influence of

the quartzite through which the eruptive rock was forced.

Vogt, judging from specimens sent him, regards the ore-bearing rock

as the same with the nickel-bearing Swedish " gabbro-diorites." The
occurrence of the ore bodies at the contact of the intrusive rock with

the quartzite is a well-known feature of the Sudbury district, which

in that respect resembles the Swedish, although the petrographical

field is different. The pyrrhotite near St. Stephens, New Brunswick,

also occurs in diorites. No petrographical details of the occurrence

are given. (Geol. Survey of Canada, 1890-'91, ii, p. 112, S. S.)

The foregoing summary shows the warrant for the generalsBtatement

which is becoming common among writers on ore deposits, that nickel

was originally brought to the surface by basic rocks rather than acid.

As cobalt occurs in the same ores as nickel, but in a subordinate degree,

the same statement applies to that metal as well. The other form in

which nickel and cobalt occur, viz., in combination with arsenic, is now
of minor industrial importance. At Mine la Motte, Missouri, the

arsenides accompany the lead deposits in the sedimentary rocks

(Whitney), and this is not the form in which the metals first appeared,

'Elsewhere, also, the arsenides (and arseniates) are vein minerals, and
their metals are not in their original combinations.

Metallurgy,—The Mineral Resources for 1889 contained a full account

by Mr. E, D. Peters of the process of producing nickeliferous matte at

Sudbury. The further treatment of this matte has become the subject

of much experimenting, very largely on account of the necessity of

obto^iniDg copper-free nickel for the steel plates for navy vessels, B.
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Levat (a) describes the further treatment of tlie matte. It is refined

either in a reverberatory furnace (English method) or by Bessemeriz-

ing (French and German method).

The reverberatory refining requires two operations, each of which

inchides two phases, viz., roasting and fusion with quartzose sand to

scorify the iron. Each furnace treats two tons in twenty-four hours

and consumes two tons of coal, or weight for weight of the original

matte. Specimens are taken in the course of the operation which

lasts eight hours in order to arrest the work as soon as the iron has

disappeared so as to prevent the passage of the nickel into the slag.

The latter is never thrown away for it contains 2 to 2.5 per cent, nickel,

and also makes an excellent flux. The first operation in the reverbera-

tory gives mattes with 2.5 to 3 per cent, iron, the second 0.5 to 0.75 at

most. The refined matte should contain at least 16 per cent, of sul-

phur in order to be easily pulverized for subsequent operations. The
matte freed from iron has the following composition:

M (+ Co)
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If there is more than this the bath should be skimmed at least once

after the first twenty-five minutes and a new proportion of the flux added.

After the final skimming and when the nickel is found to be oxidizing

in its turn, the refined matte containing 0.5 per cent, of iron is run olf.

Arsenic, antimony and silver are carried off by the blast or enter into

the slag. This slag contains 14 or 15 per cent, of nickel, mostly in the

form of prills carried into the pasty mass by the blast. Part of this can

be recovered by running the slag into pots and allowing the metal to

sink to the bottom. The slag must be returned to the furnace.

It would seem natural to continue the action of the blast in the con-

verter upon the matte freed from iron in order to burn out the sulphur,

and so obtain refined nickel, which would then only need to be heated

in a reducing atmosphere to reduce the nickel oxide which might be

formed, as is done with copper. ISTumerous attempts have been made
for this purpose, but it appears impossible to succeed with nickel in

this way. After the iron has been removed tlie nickel oxidizes with

the sulphur and even more easily. Also, after the iron has disappeared

the temperature falls, which is easily understood because the combus-

tion of the sulphur, which is lessened by the affinity of sulphur for

nickel, does not compensate for the cooling due to the injection of the

air. The bath then tends to solidify, and this effect is the more speedy

as the uncombined nickel produced can only remain in the liquid state

at a very high temperature—near that of molten iron.

Various methods for effecting the separation of the nickel and copper

have been patented in the last year or two. In the absence of informa-

tion in regard to actual adoption of any of these, we can only give a

partial list.

T. McFarlane, October 11, 1892, No. 484,033. Eoasts the ore or matte

with a chloride, dissolves out the chloride formed, precipitates iron by

a weak alkali solution, adds a small quantity of sodium sulphide to

precipitate copper, and precipitates nickel from the remaining solution

by soda.

J. De Coppet, October 25, 1892, 484,875, and November 22, 1892,

486,594-5. After the iron has been slagged off, roasts the refined matte

and forms sulphates by using an oxidizing flame. May chloridize dur-

ing the operation. The sulphates 9,re leached out and if they contain

enough copper sulphate this solution may form the attacking liquid, if

not, copper sulphate must be added. The residue is reduced to metal

and is acted on by copper sulphate, which dissolves cobalt at the ordi-

nary temperature. After the cobalt is removed the same solvent at a

higher temperature dissolves nickel, in both cases depositing an equiva-

lent quantity ot copper.

ii. M. Thompson, patent of January 10, 1893, 489,574-6, smelts ores

or mattes with alkaline sulphides in excess, whereby nickel sulphide is

formed and sinks to the bottom of the crucible. The " tops " contain-
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ing alkaline sulphides are used again with crude nickel to form the

sulphide. The operation is repeated until the separation is satisfac-

tory. The crude nickel is formed by fusing matte with alkaline car-

bonates

Grant and Eichardson patent of January 31, 1893 fuse ores with
calcium sulphate and silica to remove the sulphur from the iron and slag

it off and leave nickel and copper sulphides.

C. 0. Bartlett patent of June 13, 1893, 499,314 smelts ore or matte
with niter cake, salt cake, or alkaline nitrates or carbonates, whereby
nickel sulphide is formed and sinks to the bottom. Eepeats the opera-

tion until pure nickel sulphide is obtained.

D. de P. Kicketts patent October 3, 1893, 505,846 obtains an acid

solution of the copper and nickel as sulphates, adds alkalies or alkaline

sulphates, still preserving the acidity of the liquid, in order to pre-

cipitate the nickel as a basic sulphate, separates the copper from the

acid liquid by electrolysis, and recovers the nickel from the sulphate.
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The Kings's Mountain locality in North Carolina was prospected

again during 1893, and much interesting information developed in

regard to the occurrence of cassiterite there.

King's Mountain is in Cleveland county, North Carolina. It is an
isolated point in the limestone considerably east of the Appalachian

range proper. The village of King's Mountain is near the foot of the

mountain on the west side. It is a station on the Richmond and Dan-

ville railroad. The fact that crystals of cassiterite could be found in

this locality was known as early as 1883, when Dr. Charles W. Dabney,

jr., found one on the main street of the village, and others were collect-

ed by a student named Claywell. At this time Dr. Dabney and others

contributed to a fand for prospecting the region, without, however,

finding any significant deposit of tin ore. During 1893, Mr. J. C. Hor-

ton recommenced the prospectiDg wi^h the idea that the earlier devel-

opments had been based on a mistaken conception of the arrangement

of the mineral-bearing lodes. The evidence developed is that Mr. Hor-

ton is correct, as will be seen by the following report of Mr. Titus Ulke,

mining engineer, who was sent as an expert agent of the U. S. Geo-

logical Survey. His report has particular value because of his careful

study of the occurrence of tin ore while assayer for the Harney Peak
interests in South Dakota.

THE OCCDBRENCE OF TIN ORE AT KING'S MOUNTAIN.

[By Titus Ulke.]

The village of King's Mountain is 1,200 feet in altitude, and is situ-

ated nearly on the dividing line between the limestones on the east and

the granites on the west. The granite shades into micaceous, hornblen-

dic, and tourmaline schists and then into ferruginous and manganifer-

ous talcose slates and quartzites, thus forming a belt 1 or 2 miles wide

and coursing nearly north and south.

In this belt, for some 8 miles above (north of) King's Mountain and

some 6 miles or more below it, there are narrow outcrops of greisen or

granite, which as a rule do not conform to the bedding of the country

rock. It has been previously supposed that they did. On the con-

trary, they take a course at almost right angles to it. These granite-

greisen dikes occur say every 700 to 1,000 feet; sometimes they carry

tin stone, and then are from 4 to 7 feet in width, and course from north

178
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28 degrees to 60 degrees west. The slates and schists course north

25 degrees east.

In the tin belt so-called " trap dikes " are frequently found. In

several cases these proved to be arms of the main granite or liornblen-

dic granite dikes, parallel to tlie dikes carrying cassiterite, and when
interbedded with the country rock, hornblende and tourmaline schists.

The credit belongs to Mr. J. G. Horton for calling the writer's atten-

tion to the error of certain geologists in supposing these tin dikes or

veins to be bedded deposits, coursing with the country formation. Mr.

Horton, acting on a theory more in accordance with the facts, and
developing a number of cassiterite outcrops, has discovered what seems

to be a very promising tin dike or vein. It is 2 miles from the vil-

lage ofKing's Mountain, and is designated as theChestnut Hill vein. In

the shaft sunk upon it the vein is 7 feet wide at a depth of 100 feet,

and carries about 3 per cent, of black tin, judging by what Mr. Horton
considered an average sample, outside of a very rich streak 14 to 18

inches wide in the middle of the vein, which, according to Mr. Horton,

pans 25 per cent, of black tin. The shaft has already been sunk ver-

tically to a depth of 122 feet, and when it Is down 130 feet, a crosscut

will be driven to the ore.

At the time of the writer's visit the shaft was full of water, so that

the vein could not be examined in the shaft, but only the ore on the

dump and the outcroppings. The latter were often difficult to detect,

and covered by the overlapping slates or decomposed soil, but almost

wherever exposed they showed smaller or larger crystals of cassi-

terite.

The new pump which was ordered for this mine sometime ago is

very probably now in place and pumping, so that the mine may again

be thoroughly inspected.

Several tin properties in the vicinity of Jling's Mountain, claimed to

be good prospects, were found to consist only of detached bowlders,

showing a little scattered cassiterite.

Mineralogical.—The cassiterite, there, is nearly always black, often

almost metallic in luster, and occurs chiefly as flattened crystals, with
abnormally elongated x)yramidal planes. It is found at Chestnut Hill

imbedded in a granite, in which the mica—a light, yellowish-green

muscovite—is often arranged in narrow feather-striated bauds, and the

gray-white quartz, mixed with a little white feldspar, possesses a gran-

ular structure. The granite at King's Mountain is often stained by iron

and manganese oxides, and in some places contains beryl, cyanite, and
decomposed spodumene. This latter mineral often replaces the mica
and feldspar in the granite dikes, when they are barren of or poor in

cassiterite.

The tin ore is to all appearances as free from injurious minerals as

that of the Harney Peak district, which it closely resembles mineral-

ogically and geologically.
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OutlooJc.—Eegardiiig the jDrospects for the production of tin at King's

Mountain, the writer has arrived at the following conclusions : Should

the dike or vein at the Chestnut Hill mine contiuue to hold its present

richness and width, as claimed, in greater depth and in the stopes,

there can be no doubt that, with good management, it will become a

profitable investment. The Chestnut Hill mine, however, is the only

tin property in the King's Mountain district visited in the very limited

time at the writer's disposal which looked at all promising. The devel-

opments at King's Mountain have not been sufficient to decide the ques-

tion whether tin ore in paying quantity exists there or not.

The writer also visited the Cash mine in Eockbridge county, Yir-

ginia, and reports as follows

:

CASH MINE, NEAR VESUVIUS, VIRGINIA.

The tin ore from this district was first tested by Professor Armstrong,

of Washington College, Lexington,Virginia, in 1846; he claimed that the

specimen examined contained tin and silver. However, development

work was not commenced until Mrs. Martha Cash bought the present tin

property at the head waters of Irish creek, and rediscovered tin there

in 1882.

The property is located on a granite ridge in the northeastern part

of Eockbridge county. Approaching from Vesuvius station on the

Chesapeake and Ohio railroad, we leave a limestone valley, and first

meet with highly 'ferruginous and^ manganiferous sandstones, quart-

zites, and conglomerates, often altered apparently by pressure into red

and green slates. Then a granite area is met, in which the granite

is often highly altered and contains, besides quartz and a little horn-

blende, a pink feldspar and green epidote. At last we come to the

granite and gneiss area proper, in which the tin veins occur. This

country granite is often rich in tourmaline, is both coarse and fine-

grained in structure, and is traversed by dikes of fine-grained altered

diabase.

The principal deposits or veins have been opened at the Cash mine.

In the best-developed one there is a streak of quartz 8 or 10 inches

wide on the foot-wall side of a vein filling, largely granitic, which car-

ries from 1 to 2 inches of cassiterite, associated with a little arsenopy-

rite. The developments consist of an open cut extending about 00 feet

into the face of the hill and a tunnel or adit on the vein, which pene-

trates some 40 feet farther. There are also several pits and open cuts

on other veins.

In the Cash mine the following minerals are found with the cassit-

erite: Arsenopyrite, quartz, siderite, and brownspar, limonite, chlo-

rite, muscovite, damourite, fluprspar, wolframite, and pyrite.

The cassiterite varies from a peculiar grayish or yellowish white to

a blackish brown in color, the small brown translucent crystals often

possessing a beautiful adamantine luster, and then resembling the
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"rosin tin" of tlie New Cook's Kitchen and Dorothy mines, Cornwall.

Generally the cassiterite is found in crystalline masses of a dull gray
color, like that of some of the tinstone from the Dolcoath mine,

although well formed flat i)yramidal crystals of considerable size, like

the Cornish "diamond tin," are not uncommon in the Cash mine. Cas-

siterite with cavities of the exact form of arsenopyrite, from which the

arsenopyrite has been completely removed, are also found. The nearly

pure white tin ore found at the Cash mine is of extremely rare occur-

rence and might easily be overlooked in prospecting. It was only the

weight, hardness, and slightly resinous luster of such a specimen that

caused the writer to suppose it to consist chiefly of massive cassiterite,

which view was corroborated by subsequent chemical analysis.

The mineral association and the geological occurrence of the tin here
more closely resemble that of Cornwall than do those of any other

known tin locality in the United States. In the writer's judgment,
the Cash property certainly warrants thorough development. A mill,

said to have cost $50,000, was erected on the property several years

ago, and about 290 tons of rock, averaging about 3.3 per cent, of metallic

tin were tested. About 2,400 pounds of the black tin concentrates

were barreled and sent to Boston to be smelted. The concentrates

obtained averaged only 43 per cent, of metallic tin, owing, it is said, to

the presence of arsenopyrite and ilmenite. The average width of the

vein from which the ore was obtained for these tests was 6 to 8 feet.

The cassiterite extends out into the granite on each side of the vein,

but in such small quantities that it will not pay to work.

It is well known that the development of this property was hindered
for years by litigation. At present there is no dispute as to the owner-
ship of the tin-bearing property itself, but the ownership of the mill site

and mill is disputed. Regarding the question of title and disposition

made of the apparatus for developing the tin mine, the following state-

ment was obtained from the Cash interests and others. Mrs. Cash

—

owner by purchase—gave a one-half interest m the tin land to a Mr.
Massey, who, in turn, gave one-half of his half to a Mr. Henley to have
him develop the property. These gentlemen organized a joint-stock

company, to which Mrs. Cash subscribed. In 1891 a Boston syndicate

consisting of Messrs. Fuller, Ellis, Brooks, Joy,andKnowlton, secured a
$200,000 option on the property by paying down $12,000. They put up
a $50,000 mill. After making several trial runs (in all running the mill

about a month), the option expired; then the syndicate asked for a
time extension of two months, which was granted on condition that the
mill and machinery be put in bond. At the end of this time the syn-

dicate did not pay for the tin property, and accordingly the above joint-

stock company became owner of the mill and machinery. Outside of
the cost of building and equipping the concentrating mill only about
$5,000, it is said, was spent in developing the tin property.

In regard to the ownership of the miU, which, as already indicated,
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is in dispute, the following facts are of interest. _ The original charter

of the joint-stock company (the Virginia Tin Mining and Manufactur-

ing Company), specifies that the stock company had privileges of put-

ting up machinery, railroads, and timbers for mining purposes on the

land owned by Mr. J. E. Cash. The latter lost this land (the mill site in

question) because he failed to make the purchase payment to a Mr. A. D.

Grant, who finally brought suit and recovered the land. Mr. Grant

then sold the property to a Mr. J. B. Sanford, of Baltimore. Mr. San-

ford now claims that the mill belongs to him, and not to the joint-stock

company, because the mill was erected on his undisputed property.

This is denied by Mr. Cash and the members of the joint-stock com-

pany, who claim that the charter of the latter specifies the above privi-

leges, and that Mr. Stanford when he bought the 47 acres of land, upon

part of which the mill stands, knew of the existence and provisions

of the charter. To sum up the foregoing: There are no adverse claim-

ants to the 125 acres of the Cash mining property (tin lands), but there

is an adverse claimant to the mill and concentrating machinery in the

person of Mr. J. B. Sanford. Mr. Sanford, according to Mr. Cash,

states that he will not oppose any sale or agreement entered into by

the Yirginia Tin Mining and Manufacturing Company. The concen-

trating apparatus has been idle since the spring of 1892.

World's supply of tin from 1880 to 1893.

Years.
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Tin and tin jylates imported and entered for consumption in the United States, 1SG7 to 1S93.



ANTIMONY.
The product of metallic antimony in the United States in 1893 was

250 short tons, worth $45,000 in San Francisco, against 150 short

tons, valued at $30,000 in 1892. In 1892, however, there were 386

tons of domestic ore worth $26,466 shipped to England for smelting.

This added to the value of the metallic antimony obtained in that

year brought the total up to $56,466. ]^o ore was shipped out of the

country during 1893. All of the ore ijroduced (about 400 short tons,

together with 100 tons from Mexico) was smelted in San Francisco,

yielding 250 tons of metal. Of the domestic ore about 350 tons were

mined in ISTevada, California producing the other 50 tons.

On account of litigation among the owners, the mines in Montana
were not operated. The same condition affected the Hutchens prop-

erty in Nevada, and owing to prevailing low prices the mines at Big

creek were closed down. The owners of the Arkansas properties are

still waiting the completion of a railroad, which is now reported as

building from Texarkana to Fort Smith.

The following is the annual production of antimony in the United

States since 1880.

Production of antimony in the United States since 1S80.

Tears.
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year closing with L. X. at 9J to 9| ceuts, and Hallett's at 9J to 9^.

The following table shows the average prices which obtained through-

out the year:

Ruling prices for antimony during 1893.

[Cents per pound.]

Kinds.
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is heated to about 50° C. and maintained in a state of constant move-

ment. In order to obtain a compact deposit of antimony, it is necessary

to employ a current of 40 amperes, or thereabouts, for each square

meter of surface of the cathode.

Uses of antimony.—Antimony is chiefly used as an alloy with other

metals, its presence adding hardness to the compound. In the manu-
facture of type metal antimony is largely used. In addition to the

greater hardness obtained, the antimony causes the metal to expand at

the moment of hardening, which insures a clean, sharp cast to the

type face. Alloys of aluminum and antimony, according to the

Chemiker Zeitung, are combined easily in all proportions. Alloys of

less than 5 per cent, antimony are harder and more elastic than pure

aluminum. They are of silver white color, lustrous, and unaffected by

•i^mosj^heric influences. Antimonial salts fill an important field in

ciit inical and medicinal work, tartar emetic being the most common.
Imports.—The imports of antimony continue to be largely in excess

of the domestic production. Since 1867 the imports have been as

follows: —

Antimony and antimony ore imported and entered for consumption in the United States,

1867 to 1893.

Years ending

—

June jO, 1867.
1868.

1869.

J870.
1871.
1872.
1873.
1874.

1875.
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.

Dee. 31, 1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.

Crude and regulus.

Quantity. Value

Pounds.

1, 033, 336
1, 345, 921
1, 227, 429
1, 015, 039
1, 933, 306
1, 166, 321

1, 253, 814
1, 238, 223

946, 809
1, 115, 124
1, 256, 624
1, 380, 212

2, 019, 389

1, 808, 945

2, 525, 838
3, 064, 050
1, 779, 337
2, 579, 840
2, 997, 985
2, 553, 284
2, 814, 044
2, 676, 130
3, 315, 659
2, 618, 941
3, 950, 864

2, 780, 432

$63, 919
83, 822

129, 918
164, 179

148, 264
237, 536
184, 498
148, 409
131, 360
119, 441
135, 317
130, 950
143, 099
265, 773
253, 054
294, 234
286, 892
150, 435
207, 215
202, 563
169, 747
248, 015
304, 711
411,960
327, 307
392, 761
243, 341

Ore.

Juantity. Value

Pounds.

6,460
8,321

20, 001
20, 351

34, 542
25, 150

841, 730

1, 114, 699
697, 244
231, 360
2i5,913
218, 366
362, 761
68, 040

146, 309
611,140

1, 433, 531
192, 344
116, 495

$2, 364
3,031
2,941

203
609
700

2,314
1,259
2,341
2,349

18, 199
18, 019
11, 254
6,489
7,497
9,761
8,785
2,178
5,568

29, 878
36, 232
7,338
5,253

Total
value.

$63, 919
83. 822

129, 918
164, 179
150, 628
240, 567
187. 439
148, 612
131, 969
120, 141
137, 631
132, 209
145. 440
268, 122
271, 253
312, 253
298, 146
156, 924
214, 712
212, 324
178, 532
250, 193
310, 279
441, 838
363, 539
400, 099
248, 594



COAL.
By E. W. Pakkek.

INTRODUCTION.

AcMowledgments.—^For assistance rendered in the compilation of

tlie statistics of coal production in the United States in 1893, the writer

desires first to express his grateful acknowledgments to the owners
and operators of coal mines for their cooperation in promptly furnishing

statements of their production. Owing to this cooperation on the

part of operators, the statistics for the entire country have been com-
piled and the result was furnished to the press about the 1st of May,
1894, several months earlier that any previous year. Acknowledg
ments are also due to Mr. John H. Jones and Mr. William W. liuley, of

Philadelphia, Pennsylvania, for the chapter on Pennsylvania anthra-

cite; to Mr, George A. Schilling, Secretary of the Bureau of Labor
Statistics of Illinois, for the statistics of production in that State, \o

Mr. A. S. Bolles, Chief of the Bureau of Industrial Statistics of Peuu
sylvania, for supplementary information regarding bituminous coal i..

that State ; to various railroad freight agents in checking up state-

ments of coal shipments, and tothe secretaries of boards of trade

and exchanges at the important centers who have contributed to the

review of the coal trade during the year, and whose names appear in

connection with their contributions. Eeference has also been made to

the files of technical journals, due credit being given when availed of.

In connection with the report on the consumption of smoke, which
will be found on page 224, acknowledgment is made for assistance ren-

dered in its preparation.

With the exception of one State, Illinois, the statistics of production

have been compiled from direct returns of operators to the Geological

Survey. The actual returns represent about 98 per cent, of the total

product. The product of the few mines not rejjorting has been esti-

mated on the basis of their output in 1893, so that the totals may be

considered practically complete and correct.

THE COAL FIELDS OP THE UMTED STATES.

For convenience of description, the coal areas of the United States

have been grouped into the Anthracite division and the Bituminous
division.

The Anthracite division, in a commercial sense, may be said to in-

clude the anthracite districts of Pennsylvania alone, although small

amounts of anthracite are mined in Colorado, Arkansas, and New
187



188 MINERAL RESOURCES.

Mexico. In the New England basin tlie original coal beds have been

metamorphosed into graphite and graphitic coal, which have special

uses, although not classified by the coal trade as anthracite.

The Bituminous division includes the following coal fields: (1) The
Triassic field, embracing the coal beds of the Triassic or New Eed sand-

stone formation in the Richmond basin in Virginia and in the coal

basins along the Deep and Dan rivers in North Carolina; (2) the

Appalachian field, which extends from the State of New York on the

north to the State of Alabama on the south, having a length northeast

and southwest of over 900 miles and a width ranging from 30 to 180

miles; (3) the Northern field, which is confined exclusively to the cen-

tral part of Michigan; (4) the Central field, embracing the coal areas

in Indiana, Illinois, and western Kentucky; (5) the Western field,

including the coal areas west of the Mississippi river, south of the forty-

third parallel of north latitude and east of the liocky mountains; (6)

the Eocky Mountain field, containing the coal areas in the States and
Territories lying along the Kocky mountains

; (7) the Pacific coast field,

embracing the coal districts of Washington, Oregon, and California.

{See Mineral Resources of the United States, 1886, for detailed descrip-

tions.)

The following table contains the apj)roximate areas of these coal

fields, with the total product of each from 1887 to 1893

:

Classification of the coalfields of the United States.
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Classification of the coalfields of the United States—Continued.
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Classification of the coalfields of the United States—Continued.

\

\



COAL. 191

the Bureau of Anthracite Coal Statistics, showing a decrease of 446,900

long tons. The increase of shipments during the first six months in

1893, as compared with the corresponding period of 1892, was 1,643,125

long tons. Deducting the decrease during the latter half of the year,

the net increase is shown to have been 1,196,216 long tons.

The following table, furnished by Mr. Euley, shows the monthly
shipments of Pennsylvania anthracite during 1892 and 1893, with

increases and decreases in 1893.

Monthly shipments of Pennsylvania anthracite in 1892 and 1S93.

Months.

January ...

February..
March
April
May
June
July
August
September

.

October
November .

December .

Total

1893.

Long tons.

3, 009, 579

3, 084, 156
3, 761, 744
3, 284, 659
3, 707, 082

4, 115, 632
3, 275, 863

3, 308, 768
3, 614, 496
4, 525, 663

3, 905, 487
3, 436, 406-

43, 089, 535

1892.

Long tons.

2,851,487
3, 172, 022
3, 070, 527
2, 939, 157
3,524,728
3,821,807
3, 648, 583
3, 691, 839
3, 754, 482
4, 052, 897
3, 769, 711

3, 596, 082

Increase.

Long tons.

218, 092

691, 217
345, 502
182, 354
293, 825

472, 766
135, 776

41, 893, 322 (a) 1, 196, 212

Decrease.

Long tons.

87, 866

372, 720
383. 071
139, 986

a Net increase.

The large increase in the first half of the year was undoubtedly

due to the very severe weather in the latter part of 1892 and early

part of 1893 ; stocks of coal at different points were almost completely

exhausted and about the close of 1892 considerable difficulty was
experienced in forwarding coal, particularly to the West. This natu-

rally resulted in a rush to fill orders and renew stocks, which held out

during the entire first six months of the year.

About this time, however, the very bad trade conditions began to

have their effects, resulting either in the strictest economies or in many
cases the entire suspension of business; while, perhaps, in most cases

anthracite was not actually used in these industries, the necessary

effects of the closing down of manufacturing concerns on the domestic

use of anthracite, resulted in a largely decreased consumption for the

latter half of the year.

In addition to the anthracite production of Pennsylvania there were

83,446 short tons mined in Colorado ; 10,132 short tons from New Mex-
ico, and 616 tons from Virginia, bringing the total production of anthra-

cite coal up to 54,061,737 short tons. Except in the tables on pages 188

to 190 the anthracite product outside of Pennsylvania is included in

the bituminous production, and, unless expressly stated to the con-

trary, reference in this chapter to anthracite production means that of

Pennsylvania only.
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Bituminous.—The bituminous product in 1893 was 114,029,671 long

tons, or 128,385,231 sliort tons, valued at $122,751,618, compared with

113,264,792 long tons, or 126,856,567 short tons in 1892, valued at

$125,124,381. This shows an increase during 1893 of 1,364,879 long

tons, or 1,528,664 short tons, but a decrease in value of $2,372,763.

There is no way of correctly estimating the monthly movements of

bituminous coal, as there is of anthracite, but operators generally

report that the business during the latter part of the year was less

than the first half. The extremely cold winter of 1892-'93 stimulated

production to an unusual extent. Later, when owing to the prevail-

ing depression, the demand fell off, stocks were accumulated at dis-

tributing points and at the mines, and prices, as a natural result,

declined. This decline was sufficient to cause a decrease in the total

value. The average price per ton for the year was 3 cents less than

that of 1892, declining from 99 cents to 96 cents.

The total number of employes engaged in and about the mines in

1893 was 363,309 against 341,943 in 1892. The average number of

days worked was two hundred and one against two hundred and

twelve the preceding year. In this total is included not only those

engaged in mining and handling the coal, but embraces also mine

superintendents, foremen, mechanics, and clerical assistants at the

mines. Coke workers and clerical forces at offices distant from the

mines are not included.

Of the total employes there were employed in and about the an-

thracite mines in Pennsylvania 132,944 men and boys, the average

working time being one hundred and ninety-seven days. In 1892,

129,050 employes were engaged for an average of one hundred and

ninety-eight days.

In the production of bituminous coal 230,365 employ^.s were engaged

in 1893, and the average working time was two hundred and four

days. In 1892, 212,893 men were employed for an average of two

hundred and nineteen days. These averages are not claimed to be

absolutely correct, but are sufficient for practical purposes, such as

the comparison of one year with another. From them it is computed

that the average bituminous tonnage per day per man in 1892 was 2.72

and in 1893, 2.73. The daily production of anthracite per man in 1892

was 2.05 and in 1893, 2.06. The short ton of 2,000 pounds is used in

this computation.
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The following tables exhibit the production of all kinds of coal in the
United States in 1892 and 1893, with tlie distribution of the product for

consumption

:

Coal product of the Unilcd States in 1892, hy States.

States.

Alabama
Artaiisa.s
California
Colorado
Georgia
Illinois (a)

Indiana
Indian Territory
Iowa '.

Kansas
Kentucky
Maryland
Micliigan
Missouri
Montana
Nebraska
New Mexico
North Carolina
North Dakota
Ohio
Oregon
Pennsvlvania bituminous
Ehode'lslaud (h)

Tennessee
<Texas
Utah
Virginia
"Washington
West A'irginia
Wyoming

Total
Pennsylvania anthracite.

Loaded at
mines for
sJiipment.

Short tons.

3, 122, 075
5i:i, 9U8
7!!, 269

2, 9:j.S, 9S0
52, CU

ll,5.')7, 655
3,088,911
1,156,603
3, 459, 025
2, 756, 812
2, G20, 55G
3, 3S5, 384

27, 200
2, 399, 605

521, 521

615, 557
6, 679

38, oeti

11,995,256
31,760

32, 425, 949

1,448,262
241, 005
321,431
527, 304

1,150,865
7, 560, 790
2, 378, 657

99,415,633
46, 926, 465

Grand total :.. 146,372,098

Sold to Tocal

trade and
used by em-

ployes.

Short tons.

ST, 843
. 7, 450
9,679

126, 748
250

2, 624, 821

208, 220
10, 840

401, 855
206, 038
327, 985
30, 955
45, 180

293, 414
4,866
1,500
8,776

2,725
1, 411, 642

2,353
2, 207, 827

55, 452
4,460
6,775

20, 721
9,802

441, 159
27. 054

8, 536, 390
1, 168, 288

9, 704, 678

Used at
mines for
steam

and Jieat.

Short tons.

135, 627
14, 200

2, 230
55, 721

3, 756
675. OOU
42, 621
18, 089
57,611
44, 325
33, 856
3, 623
5.610

40, 930
1,849

6,997

117, 486
548

356, 779

17, 037
225

6, 509
6,611

40, 085
49, 563

96, 128

XsssToie"
4,377,751

6, 210, 767

Made into
cok»

Short tons.

2, 233, 767

.389, 381

158, 878
4,800
5, 422
7, 189

101
42, 916

36, 412

38, 543

ii, 704, 021

571,313

26, 298
120, 560
12, 075

1,687,243
2.000

17, 041, 528

17,041,528

states.

Alabama
Arkansas
California
Colorado
Georgia
Illinois
Indiana
Indian Territory
Iowa
Kansas
Kentucky
Maryland
Micliigan
Missouri
Montana
Nebraska
New Mexico
!N orth Carolina
North Dakota
Ohio
Oregon
Pennsylvania bituniijious.
Rhode' Island {b)

Tennessee
Texas
Utah
Virginia
Washington
West Virginia
Wyoming

Total
Pennsylvania autliracite..

Grand total

Total,
product.

Short tons.

5, 529, 312
535, 558
85,178

3,510,830
215, 4.'t8

17, 862, 276
3, 345, 174
1,192,721
3,918,491
3, 007, 276
3,025,313
3, 419, 962

77, 990
2, 533, 949

564, 648
1, 500

661, 330
6,679

40, 725
13, 562, 927

34, 661
46, 694, 576

179, 329, 071

Total value.

$5, 788, 898
666, 230
209, 711

5,68.5,112

212, 761
16, 243, 645
3, 620, 582
2, 043, 479
5, 175. 060
3, 955, 595
2, 771, 238
3, 063, 580

121,314
3, 369, 659
1, 330, 847

4,500
1, 074, 601

9,599
39, 250

12, 722, 745
148, 546

39, 017, 164

Average
price
per ton

$1.05
1.24
2.46
1.62
.99
.91

1.08
1.71
1.32
1.31A
.92
.89

1..56

1.23
2.36
3.00
1.62
1.44
.96
.94

4.29
.84

Average
number
of days
acti^'e.

271
199
204
229
277
219i
'224

211
236
208*
217
225
195
230
258

223
160
216
212
120
223

240
208
230
192
247
228
225

Tl9"
198

212

Total
number
of em-
ployes.

10, 075
1,128

187

5,747
467

34, 585
6,436
3,257
8,170
6, 559
6,724
3,886

230

5, 893
1,158

1, 083
90
54

22, 576
90

66, 655

4,926
871
646
836

2, 564
14, 867
3, 133

212,893
129,050

'34r,T43"

a Distribution estimated on the returns for 1889. b None reported.
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Coal product of the UiiUod States in 1893, hy States.
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Slates.

Alabama
Arkansas
California
Colorado
Georgia
Illinois
Indiana . . •-

Indian Territory
Iowa
Kansas
Kentucky
Maryland
Miciigan
Missoiiri
Montana
New Mexico
North Carolina
North Dakota
Ohio
Oregon
Pennsylvania
Tennessee
Texas
Utah
Virginia
Washington ,

"West Virginia
"Wyoming

Total
Pennsylvania anthracite

Grand total

Loaded at
mines for
shipment.

Short tons.

3, 536, 935
549, 504
64. 733

3, .345, 951
196, 227

16,260,463
3,461,830
1,197,468
3, 442, 584
2, 364, 810

2, 613, 645

3, 676, 137
27, 787

2, 525, 227
789, 516
636, 002
15, 000
47, 968

11,713,116
37, 835

33, 322, 328

1, 427, 219
300, 064
350, 423
714, 188

1, 186, 109
8, 591, 963

2, 280, 685

104, 675, 716
48, 266, 174

152, 941, 890

Sold to local
trade and

used by em-
ph.y6s.

Short tons.

59, 599
11,778
5, 336

65, 386

2, 931, 846
252, 879

9, 234
449, 639
227, 321
281, 115
26, 833
16, 367

322, 754
27, 063
5,618

1.612
1, 348, 743

3, 594
1, 934, 429

42, 560
462

7,649
20, 578
18. 888

390, 689
64, 188

Used at mines
for steam
and heat.

8, 526, 160
1, 202, 655

9, 728, 815

Short t07is.

96,412
13,481
2,534

178, 993
4,869

753, 955
69, 797

21, 663

80, 006
60, 412
30, 969
13, 071
1,825

49,461
17, !)G0

8,776
2,000

50
167, 002

254
426, 122
20, 921

1, 680
4, 258
4,609

48, 506
46, 898
87, 086

2, 213, 570
4, 498, 714

6, 712, 284

Made into
coke.

Short tons.

1, 443, 989

512, 059
171, 644

3, 300
7,345

23, 745

3

81, 450

. 57,770
14, 698

24, 785

8, 387, 845
411, 558

50, 875
80, 964
11, 374

1, 679, 029
7,352

12, 969, 785

12, 969, 785

States.

Alabama
Arkansas
California
Colorado
Georgia
Illinois .~.

.

Indiana
Indian Territory
Iowa
Kansas
Kentucky
Marylancl
Michigan
Missouri
Montana
New Mexico
North Carolina
North Dakota
Ohio
Oregon
Pennsy Ivania
Tennessee
Texas
Utah
Virginia
"Washington
"West Virginia
Wyoming

Total
Pennsylvania anthracite

Grand total

Total amount
produced.

Short tons.

5, 136, 935
574, 763
72, 603

4, 102, 389
372, 740

19, 949, 564
3,791,851
1, 252, 110
3, 972, 229

2, 652, 546

3, 007, 179
3, 716, 041

45, 979
2, 897, 442

892, 309
665, 094
17, 000
49, 630

13, 253, 646
41,683

44, 070, 724
1, 902, 258

302, 206
413, 205
820, 339

1, 264, 877
10, 708, 578

2, 439, 311

128, 385, 231
53, 967, 543

182, 352, 774

Total value.
Average
price per

ton,

$5, 096, 792
773, 347
167, 555

5, 104, 602
365, 972

17, 827, 595
4, 055, 372

2, 235. 209
5,110,400
3, 375, 740

2, 613, 5G9

3, 267, 317
82. 462

3, 562, 757
1,772,116

979, 044
25, 500
56, 250

12, 351, 139
164, 500

35, 260, 674
2, 048, 449

688, 407
611, 092

692, 748
2, 920, 876
8, 251, 170
3, 290, 904

122, 751, 618
85, 687, 078

208, 438, 696

$0.99
1.34
2.31
1.24
.98
.89
1.07
1.79
1.30
1.27
.80
.88

1.79
1.23
1.99
1.47
1.50
1.13
.92

3.57
.80

1.08
2.28
1.48
.84

2.31
.77

1.35

1.59

1.14

Average
number
of days
active.

237
151
208
188
342
229
201
171
204
147
202
240
154
206
242
229
80

193
188
192
190
232
251
226
253
241
219
189

204
197

201

Total
number
of em-
I)loj'6s.

11,294
1, 559

158

7,202
736

35, 390
7,644
3, 446
8,863
7,310
6,581
3, 935

162
7, 375
1,401
1,011

70
88

23, 931
110

71, 931
4,976

996
576
961

2,757
16, 524
3,378

230, 365
132, 944

363,309 •
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From tlie above tables it will be observed tlia«t there was increased

productiou of bituiniuous coal in 19 States, namely: Arkansas, Col-

orado, Georgia, Illinois, Indiana, Indian Territory, Iowa, Maryland,

Missouri, Montana, New Mexico, North Carolina, North Dakota, Ore-

gon, Texas, Utah, Virginia, Wasliington, and West Virginia. The

notable increases were in Colorado, 591,559 short tons; Illinois, 2,087,288

short tons; West Virginia, 969,823 short tons; Indiana, 446,077 short

tons; Montana, 327,061 short tons; Maryland, 231,669 short tons; Mis-

souri, 163,493 short tons; Georgia, 157,242 short tons; and Virginia,

145,134 short tons. In none of the other States did the increase reach

100,000 tons. The increase in the output of Georgia is worthy of spe-

cial notice as showing the developments in Walker county, and Vir-

ginia's increase is attributable to the Wise county, or Clinch valley

fields, which assumed considerable importance during 1893.

In 9 States the output in 1893 was less than in 1892. These were,

Alabama, California, Kansas, Kentucky, Michigan, Ohio, Pennsyl-

vania, Tennessee, and Wyoming. Pennsylvania shows the largest

decrease in bituminous production, having a loss of 2,523,852 short

tons. Alabama's production decreased 392,377 short tons. Ohio's

product was 309,281 tons less, and Tennessee's decreased 189,806 tons.

The indications a*"e that in each of these States the decrease was dae

to the closing down of blast furnaces and other factories, thus largely

restricting the market. The output in Kansas decreased 354,736, due

to an extensive strike which prevailed throughout the State for several

months.

Production in previous years.—The following table shows the annual

production of anthracite and bituminous coal since 1880. The quanti-

ties are expressed both in long tons of 2,240 pounds and in short tons

of 2,000 pounds.

Annual production of coal in the United States since 1880.

Tears.
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Annual production of coal in the United States since ISSO—Continued.

Tears.

1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
189-2

1893

Total.

Long tons.

63,

76,

92,

102,

106,

99,

100,

116,

132,

126,

140,

150,

160,

162,

822, 830
679, 491
219,454
807, 969
90G, 295
069, 216
663, 753
049, 604
731, 609

097, 780

882, 729
505, 954
088, 295
742, 162

Short tona.

103,

115,

119
110
112,

129,

148.

141,

157,

168
179,

182,

481, 569
881,030
285, 789
212,125
735, 051

957, 522
743, 403
975, 557
659, 402
229, 514
788, 657
566, 608

298, 890

271, 221

Value.

124
146
1.59

143
1.59

154
\^2

190
160
176
a9i
207
2U8

640, 396
349, 380
632, .581

.194, 855
768, 578
019,596
600, 176
.550, 837
881,012
2»6, 323
804, 573
133,1.35

637, 139

378, 485

The following table shows the total output, in long tons, from 1880 to

1885, exclusive of colliery consumption, by States and Territories:

Coal produced in the several States and Territories, not including the local and colliery

consumption, from ISSO to 1S85.

States and Territories. 1880. 1881. 1882. 1883.

Pennsylvania:
Anthracite .

.

Bituminous .

.

niinois
Ohio
Marj-land
Missouri
West Virginia...
Indiana
Iowa
Kentucky
Tennessee'
Virginia
Kan.sas
Michigan
Rhode Island
Alabama
Georgia;
Colorado
Wyoming
New Mexico
Utah
California
Oregon
Washington
Texas
Arl<ansas
Montana
Dakota
Idaho .,

Indian Territory.

Long tona.

23, 437, 242
19, 000, 000
4, 000, 000
7, 000, 000
2, 136, 160

1, 500, 000
1, 400, 000
1, 500, 000

600, 000
000, 000
600, 000
100, 000
550, 000
75, 000

10, 000
340, 000
100, 000
390, 183
471, 259

Long tons.

28, 500, 016

20, 000, 000
6, 000, 000

8, 250, 000
2,261,918
1, 750, 000

1, 500, 000
1,771,536
3, 500, 000
1,100,000

750, 000

100, 000
750, 000
100, 000
10, 000

375, 000
150, 000
631, 021
560, 876

225, 000
175, 000

30, 000
175, 000

225, 000
125, 000
30, 000

175, 000

Long tons.

29,120,096
22, 000, 000
9, 000, 000
9, 430, 000
1, 510, 466
2, 000, 000
2, 000, 000

1, 976, 470
3, 127, 700
1, 300, 000

850, 000
100,000
750, 000
130, 000
10, 000

800, 000

175, 000
947, 749
631, 932
146, 421
250, 000
150, 000
30, 000

225, 000

Long tons.

31, 793, 027
24, 000, 000
10, 350, 000

8, 229, 429
2, 206, 172
2, 250, 000

2, 805, 565

2, 500, 000
3,881,300
1, 650, 000

1, 000, 000
225, 000
900, 000
135, 000
10, 000

1, 400, 000
200, 000

1, 007. 851
696,151
188, 703
250, 000
175, 000
50, 000

300, 000
100, 000
75, 000
60, 000
50, 000
10, 000

175, 000

Long tons.

30,718,293
25, 000, 000
10, 000, 000

7, 650, 062
2,469,051
2, 500, 000

3, 000, COO

2, 260, 000

3, 903, 458
1,550,000
1, 200, 000

300, 000
1,100,000

135, 000
10. 000

2, 000, 000
200, 000

1, 008, 950
805, 911
196,924
250, 000

150, 000
50, 000

300, 000
100, 000
150, 000

60, 000

31, 2.50

20, 000
400, 000

Long tons.

32, 265, 421

23, 214, 285
8, 742, 745
6, 978, 732
2, 865, 974

2, 750, 000

3, 008, 091

2, 120, 535
3, 583, 737
1, 700, 000

892, 857
567, 000

1, 082, 230

45, 178

Total 65,414,844 76,865,357 86,710,834 96,823,198 97,518,899 95,832,705

2, 225, 000
133, 929

1, 210, 769
720, 828
271,442
190, 286
63,942
44, 643
339,510
133,928
133, 928
77, 179

23, 214
893

446, 429
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The total amount and value of coal produced in the United States, by
States, since 1880, is shown in the following table. The amounts in

this table are expressed in short tons of -},00() pounds.

Amount and value of coal pvodniuul in Ilia United Slates, by Staten and Territories, from
ISSG to 1893.

States auil Territories.

Alabama..
Arkansas'
Calilbrnia
Colorado
Georgia
Idalio
Illinois

Indiana
Indian Ten i lory
Iowa
Kansas
Kentucky
Maryland ..

.

Michigan
Mis.souri
Montana
Nebraska
New Mexico
North Casoliua .

.

North Dakota . -

.

Ohio
Oregon
Pennsylvania

:

Anthracite; .

.

Bituminous.

.

Rhode Island-. .•.

Tennessee
Texas
Utah
Virginia
TTashington
West Virginia .

.

Wjoming

18S6.

Product.

Short tons.

1,^00,000
]:'5, ouo
lOU, 000

],;'.G8,;i38

223, 000
1, 500

•

9, 24G, 4ii5

3, OHO, (100

f 34,580
4,312,921
],4il0, OUO

1, 550, 000
2,517,577

m, 434
1,800,000

49, 846

271, 285

25, 955
8,435,211

45, 000

3G, 096, 475
26, 160, 735

1,714,290
100, 000
200, 000
684, 951
423, 525

4, 005, 7fl6

829, 355

Total product sold. 107, 682, 209
Colliery consumption .j 5, 061, 194

Total 112,743,403

Value.

$5, 574, 000
200, 000
300, 000

3, 215, 594
334, 500
6,000

10, 063, 543

3, 450, 000

855, 328
5, 391, 151
1, 680, 000

1, 782, 500
2,391,698

90, 651

2, 340, 000
174, 460

813, 855

41, 277
8, 013, 450
- 112,500

71,558,126
21,016,235

1,971,434
185, 000
420, 000
684, 951
952, 931

3, 805, 506
2, 488, 065

1887.

Product. Value.

1,

Sliort tona.

1, 9.50, 000
150, 000
50, 000

791,735
313,715

500

10, 278, 890

3, 217, 711
6H5, 911

4, 473, 828

1, 590, 879

1, 933, 185

3, 278, 023
71,461

3, 209, 916
10, 202

1,500
508, 034

21, 470
10,301,708

31, 696

.$2, 535, 000
252, 500
150, 000

3,941,817
470, 573

2,000
11, 152, 596

4, 324, 604
1,286,692
5, 991, 735
2, 235, 031
2, 223, 163

3, 114, 122
107, 191

4, 298, 994
35, 707
3,000

1, 524, 102

32. 205

9, 096, 848

70, 000

39. 500, 255 79, 365, 244
30, 806, 602 27, 806, 941

1888.

Product. Value.

Short tuna.

2, 900, 000
276, 871

95, 000

2, 185, 477

180, 000
400

14, 655, 188
3, 140, 979

761, 986
4, 952, 440
1,850,000
2, 570, 000

3, 479, 470
81,407

3, 909, 967
41, 467
1,500

626, 665

6,000
1, 900, 000

75, 000
180, 021
825, 263

772, 612

4, 836, 820

1, 170, 318

16,2.50

2, 470, 000
150, 000
360, 042

773, 360

1, 699, 746
4,594,979
3, 510, 954

34, 000
10, 910, 946

75, 000

43, 922, 897

33, 796, 727

4, 000

1, 967, 297
90, 000

258, 961

1, 073, 000
1, 215, 750

5, 498, 800
1,481,540

147,112,755 1124,015,2.55 |173, 595, 990 ,142,037,735 204,222,790
'

5, 960, 302
I

8,960,841] 6,621,667 7,295,834

$3, 335, 000
415, ,306

380, 000
4, 808, 049

270, 000
1,800

16,413,811
4, 397, 370
1,432,072
6, 43H, 172

2, 775, 000

3, 084, 000

3, 293, 070
135,221

8, 650, 800
115, 1.35

3, 375
1,879,995

119, 000
10,147,180

225, 000

85, 649, 649

32, 106, 891

11,000
2, 164, 026

184, 500
543,818

1, 073, 000

3, 647, 250

6, 048, 680

4, 444, 620

147,112,755 129,975,557 jl82, 556,837 148,659,402 211,518,624
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Amount and value of coal produced in the United States, c<c.—Contiiiued.

States and Territories.

Alabama
Arkansas
California
Colorado
Georgia
Idaho
Illinois
Indiana
Indian Territory
Iowa
Kansas
Kentucky
Maryland
Michigan
Missouri
Montana
Nebraska
New Mexico
North Carolina ..

North Dakota . .

.

Ohio
Oregon
Pennsylvania

:

Anthracite. .

.

Bituminous..
Rhode Island
Tennessee
Texas
Utah
Virginia
"Washington
West Virginia. ..

Wyoming

1889.

Product.

Short tons.

3, 572, 983
279, 584
184,179

2, 544, 144
22G, 156

Value.

$3, 9G1, 491
395, 836
434, 382

3, 843, 902
339, 382

Product.

/Short tons.

4, 090, 409
399, 888
110,711

3. 094, 003
228, 337

Value.

$4, 202, 469
514, 595
283, 019

4, 344, 196
238, 315

1891.

Product.

Short tons.

4, 759, 781
542, 379
93, 301

3,512,632
171, 000

Value.

$5, 087, 596
647, 560
204, 902

4, 800, 000
256, 500

12, 104, 272
2, 845, 057

752, 832
4, 095, 358
2, 220, 943

2, 399, 755

2, 939, 715
67, 431

2, 557, 823
363, 301

1,500
486, 463
(a)

28, 907
9, 976, 787

(6)

c45, 598, 487
36, 174, 089

2,000
1, 925, 689

128, 210
236, 651
865, 786

1, 030, 578
6, 231, SSO
1, 388, 947

11, 755, 203
2, 887, 852
1, 323, 807
5, 426, 509
3, 297, 288

2, 374, 339

2, 517, 474
115, Oil

3, 479, 057
880, 773

4,500
870, 468

41, 431
9, 355, 400

65, 873, 514
27, 953, 315

6,000
2, 338, 309

340, 620
377, 456
804, 475

2, 393, 238
5, 086, 584
1,748,617

15, 292, 420
3, 305. 737

869, 229
4,021,739
2, 259, 922
2,701,496
3, 357, 813

74, 977
2, 735, 221

517, 477
1,500

375, 777
10, 262
30, 000

11,494,506
61,514

46, 468, 641

42, 302, 173

14, 171, 230
3, 259, 233
1, 579, 188
4, 995, 739
2, 947, 517
2,472,119
2, 899, 572

149, 195

3, 382, 858
1, 252, 492

4,500
504, 390
17, 804
42, 000

10,783,171
177, 875

66, 383, 772
35, 376, 916

2, 169, 585
184,4-10

318, 159

784, Oil
1, 263, 689
7, 394, 654

1, 870, 366

2, 395, 746
465, 900
552, 390
589, 925

3, 426, 590
5, 208, 128
3, 183, 6G9

15, 660, 6^8

2, 973, 474
1, 091, 032

3, 825, '495

2, 716, 705
2, 916, 069

3, 820, 239
80, 307

2, 674, 606
541,861

1,500
462, 328
20, 355
30, 000

12,808,683
51, 826

50, 665, 431
42, 788, 490

500
2,413,678

172, 100
371, 045
736, 399

1, 056, 249

9, 220, 665

2, 327, 841

14, 237, 074
3,070,918
1,897,037
4, 867, 999
3, 557, 303
2, 715, 600
3, 082, 515

133, 387
3, 283, 242
1,228,030

4,500
779, 018
39, 305
42, 000

12, 106, 115
155, 478

73, 944, 735
37, 271, 053

10, 000
2, 668, 188

412, 360
666, 045
611, 654

2, 437, 270
7, 359, 816
3, 555, 275

Totalproductsold.|l41, 229, 513 160,226,323 157,788,656 176,804,573 1168,566,669 191,133,135

States and Territories.

Alabama
Arkansas
California
Colorado
Georgia
Idaho
niinois .0
Indiana
Indian Territory
Iowa '.

.

Kansas
Kentucky
Maryland
Michigan
Missouri
Montana
Nebraska
New Mexico
North Carolina .

.

North Dakota
Ohio
Oregon
Pennsylvania:

Anthracite
Bituminous...

Rhode Island
Tennessee
Texas
TJtah
Virginia
Washington
West Virginia
Wyoming

1892.

Product.

Short tons.

5, 529, 312
535, 558
85, 178

3,510,830
215, 498

Value.

$5, 788, 898
666, 230
209, 711

5,685,112
212,761

1893.

Product.

Short tons.

5, 136, 935
574, 763
72, 603

4, 102, 389
372, 740

Value.

$5, 096, 792
773, 347
167, 555

5, 104, 002
365, 972

17, 862, 276
3, 345, 174
1,192,721
3,918,491
3, 007, 276
3,025,313
3, 419, 962

77, 990
2, 733, 949

564, 648
1,500

661,330
6,679

40, 725
13, 562, 927

34, 661

52, 472, 504
46, 694, 576

16,243,645
3, 620, 582

2, 043, 479
5, 175, 060

3, 955, 595
2,771,238
3, 063, 580

121, 314
3, 369, 659
1,330,847

4,500
1, 074, 601

9,598
39, 250

12, 722, 745
148, 546

82, 442, 000
39, 017, 164

19, 949, 564
3,791,851
1, 252, 110
3, 972, 229

2, 652, 540

3, 007, 179
3, 716, 041

45, 979
2, 897, 442

892. 309

17, 827, 595
4, 055, 372
2, 235, 209
5,110,460
3, 375, 740
2, 613, 569
3,267,317

82, 462
3, 562, 757
1, 772, 116

665, 094
17, 000
49, 630

13, 253, 636
41, 683

53, 967, 543
44, 070, 724

979, 044
25, 500
56, 250

12, -'SI, 139
164, 500

85, 687, 078
35, 260, 674

2, 092, 064
245, 690
361,013
675, 205

1,213,427
9,738,755
2, 503, 8^9

2, 355, 441
569, 333
562, 625
578, 429

2, 763, 547
7,852,114
3, 168, 776

1, 902, 258
302, 206
413, 205
820, 339

1,264,877
10, 708, 578

2, 439, 311

2, 048, 449
688, 407
611, 092
692, 748

2, 920, 876
8,251,170
3, 290, 904

Total product sold 1 79, 329, 071 207, 566, 381 182, 352, 774 208, 438, 696

(a) Product included in Georgia. (6) Product included in California,
(c) Includes the product of anthracite in Colorado and New Mexico.
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IMPORTS AM) KXPOBTS.

Tlie following tables have been compiled from official returns to the

Bureau of Statistics of the Treasury Department, and yhow the imports

and exports of coal from 18G7 to 1893, inclusive. The values given

in both cases are considerably higher than the average "spot" rates

by which the values of the domestic production have been computed.

The tariff from 1824 to 1843 w^as cents per bushel, or .|1.G8 per

long ton; from 1843 to 184G, $1.75 per ton; 184G to 1857, 30 per cent,

ad valorem; 1857 to 18G1, 24 per cent, ad valorem; 18G1, bituminous

and shale, $1 per ton; all other, 50 cents per ton; 18G2 to 18C4,

bituminous and shale, $1.10 per ton; all other, 60 cents per ton; 1864 to

1872, bituminous and shale, $1.25 per ton; all other, 40 cents per ton;

since August, 1872, bituminous coal and shale, 75 cents per ton;

anthracite, free of duty. No change has been made in tariff rates since

1872, except for slack, or culm, which, under act of March 3, 1883,

was made 30 cents per ton. During the period from June, 1854,

to March, 186G, the reciprocity treaty was in force, and coal from the

British Possessions in I^orth America was admitted into the United

States duty free.

The exports consist both of anthracite and bituminous coal, the

amount of bituminous being the greater in the last few years. They are

made principally by rail over the international bridges and by lake

and sea to the Canadian i^rovinces. Exports are also made by sea

to the West Indies, to Central and South America, and elsewhere.

The imports are principally from Australia and British Columbia to

San Francisco, from Great Britain to the Atlantic and Pacific coasts,

and from Nova Scotia to Atlantic coast points.

Coal imported and entered for consumption in the United States, 1867 to 1893.

Years ending

—
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Coal of domestic production exported from the United States, 1867 to 1893.

Years eudins
Anthracite.

Quantity. Value

Bituminous and shale.

Quantity. Value.

June 30. 1867
1S68

1S69
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885

Dec. 31,1880
1887
1888
1889
1890
1891
1892
1893

Long tons.

192,912
192, 291
283, 783
121, 098
134,571
259, 567
342, 180
401,912
316, 157
337, 934
418, 791
319, 477
386, 916
392, 626
462, 208
553, 742
557, 813
649, 040
588, 461
667, 076
825, 486
969. 542
857, 032
794, 335
861, 251
851, 639

1, 333, 287

$1,333,457
1, 082, 745
1,553,115

803, 135
805, 169

1, 375, 342
1, 827, 822

2, 236, 084
1,791,626
1, 869, 434
1, 891, 351
1,006,843
1, 427, 886

1, 362, 901
2,091,928
2. 589, 887
2, 648, 033
3, 053, 5.50

2, 586, 421
2,718,143
3, 409, 166
4, 325, 126
3, 036, 347
3, 272, 097
3, 577, 610

3, 722, 903

0, 241, 007

Long tons.

92, 189

86, 367
$512, 742
433,475

106, 820
133, 380
141,311
242, 453
301,490
203,189

i

230, 144
321,665
340, 661

276, 000

222, 634
191,038
314, 320
463, 051
046, 265
683,481
544, 768
706, 364
860, 462
935, 151

1, 280, 930
1, 615, 869
1,645,809
2, 325, 591

503, 223
564, 067
586, 264

1,086,2.53

1,587,666
828, 943
850, 711

1,024,711
1, 352, 624

891,512
695, 179
739, 532

1,102,898
1, 593. 214
1,977,959
1,989,541
1,440,631
2, 001. 960
2, 529, 472
2, 783, 592
4, 004, 995
5,104,850
4, 999, 289
6, 009, 801

WORLD'S PRODUCT OF COAL.

Id the following table is given the coal product of the principal coun-

tries for the years nearest the one under review for which figures could

be obtained. For the sake of convenience the amounts are expressed

in the unit of measurement adopted in each country and reduced for

comparison to short tons of 2,000 pounds. In each case the year is

named for which the product is given.

The world's product of coal.

Countries.

Great Britain (1893) lono; tons.
United States (1893) '. .do. .

.

Germany (1892) metric tons.
France (1892) do...
A nstria (1892) do. .

.

Belgium (1892) do...
Kuasia (1892) do. .

.

Canada (1 893) .short tons

.

Japan (1893) do . .

.

Spain (1893) metric tons.
New Zealand (1892) short tons.
Sweden (1892) metric tons

.

Italy (1892) do...

Total
Percentage of the United States .

Usual unit
in producing

country.

104, 325, 795
162, 814, 977
a 94, 106, 000
a 26, 178, 700
a 25, 431, 000

19, 583, 173
6,913,351
3, 719, 170
3, 400, 000
1,531,810

673, 315
382, 000
296, 000

Equivalent
in short tons.

184, 044, 890
182, 352, 774
103, 851, 090
28, 862, 017
28, 037,.,678

21,590,448
7,621,969
3, 719, 170
3, 400, 000
1, 688, 820

673, 315
421, 155
326. 340

560, 589, 606
32

a Lignite included (metric tous) : Germany, 20,555,000; France, 481,5;:U| AuatiJa, 16,190,000.
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COAL TRADE REVIEW.

Owing to the fiuaucial crisis and general business depression dur-

ing 1893, it was popularly suijposed and predicted that there would

be a marked decrease in the i)roduction of both anthracite and bitum-

inous coal. There was therefore considerable surprise expressed when

the preliminary statement issued from this office showed an increase

in the production of each. Since the preliminary statement was com-

piled, later returns from some of the Western States have added some-

what to the output in 1893, making the increase a little larger. The

total increase is not much, comparatively speaking, being less than 1^

per cent. The average annual increase in the preceding three years,

or from 1889 to 1892, had been about 11,000,000 long tons. In 1893

the increase was 2,099,735 long tons, or 3,023,703 short tons, distributed

nearly equally between the anthracite and bituminous product. In

the value the same conditions did not obtain. The value of the anthra-

cite increased in about the same proportion as the product, showing a

total gain of $3,245,078. The average price per short ton of bitumi-

nous coal decreased from 99 cents ty 90 cents, causing a total decrease

in value of about $2,500,000. The total increase in value, consequently,

was only $872,315.

The increased production was due beyond doubt to the severe

Winter of 1892-'93, which rapidly exhausted stocks at distributing

points and among the retailers. Production was thus stimulated

during the early months of 1893 to an unusual degree, and though a

strong reaction set in* during the summer and latter x)art of the year,

the decrease in production was not sufficient to offset the better condi-

tions which prevailed in the Ciirlier months.

The usual disturbances by strikes took place. The principal diffi-

culty occurred in Kansas, and was stubbornly contested by operators

and operatives for several months, and caused a loss to the State in

production of several hundred thousand tons. Other strikes were of

minor importance.

At the time of writing this report (May, 1894) a strike of unusual

dimensions is in progress, without a^jpearance of an early settlement.

The strike affects the entire Appalachian bituminous field fi?om Penn-

sylvania to Alabama, the ISTorthern field in Michigan, and the Central

field in Illinois and Indiana. The men were called out on April 20, and

at the time of writing it is estimated that 150,000 operatives are out of

employment. This represents about two-thirds of the total number of

employes in the bituminous mines of the United States, and equivalent

to the eutire force in Pennsylvania, Ohio, Indiana, Illinois, and Ala-

bama. Of course all the mines are not affected. These figures are

quoted to show the dimensions of the strike. As a natural result,

manufacturing interests are seriously hampered. Many establishments

have been compelled to close for want of fuel, while others have been

obliged to use petroleum, natural gas, and anthracite coal. Eailroads
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have been obliged to seize coal in transit for their locomotive fuel, and
general distress is reported. It is pertinent at this time to call atten-

tion to a prediction made by the writer in the review of the coal trade

of 1892. From "Mineral Resources" for that year, page 271, is quoted:

"A spirit of rivalry exists between different sections to outstrip

each other in the aggregate tonnage produced, and is almost certain

to lead to overproduction, a decline in values, and eventually prove

disastrous to the trade."

It was not expected that this prophecy would be so soon fulfilled, but

events speak for themselves. There is no doubt that during the

months preceding the present strike, the output of our coal mines was
more than the market would absorb. It is true that in a number of

cases it was with the best intentions of keeping their men employed

that operators continued their mines in operation to their full capacity

or nearly so; but in order to do this a reduction in the cost of mining-

was necessary.

In the Cumberland region, for instance, the operators called a meet-

ing with their employes and submitted to them a proposition, the effect

of which was that, in order to meet competition with other regions and

make contracts for 1894, it was neccessary for them to accept a reduc-

tion to 40 cents per ton for mining. Otherwise the mines would have

to shut down. The men accepted the proposition, and at the time they

went out on a strike they made no grievances of their own, but were

ordered out in sympathy with others.

The general strike was ordered for the avowed purpose of compelling

operators to return to the original rate. It was at a time when the

market was glutted with coal and i>rices demoralized, so that operators

were not able to accede to the demand.

Owing to its unusual magnitude, this strike, however terminated,

will be far reaching in its effects. It is to be hoped that some means may
be adopted to regulate the production, so that the supply will be kept

in some equable proportion to the demand. Operators may then obtain

jjrofitable prices for their product, and at the same time allow to their

employes a just remuneration for their labor.

A comprehensive understanding of the tendency of tirade during 1893

may be obtained from a review of the coal trade at some of the impor-

tant centers, and of the general movement of coal between the produc-

ing districts and the principal markets. The contributions to this fea-

ture have been supplied by the secretaries of boards of trade, etc., or

obtained from Mr. F. E. Saward's valuable work The Coal Trade, from

the Blade Diamond, and from other technical journals.

New Yorlc.—Regarding the coal trade at Kew York during 1893, Mr.

Saward, in his report, says

:

" One of the special features of interest in connection with the trade

of this city is the increased use of the small sizes of anthracite Ibr

steam-raising purposes; it is a feature that outweighs many others in
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importance, for Ave arc informed that with many of the receivers 40 per

cent, of the tonnage handled is made up of the wmaller coals, snch as

pea, bucliwheat, rice, culm, etc. In this connection we may note that

the value of pea coal as a. steam producer has long been recognized,

but its rai^idly-increasing use as a domestic fuel will soon make it too

expensive for steam users. It is only within recent years that the

buckwheat sizes of coal have become marketable, due in a great meas-

ure to the intelligent work of several makers of grates i)articularly

adapted to these sizes, and the great majority of steam users still con-

tinue to use large coal through lack of knowledge or appreciation of

value to them of Ko. 1, No. 2, or even No. 3, buckwheat coal. The econ-

omy of the small coal is most conclusively proved by the fact that at the

collieries throughout the anthracite coal fields they are used for making

steam to operate the breakers, and also from the fact that nearly all the

railroads tapping the anthracite regions use them on their locomotives

with precisely the same results as were formerly obtained by the use of

large coal. At the electric-light stations, the power houses for the

cable roads, and many of the large office buildings in this city they now
use the small anthracite.

"As usual during March the 'opening prices' of the season were

made, and they compare as follows for six years. Prices are for free-

burning coal:

Opening prices for free-burning coal at New Torkfor six years.

Tears.
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" Soft coal on the market sold at very low prices for certain grades.

The tonnage made by certain of the districts tended to demoralize mar-

ket conditions. The prices were made early in the season at the rate

of $2.40 per ton at the lower Atlantic ports, and it is jiossible that

some of the better grades realized this figure on a portion of their

shipments. A fair exhibit of the course of prices of the best Georges

creek coal is shown below:

Prices for Georges Greclc coal at New Yorlcfor six years.

Tears.
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185,945 tons, a most satisfactory exhibit considering tlie general busi-

ness depression.

Trade dnring the year has been fair and generally well sustained,

notwithstanding the prevailing hard times. The year opened with

stove eoal free on board ISTew York quoted at $4.10 per ton, from which
point it rose by gradual advances to $4.40 in June, suffering a decline

in July and August, and then making final advances to $4.60, at which
point it remained until the close of the year.

Carriers' rates have covered a wide range, the minimum from Phila-

delphia being 50 cents, reached in the early part of August, and from
IS^ew York 35 to 40 cents, reached at various times during the summer.
The following table shows the receipts of coal by months for the past

year:

Coal receipts at Boston, Massachusetts, during 1S93, hy months.

Months.

January ..

.

February..
March..'...
April
May
June
July
August
September.
October
November.
December .

Domestic.

Anthr.acite. Bituminous.

Tons.
71,

102,

137,

173,

221,

231,

228,

165,

182,

305,

219,

187,

Foreign.

Tons.
51, 791

106, 750
71, 313

136, 004
117, 783
71, 087
99, 710
85, 999
84, 769

100, 604
107, 392
67, 182

Tons.
336

3,762
592

1,947
1,928

61
2,208

118
118

2,342
1,826
1,859

Total
I

2,227,086 1 1,100,384 17, 097

Total.

Tons.
123, 878
213, 49^
209, 406
311, 064
341, 280
303. 084
330, 551
251, 175
267, 356
408, 307
329, 125
256, 078

3, 344, 797

Philadelphia, Pennsylvania.—The wholesale prices for anthracite coal,

free on board at Port Eichmond, averaged as follows for the past five

years

:

Average imces of anthracite coal at Fort Eichmond, from 1889 to 1893.

Kind.s of coal.

1889.

Hard white ash
Free-burning white asii

1890.

Hard white ash
Free-burning wliite ash

1891.

Hard white ash
Free burning white ash

1892.

Hard white, asli

Free-burning wliite ash

1893.

Hard white ash
Free-burning white ash

Broken.

Per ton.

$3.70
3.50

3.65
3.50

3.75
3.65

3.75
3.70

3.70
3.60

Per ton.

!f3. 85

3.75

3.90
3.75

3.90
3.90

4.05
4.05

4.00
3.80

Stove. Chestnut. Pea.

Per ton.

$4. 05
3.95

4.05
4.05

4.05
4.00

4.35
4.30

4.30
4.20

Per ton.

$3.80
3.75

3.70
3.70

3.75
3.70

4.25
4.20

4.25
4.20

Per ton.

$2.10
2.10

2.25
2.25

2.25
2.25

2.40
2.35

2.25
2.15
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According" to tlie Coal Trade, the trade has been quiet enough in

the past year, but the great overturn in the Pliiladelphia and Reading
raih'oad management and the placing of that company in the hands

of a receiver is a matter of note. The net result was a very poor one

for the company and its coal adjunct, according to the rejiorts for the

last fiscal year, in si)ite of the economies i)racticed by the receivers.

Baltimore, Maryland.—The coal received at Locust Point for the

Baltimore mariiet includes Cumberland, Georges Creek, Myersdale,

and the gas coal from the West Virginia mines on the line of the

Baltimore and Ohio railroad, and that from the 1^ oughiogheny mines

in Pennsylvania on the line of the same road, for local use and for

northern shipment. Although the bulk of the coal received in Balti-

more comes by the Baltimore and Ohio railroad, the receipts over

the Northern Central are not inconsiderable. The receipts over the

Baltimore and Ohio in 1893 were 2,044,840 tons, and by the Northern

Central about 800,000 tons. Of the latter about 350,000 tons are

anthracite. In addition to the above, about 250,000 tons of anthracite

are received annually by the Susquehanna canal, and a comparatively

small amount of bituminous coal is received over the Baltimore and

Potomac railroad.

The three railroads have carried to Baltimore annually since 1883

the following quantities :

Coal receipts at Baltimore.

Tears.

1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Via Baltimore
and Ohio
railroad.

Via Northern
Central rail-

road.

Tons.
1, 618,

2, 510,

2, 238,

2, 313,

2, 167,

2,300,

2, 000,

2, 090,

2, 296,

1, 978,

2, 044,

Tons.
693, 494
767, 381
850, 303
818, 863
765, 082
680, 962
666, 972
735, 912
916, 086
896. 272
800, 000

ViaBaltiTiiore
and Potomac

railroad.

Tons.

15. :!:!8

10, 500
7,139

10, 000

Foreign sliijmients of coal from Baltimore.

Tears.
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''The movement of anthracite coal at Buffalo in 1893 was less than

in 1892, while the bituminous hj^uies show a small increase. The aver-

age price of anthracite was higher and bituminous lower in 1893 than

1892. Lake freights were much lower; taking the Chicago figures as

the basis, the range was 75 to 40 cents in 1892 and 60 to 30 cents in 1893

per short ton, free on and off, a decline of 15 to 10 cents.

" There have been few failures here and westward of our ports

among the anthracite dealers the past' year, and collections are said

to have been uniformly good. Upper lake ports are said to be sup-

plied with coal amply large enough for all the requirements of the

trade.

"ISTatural gas for fuel purposes continues to be used very largely

in the principal western resident portions of Buffalo, and extensive

additions are nearly completed for supplying a wide area on the

east side. The sources of supply are the wells of Pennsylvania, Canada,
and many small wells from outlying districts east of Buffalo. This

is a great factor in the reduction of the consumption of coal here.

''The bituminous coal trade of Buffalo in 1893 was very unsatis-

factory on the whole; starting in with active demand until about

the first of July, when trade fell off' through the financial troubles and
stiingency and continued in that shape until the end of the year.

Many factories ran on short time or closed entirely. Less traffic on
the lakes and railroads and other causes curtailed consumption very

materially. There was always plenty of coal on the market, as the

Pennsylvania collieries continued to be worked. Prices started in

about the same as those ruling at the close of 1892, but gradually

dropped off', and coal was furnished consumers for mere cost of

production and freight, and in many cases less than cost. No strikes

affected the supply, and the output was larger than in 1892.

'' The coke trade was much demoralized, owing to the depressed con-

dition of the iron-manufacturing interests. Quite a business has grown
up in Buff'alo, however, in the sale of coke for domestic purposes."

Mr. William Thurstone, secretary of the Buffalo Merchants' Exchange,
has compiled the statistics of the coal trade at that place during 1893,

which are given below, together with the figures for a series of years

carried forward from the previous volume of Mineral Eesources.

The following were the circular prices for anthracite, per long ton

of 2,240 pounds, during 1893:

Anthracite wholesale cireular prices in 1893.

Date.
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The circular prices for 1892 are given below for coniijarison:

Antliracite wholesale circular j)rtces in 1S92.

Diite.

January 1

March 24

May 2
June 1

July 1

September 1 to December 31.

Free on board vessels at BuiFalo,

Grate. Egg. Stove, ^l^^'

$4.80
4.55
4.80
4.80
5.05
5.35

$4.90
4.55
4.80
5.05
5.30
5.60

$4.90
4.55
4.80
5.05
5.30
5.60

$4.90
4.55
4.80
5.05
5.30
5.60

On cars at Buffalo or Suspen-
sion Bridge.

Grate. E;

$4.50
4.25
4.50
4.50
4.75
5.05

$4.00
4.25
4.50
4.75
5.00
5.30

Stove.

$4.60
4.25
4. .50

4. 75
5.00
5.30

Che.st-

nut.

$4.60
4.25
4.50
4.75
5.00
5.30

The retail prices of anthracite per 2,000 pounds, screened, delivered

in the city limits, during 1893, were as follows:

Anthracite retail prices at Buffalo in 1893.

Date.
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The following' tables exhibit the receipts and shipments of anthra-

cite, bituminous, and Blossbiiig (smithing) coal at Buffalo for a series

of years.

Coal recelpis at Buffalo for several years.

roars.
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capacity of 100 cars daily. And at the same poiut the Erie has a stock-

ing plant, with an average daily capacity of 1 ,000 tous, and storage capac-

ity of 100,000 tons.' The Eeadiiig has, at the foot of Georgia street, in

the city, a large trestle and pocket for the convenience of the retail

trade, and in connection with their docks, with a capacity of 2,000 tons.

The Bnffalo, Eochester and Pittsbnrg has terminals on Ganson and

Michigan streets, fronting on the Blackwell canal, with a water front-

age of 1,100 feet; also a town delivery yard, with a hoisting plant for

loading and coaling vessels, used by Messrs. Coxe Bros. & Co.

The distribution of exports of coal by lake from this port, during the

years of 1890, 1891, 1892, and 1893, as reported by the Custom House,

was as follows:

Clearances of coal at Buffalo for seven years.

Destination.
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Coal and coke receipts and shipmcnia at Cleveland since 1887.
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"The coal commerce between the mines of Ohio and the West is

increasing. This traffic has grown to its present enormous proportions

in a little more than a decade. Of course, the rapid increase in popu-

lation in the Northwest and the demand for increased supply has been

the great stimulating feature of growth in the trade, but cheaper cost

of mining, cheaper rail freight, cheaper methods of transfer at the lake

ports, and, last of all, cheaper lake freight by the great ships that now
transport this coal have all been supplied by the spirit, enterprise, and

capital of our citizens in order to meet and extend the demand to wider

fields.

"But like commerce and trade in all branches in this coantry, the

coal trade has been adversely affected in price and demand by the

money adversities of the year. The demand for propelling machinery

has been decreased, and the domestic fuel demand is also lessened.

" Receipts at Toledo have increased 54,590 tons compared with 1892,

and there are sufficient reasons for it. The harbor and the straight

channel through the bay, admitting the largest vessels that float on

the lakes, and the increase in dock and transfer facilities are a sufficient

explanation of the increased movement hence."

Coal receipts at Toledo since 1SS6.

Wabash Railroad
Lake Shore and Michigan Southern Railway.
Cincinnati, Hamilton and Dayton Railroad ..

Pennsylvania Company
Micliigan Central Railroad
Columbus, Hocking Valley and Toledo Rail-
way

Toledo, Ann Arbor and North Michigan Rail-
way ^

Toledo, St. Louis and Kansas City Railroad .

Toledo and Ohio Central Railway
Lake.
Wheeling and Lake Erie Railway
Toledo, Columbus and Cincinnati Railway ..

.

Cincinnati, Jackson and Mackinaw Railroad.

Total

.

1886. 1887.

Tons.
12, 598

165, 382

8, J 98
201,427

9, 594

1, 039, 200

1,910
3,828

404. (584

87,120
391.086
15, 832

2, 340, 859

Tons.
9,637

206, 099
11, 741

330, 020
13, 864

955, 620

552

590, 000
117,921
454, 813

5,446

2, 695, 810

188S.

Tons.
10, 375

201, 064
37, 831

339, 750
16, 504

1, 358, 025

24, 700
1,359

637, 000
140, 963

755, 155
2,014

45

3, 423, 780

1889.

Tons.
8,586

35, 693
51, 746

234, 675
19, 935

923, 745

96
3,287

706, 950
90, 282

763, 055
2,210

54

2, 838, 314

Wabash Railroad
Lake Shore and Michigan Southern Riiilway.
Cincinnati, Hamilton and Dayton Railroad.'.

.

Pennsylvania Company
Michigan Central Railroad
Colinnbus, Hocking Valley and Toledo Rail-
way

Tolecio, St. Louis and Kansas City Railroad .

Toledo and Ohio Central Railway
Lake ,

Wheeling and Lake Erie Railway
Toledo, Columbus and Cincinnati Railway...
Cincinnati, Jack.wn and Mackinaw Railroad

.

Total

1890.

Tons.
3,620

20, 592
25, 753

214, 765
3, 1.52

931, 716
8,420

820, (149

133, 813
853, 940

65

3,021,880

1891.

Tons.
600

8,872
35, ;!50

172, 325
524

604, 039
6,891

30n, 429
83, 800

1,007,042
35, 064

1892.

2, 754, 943

Tons.
500

43, 252
82, (j53

92, 894
420

394, 895
5,041

450, OUO
112, 199

1,080,000
30, 000

101

2, 291, 355

Tons.

31,

100
141
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Chicago, Illinois.—The following: table sliows the receipts of coal at

and the shipinents from Chicago during 1892 and 1893, as collected by

tlie Bureau of Coal Statistics:

Coal and coke receipts at Chicago in 1S92 and 1SD3.

Months.
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Coal and coke receipts at Chicago in 1892 and 1893—Continued,

Months.
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ing the enormous quantities distributed from the liead of Lake Superior

througliout tlie far Northwest.

The facilities for handUng coal at Milwaukee are of the latest and
most approved description. Tlie dock room is ample and easily access-

ible to vessels of the largest class, having in this respect a great advan-

tage over Chicago. Many vessels engaged in the grain trade of Chicago

and ore trade of Escanaba, bring return cargoes of coal to Milwaukee.

The coal carrying trade is looked upon as one of the most important

factors iu building up the commerce of Milwaukee.

Receipts of coal at Milwaukeefor vine years.
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The Milwaukee, Lake Shore and Western railway became a part ol

the Chicago and Northwestern railway system, radiating from Milwau-

kee, and the Milwaukee and Northern railroad was in like manner
absorbed by the Chicago, Milwaukee and St. Paur railway, and the

traffic of both of these roads for 1893 was merged in that of the larger

corporations.

Receipts of coal at Milwaulcee hy lake and rail annually for thirty years, from 1862 to

1S93, inclusive.

Tears.
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Coal receipts at Duluth, Minnesota, and Superior, Wisconsin.

219

Yoars.
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Saint Louis, Missouri.—Tlie following s^immary of tlie coal trade of

Saint Louis for the year 1893 lias been furnished by Mr. James Cox,

secretary of the local bureau of information

:

"The most significant feature of the coal trade of St. Louis for the

year 1893 was an increase of more than 7 per cent, in the consumi)tion-

of coal, which is remarkable in view of the general manufacturing

depression reported throughout the country. The rei^ort of the State

labor commissioner, published in December, stated that a larger number
of men were employed in Saint Louis factories than at any previous

ous date, and the fact that nearly 88,000,000 bushels of coal were

received bears out his statement. The Baltimore and Ohio, the Toledo,

Saint Louis and Kansas City, and the Saint Louis and Eastern rail-

roads all hauled into the city very much more coal than in any previous

year, and the only falling off was in the receipts from the Ohio river,

which fell from 2,000,000 to 500,000 bushels. The railroad returns

show that there was great activity in the Illinois coal fields, whence
nearly all the soft coal used in the Saint Louis factories is obtained.

The price of soft coal at the close of the year M^as remarkably low,

being but $1 per ton delivered at East Saint Louis, or between $1.25

and $1.30 per ton on the switches of the manufactories in Saint Louis

proper. The highest price for the" year was about $2. The higher

grades of Illinois coal for family use sold at the close of the year at

$1.57, East Saint Louis delivery, or about $1.80 to $1.85 delivered on

the west side of the river. The actual receipts of soft coal really show

a much larger increase than 7 per cent., because there was a decrease in

the hard coal receipts, motives of economy doubtless leading to more

soft coal being used for family use than in more strictly boom years.

"The hard coaV receipts for 1892 showed an increase over the rep-

ceding year of nearly 50,000 tons, but the receipts for 1893 show

a falling off from the record breaking of 1892 of about 14,000 tons.

Anthracite prices have ruled lower than in 1892, when they closed

at $7.75 and $7.50. The highest for 1893 was $7.50 for small sizes

and $7.35 for large egg. The December figures ranged only from

$6.70 to $6.85. Coke also sold cheaper than in 1892. The closing for

the latter year, $5.65 -per ton, is the highest for 1893, for Connellsville

coke, the closing quotations for which were $4.80 to $4.85. New Eiver

coke sold from 15 to 35 cents cheaper. The total receipts of coke were

7,807,000 bushels, about a million less than 1892 and a million more than

1891.

" The agitation against smoke has made great progress during the

year, the Citizen's Smoke Abatement Association having secured the

conviction of several offenders. Householders in one expensive neigh-

borhood have been working under an agreement not to burn coal of

any kind in their houses, and it is believed that this policy will extend

and result in a great increase in the local consumption of coke. Anthra-

cite coal is very x^opular, but the high price seems to deter its general
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use for houRohold purposes, altLougli tlic public is certainly being edu-

cated rapidly iu tliis direction."

The following are the receipts of coal and coke during the last four

years

:

Coal and eolce receipts at Saint Louis since 1S90.

1890. 1892. 1893.

Soft, coal bushels
Hard coal '. tons
Coke bushels

69. 477, 225
124, ;!35

9, 919, 850

72, 078, 225
139, U.V)

6, 924, 250

82, 302, 228
187,327

8, 914, 400

87, 769, 375
173,653

7, 807. 000

The following are the prices per ton of the most used grades of coal

in Saint Louis in 1893.

Prices of coal at Saint Louis during 189S.

Highest. Closing.

standard Illinois .

.

High grade Illinois

Anthracite

:

Large egg
Small

Connellsville coke

.

New river coke
Indiana coke
Kentucky coke
Gas coke

$1.95
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and by the coal exported from here. The deepening of the channelto

the city of Mobile brought about by the Government work has caused

more steamers to come here than heretofore. These steamers tind the

Alabama coal to be excellent as a bunker coal, and take more and
more of it.

Seceipts of coal at Mobile, Alabama, for ten years.

Tears.
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Foreign shipments are to Mexico and Central American ports. Dur-

ing the Great Britain coal strikes in 1893 one cargo of 3,543 tons was
shipped to Las Palnias, Africa. Banker coal taken by steamers en

route are cleared at the Norfolk custom-house for ports of destination,

hence exports appear for distant co,untries when coal is consumed on

the passage. Of the total coastwise shipments in 1893, 1,003,283 tons

were to New England ports. The total freight paid American vessels

during the year was $938,805. No coastwise shix)ments are allowed in

foreign vessels.

8an Francisco, California.—Mr. J. W. Harrison reports the trade for

the year as follows

:

The quotations for coal this year have been very steady; the highest

and lowest values have not varied over 50 cents per ton. Importers

have profited by last year's experience, and at no time has the market

been overloaded by the arrival of unsold cargoes. Business for the

moment has come to a standstill, and will show no vitality until we
shall ascertain whether bituminous coal shall remain dutiable or not.

The following table of prices will show the monthly iiuctuations of

foreign coal for " spot " cargoes. The average price is given for eacli

month

:

Monthly prices of coal at San Francisco in 1893.
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THE COXSUJVIPTIOX OF SMOKE, (a)

The abatement of what is knoAvii as the '' smoke nuisance" in large

cities where bituminous coal is the principal fuel is no longer a difficult

question to solve. In fact it has been thoroughly established that,

except in a few cases mentioned later on, the emission of heavy gray or

denseblack smoke from furnace stacks is not only as unnecessary as it

is objectionable, but that its abatement is of direct advantage to the

owners of the furnaces. It is not proposed in this report to enter into

any prolonged discussion of the subject, but rather to show by what

has actually been accomplished its practicability and economy. Some
attempt will be made to explain how the consumption of smoke is

effected. Mention will also be made of such devices for preventing

smoke as have come under the writer's notice in the course of a recent

investigation, and how much has actually been done towards abating

the nuisance in different cities, together with such ordinances as have

been passed and put in force. These will be taken up in order.

Practicability.—In order to obtain more satisfactory and practi-

cal knowledge of the subject than could be gathered from the items

appearing from time to time in the trade journals or from papers

prepared for technical societies, the writer has recently visited a num-

ber of the larger Western cities where more or less effort has been

made to purify the atmosphere from this pollution. The cities vis-

ited were, in order, Cincinnati, Ohio; Louisville, Kentucky; Saint

Louis, Missouri; Chicago, Illinois; Cleveland, Ohio; and Pittsburg,

Pennsylvania. In testimony as to the practicability of preventing

smoke. Saint Louis makes the best witness and brings conclusive evi-

dence by the present almost unsullied condition of the atmosphere,

whereas two years ago the city was continually covered by a heavy pall

of smoke. Cincinnati comes second with a very creditable showing ; but

owing either to lack of proper ordinances, or the non-observance of

those in force, little had been accomplished in the other cities at the

time of the writer's visit. Interest is being aroused, however, and it

may confidently be expected that within a few years at most a marked

improvement will be shown. What is most needed in order to accom-

plish satisfactory^ results is the united efforts of the citizens themselves.

This once obtained, the remainder will be found a comparatively easy

task. Saint Louis may be taken, for example. An association was

formed having for its members about 1,800 of the prominent public-

aTho writer desires first of all to make proper acknowleclgment and give due credit to Mr. Robert

M. Van Home, smoke inspector of Cincinnati, and to Prof. William B. Potter and Mr. William H.

Bryan, of the Saint Louis Smoke Commission, for most of tlie practical knowledge contained in this

article, and also for many courtesies extended to him on the occasion of his visit to those cities, when
collecting material and information on the sulycct. The reports of Mr. Van Home and of the Saint

Louis Smoke Commission, as well as that of a special committee appointed by the Citizens' Asso-

ciation of Saint Louis to investigate the' question, have been liberally drawn upon in the preparation

of this report. The conscientious work which these gentlemen have performed and the success they

have attained in abating the smoke nuisance in those cities, in the face of numberless difficulties, is

deserving of the warmest praise.
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spirited citizens, who paid $5 initiation fees and $1 annual dues.

Tliiougli their eliorts ordinance^ were passed and proper means adopted

for their enforcement. The result speaks for itself. The work of this

association, its special committee on prevention of smoke, and of the

Saint Louis smoke commission will be more fully discused farther on

in this article. In Cincinnati, the labor has devolved principally upon
one man, Mr. Eobert M. Van Home, supervising engineer. Mr. Van
Home had to carry on his Vork hampered by defective State laws

regulating city ordinances, and under many other difficulties, but he
has done his work conscientiously and well as will be seen hereafter.

With the knowledge of what has been so successfully accomplished in

two cities, and with their experience to profit by, there is no reason

why other cities should long postpone favorable action. With proper

devices for consuming smoke bituminous coal should be able to replace

anthracite in some of the Eastern cities, where, as in New York, its

use under boilers is at present prohibited.

Economy.—The prevention of smoke implies thorough combustion of

the fuel, as the smoke really consists of minute particles of unconsumed
distillation products of the coal. The percentage of coal in the smoke,

however, is so small that its combustion adds comparatively little to

the heat value. In fact, it may not be considered at all in the line of

economy. The practical saving is effected in two ways. First, by the

ability to use with the proper device the smaller sizes and consequently

cheaper grades of coal, such as nut and slack, instead of lump, and
with equal efficiency. In fact, with automatic stokers the use of small

sizes of coal is compulsory, and it is safe to estimate that from 30 to 40

per cent, is saved to the consumer in his fuelbill from this cause alone.

Second, by careful firing. In order to prevent the smoke, whether the

firing is done by hand or by automatic stokers, care must be taken that

coal is fed to the fire only as often, or as rapidly, and in such quantity

as required. Let too much fresh, coal be added to the fire and smoke
will issue from the stack no matter what device be employed. The
economy effected by the exercise of proper care in firing the furnaces

is considerable. It would seem advisable in preparing ordinances

against smoke emission to include a provision compelling all eDgineers

and firemen to have licenses, and to revoke the license of any engineer

or fireman whose stack emits heavy gray or dense black smoke, except-

ing, of course, at such times when it is impossible to prevent it; namely,

when stirring the fire bed, removing clinker, or building a new fire.

Row smoke consumption is effected.—As before stated, the prevention

of smoke from bituminous coal is accomplished by the thorough com-
bustion of the fuel. When fresh coal is fed to the fire hydro-

carbons immediately begin to volatilize, part of the hydrocar-

bons are decomposed and part of the carbon set free, and this, if

unconsumed before leaving the firebed or if not checked in the

MiN 93 15
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stack, passes into the air as smoke. It can readily be seen that, in

order to consume this carbon, what is done must be done quickly.

First, a high temperature is necessary, consequently the amount of

fresh coal fed at one time must be small or the fire will become too cool

to accomplish it. Second, sufficient air must be supplied to effect

combustion. Third, some device must be employed other than the

ordinary style of furnace. This brings us to the discussion oi

devices and appliances designed for the -purpose of preventing smoke.

Steam jets.—Steam jets are considered first, not because of their

superiority, but because they are now popularly known, and are usually

of simple construction and easily understood if not always easily man-

aged. There are so many different inventions of this kind, some

patented and some not, that it is inadvisable to give more than a

general idea of their action. They are arranged to inject the steam

from over the door, from the sides or from the bridge wall. These are

the objects to be accomi)lished by the steam jet : (1) to force or syphon

additional air over the fire bed; (li) to agitate the gases so as to

allow the air to mingle with them quickly, and (3) to decompose the

steam into hydrogen and oxygen, the latter with the freed carbon

forming carbon monoxide, which burns to carbon dioxide when air is

admitted over the grate. The hydrogen also burns to water, and is

carried in the form of steam out of the stack. In all devices of this kind

it is advisable in order to accomplish the result that additional air

be admitted over the grate, whether by a duct connected with the

steam jet, at the sides or bridge wall, or by the door. Frequently an

air vent is made in the door, and this, from what the writer has

observed, is to be preferred. T'here is no doubt but that some of these

devices perform the work to entire satisfaction. But unfortunately

a large number of cheaply constructed patterns have been put in use,

the comparatively low cost of installation recommending them to fur-

nace oAvners, and have x)roven so unsatisfactory that they have had

to be replaced. The worst effect of these has been to prejudice a

large number of furnace users against all manner of smoke preventers.

It frequently occurs that a steam jet device will do very effective

work in a furnace of a certain make and yet prove utterly worthless

in the same kind of furnace when slightly different conditions in draft

and stack obtain. There are other causes for failures also. The jet

may not be set at the proper angle, and the steam strikes the bed

where it has no more efl'ect than to partly cool the fire, or not strike

it at all. Then the intelligence and carefulness of the fireman enter

as important factors. The best device will prove unsatisfactory with

a careless fireman, and with the cheaper ones the case is aggravated.

Not only should the fresh fuel be fed in small quantities, but for at

least five minutes after firing the extra supply of air over the

grate should be admitted. Mr. Van Home, supervising engineer,

or " smoke inspector " of Ciuciunati, recommends that the supply of
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air and steam sliould bo controlled by an automatic device. These

are in use at a number of places. Before i)uttinj? in a steam jet de-

vice a furnace user sliould be tIiorou<>lily (convinced of its elUiciency.

Having once installed a device and found that he is as badly oft" as

ever, a man is naturally averse to making any more experiments,

and is apt to be opposed to the entire scheme of smoke prevention.

The preceding remarks must not be taken as condemnatory of the

general plan of steam jets, but it is only fair to all concerned to warn
furnace owners against cheap makeshifts. In many cases the steam

jets are to ha commended, particularly when the demands upon the

boilers are liglit, pretty steadily maintained and the boilers do not

have to be forced.

Automatic stolcers.—Automatic stoking devices probably come second

in the number in use. Like the steam jets there are a great many
patterns, but the general princii>le is about the same in all, though

the styles differ materially. The coal is fed regularly in small quan-

tities and the usual scheme is to have the gases from the fresh fuel

pass over or througli the bed of incandescent coal. They are thus

consumed while the fresh coal is practically being coked and thus ren-

dered smokeless. The grates are usually inclined either from front to

back or from sides to center, or they are movable and are arranged to

carry the coal backward by their own motion. The coal is fed from

hoppers either by screw or ram attachment, or by the movement of the

grate. Small sizes of coal are necessary for this style of device.

Nearly all of them have some special points of merit to recommend
them. The chief objection to be argued against their use is that forc-

ing the boilers is impracticable. In this way their capacity is limited,

but this may be overcome b}^ having suflicient J^oiler capacity in the

first place. Brief descriptions of some of these^tlevices will be given

further on.

Under feed.—But one device of this nature has come under the

writer's notice. Briefly, the coal is fed by a ran), worked by hand,

under the grate. From a hopper in front of the boiler the coal falls in

in front of the ram and a stroke forces it into the fire box. The fresh

coal coming up from below is coked, the gases passing throngh the

incandescent bed above. The draft is altogether forced and the safety

point of the boiler is the only measure of its capacity. It is claimed

for this device that it can be used under any style of boiler. It is

especially adapted to industrial plants, where forcing the boilers is at

times necessary or expedient, but the noise and vibration occasioned

by the fan of the force draft render it objectionable for use in hotels or

office buildings.

Down-draft furnaces.—Among the more important of the other inven-

tions are what are known as "down-draft furnaces." In these the

back of the fireplace is closed. The draft is admitted from above the

grate at the feed door and the flame is carried down through the fire
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bed. In this device the effect of consuming the gases is obtained in

the same manner as with the underfeed meutioned above, but in the

opposite direction. On account of the intense heat to which the grate

is subjected, it is necessary to have it made of water tubes. These are

so arranged that the water from the mains to the boiler passes through

them and hot water instead of cold enters the boiler. The principal

objection to be urged against this form of device is that the grate bars,

in order to allow sufficient vent for draft, have to be set further apart than

with the ordinary grate, and the heavy draft is apt to force consid-

erable quantities of small uuconsumed coal through the spaces. This

waste may be prevented by using coal which cakes in burning. Coals

which disintegrate instead of fusii-ig are objectionable for this reason.

In one respect this device varies from all others; it is fed by hand, but

there is very little danger of throwing on too much fuel to allow of the

consumption of the smoke. Care must be taken, however, in stirring

the fire. The fire bed should never be tossed or broken up so that

larger holes are made in it, for in that case the gases escape through

them, carrying the unconsumed smoke which is then emitted from the

stack. The special committee appointed by the citizens' association in

Saint Louis to investigate the smoke problem and devices for its sup-

pression, reports very favorably upon this method of combustion,

which it says, " is effected in a far more rational way than on the

ordinary fire bed. The fresh coal is as usual charged on the top of the

bed, but the air enters from the top, and therefore, cooler part, quickly

gaining heat from contact with the heated coal, and passes with the

smoke and distilling volatile matter through the bed of incandescent

eoke below.

"The separated carbon and all gaseous products thus become in-

tensely heated. The 'ftioisture of the coal and the combined water of

the volatile matter are decomposed into hydrogen and carbon monoxide

gases, which, with the aid of additional air supplied below the grate,.

burn with useful effect, while the separated carbon disappears into in-

visible carbon dioxide gas."

Other devices.—Many other devices have been invented. Among
them may be mentioned (1) fire brick arches and checkerwork

; (2) hol-

low walls in the furnace for heating the air before it reaches the fire bed.

(3) Coking chambers in the forward part of the grate where the fresh coal

is charged. The gases then pass over the incandescent bed in the rear,

and when the coal in the front is itself in an incandescent condition it

is pushed back to the rear and new fuel added. (4) Double chambers,

into which fresh fuel is fed alternately, and by arrangement of drafts

the gases from the fresh firing are passed under and through the glow-

ing bed of the other chamber. (5) Syphon attachment to stack. This

arrangement necessitates an artificial draft. The plan consists of a

large sheet-iron pipe inserted in tlie stack and branching outward and

upward at an angle of about 45°. At a short distance from the stack
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it curves downward and euters the draft pipe at about the same angle

aud in the direction of the draft. (G) A plan in nse in Eugland, but not

to the writer's knowledge, adopted in this countiy, consists of passing

the gases through a tank of water. The unconsumed carbon is precipi-

tated in the water and is used for other purposes.

Stability, space, and particularly the intelligence and skill of the

tireman, enter as potent factors into the use of these devices. Whether
their merits overcome the objections is a question to be solved by prac-

tical demonstration in individual instances. Those interested in the

subject are referred to the report of the special committee of the Saijit

Louis citizens' association. Prom this report regarding the require-

ments necessary for a successful smoke-preventing device, the writer

quotes as follows

:

" To prove successful under the conditions, which as outlined above
commonly exist in the boiler practice of this city, a smoke-preventing

device must satisfy three sets of requirement's

:

"1. Efficiency.—This includes {a) the development of such a high
temperature and oxidizing action as to insure the combustion of the

free or separated carbon which forms the visible smoke; (b) regular-

ity of action under varying conditions, such as are induced by charging

fresh coal, cleaning fires, inattention of firemen, etc.
;

(c) not suscepti-

ble to derangement under conditions likely to obtain, as carelessness

of fireman, inferior water, bad clinker, etc.
;

{d) small, if any, increase

in the cost of operating.

"2. Capacity.—This must be such that eflBcient action will be secured

not only when the boiler is working up to its full rated capacity, but
even when forced in order to meet extraordinary demands.

"3. General applicability.— [Jnder this head may be included {a) ready
adjustment to all forms of boilers and boiler settings; {h) application

where space is already limited; (c) comparative low cost; [d) repairs,

small in amount, easily made, and of low cost; (e) operation without
injury to boiler or other accessions."

LIST OF SfflOKE CONSUMING DEVICES.

The following partial list of smoke-consuming devices is furnished

for the benefit of those who may desire to inquire into their merits.

No recommendations or criticisms are made. AH of these devices are

at present in use, some in Saint Louis, some in Cincinnati, some in Chi-

cago, and some in two or all of these cities. The Saint Louis smoke
commission has i)ublished official reports of tests made on a few of

these devices. The fact of a test of the device having been made is

stated in connection with the brief description given.

STEAM JETS.

Mullen^s automatic smolce preventer.—This is a steam-jet device by
which at the opening of the doors for firing the steam is turned on
automatically, aud at the same time a small flap door in the front dour
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for admiting air over the lire bed is opened. After firing tlie front

doors are closed, and tlie steam and air are kept on for about five min-

utes, when they are shut offautomatically by a gravity device, controlled

by a cylinder and piston valve. The steam jets are set over the front

door. Patented.

Chicago smolce j)reventer.—In this device one jet is set over each door

and the steam discharged so as to strike the fire where the grate meets

the bridge wall. Tbe lower part of the front door consists of a tia]),

which opens inward and is kept open by a ratchet. The steam is kept

on all the time and the flap is opened and shut by hand. Patented.

The G. A. Gray Gompany^s device.—This device is somewhat similar

to the one last mentioned, but is i)rovideLl with an automatic shat off

for the steam jet, by which the steam is sto])ped at from three to six

minutes after firing. It is not patented.

Ohio Improvement Company's device.—In this device the steam is

injected from the sides of "the I'nrnace wall by numerous perforations

in a cast-iron brick. This device has been patented, but the patent is

reported to have expired.

Western smolce preventer.—In connection with the steam Jet in this

device is a pipe for supplying extra air, which is siphoned into the fur-

nace by the force of the steam jet. The jets are set downward and
backward and enter over the front door.

Another siphon device used locally in Cincinnati to some extent

under tubular boilers with forward breeching has the air heated as it

l)asses into the furnace. It is not patented.

The William Corry device.—This device is also used locally in Cin-

cinnati and is not patented. The jets are applied in the customary

manner over the front door, while fresh air is supplied through tlte

bridge wall, which is built hollow.

All of the foregoing devices are more fully described in the rejiort of

Mr. E. M. Van Horne, smoke inspector of Cincinnati, together with a

list of places in that city where they may be seen in operation.

The National smolte preventer.—This device is very similar to the

Chicago smoke x>reventer, having a flap door that opens inward and is

controlled by hand. Tlie flap is opened and the steam turned on just

before firing, and upper draft and steam both shut off after the new
coal is incandescent.

In addition to the above there are a number of steam-jet devices, all

of similar construction, which are used locally in different cities. In

many cases, where the engineer is of an inventive turn, he applies a

contrivance of his own construction, and these, in many instances,

prove quite efficient, more so, indeed, than some of the patented ones,

for the engineer is then able to study his own furnace and ai)ply his

device to the best advantage. But this only goes to prove how nuich

of the i^ersonal equation of the engineer enters into the success of

nearly all, if not all, the smoke-consuming devices.
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AUTOMATIC STOKERS.

Standard smolcelcss furnace.—Tlic Saint Louis smoke commission has

tested this furnace, and in its report to tlie board of public improve-

ment says

:

"This device beh)ng-s to the mecliaiiical feeder or stoker class, whose
principal ieature is the delivery of the fuel to the grate bars and the

manipulation of the fuel bed by mechanical action in jdace of hand
labor. The main object in view is to secure tlie regular and gradual

feeding of fuel to the front of the lire, so that the fresh fuel will at no

time give out excessive quantities of smoke gases, or such as can escape

more complete combustion in passing over the bed of incandescent fuel

beyond. * * * With the best of hand firing it is impossible to pre-

vent the charging of excessive quantities of fresh coal or to avoid a fre-

quent admission of great volumes of cold air when firing. By substitut-

ing mechanical action for hand labor these difficulties are easily over-

come, as the fuel is fed continuously, at a comparatively slow rate, and
without having to open the furuace doors. The fuel is therefore i)re-

pared in each stage for the succeeding one, and no cold air need enter

the fireplace at any time."

The foregoing may be taken as a general principle governing all self-

stoking devices. They vary greatly in plan and construction, but the

general object is about the same. With the Standard the coal is fed

into hoppers in front of and a little above the furnace, whence it passes

into shoots leading to each side of the fire. From there it is forced by
rams driven by a slowly revolving shaft into Avhat are termed coking

boxes, so arranged as to drop the coked coal on to the fire bars in con-

tinuous and regular quantities. The grate bars are movable, and are

brought forward alternately by means of cams, au-d then go back alto-

gether, carrying the coal gradually to the back. The grate bars are made
with the upper side in steps three-eighths inch each to facilitate working
the coal backwards. On the highest step at the front of the grate

there are no spaces between the bars, so that none of the unconsumed
coal is lost, but the other three steps or divisions have oue-fourth-inch

spaces between the bars. The connections are so arranged that the

speed of feeding coal to the fire bed may be increased or lessened inde-

pendently of the movement of the grate bars. More detailed descrip-

tion of this device with comparative tests in economy, etc., will be

found in the report of the smoke commission referred to.

Murphy automatic stolcer.—In this device the magazines of fuel are

on the sides instead of at the front of the furnace. The grate bars are

inclined from the sides to the center, the fresh coal falling slowly to the

hot fire at the bottom.

Roney stolcer.—In this device the grate is inclined from front to back.

The coal is fed into a hox)per at the front and above the grate .bar, and
is pushed forward by a moving feed iilate beneath. The grate bars
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are roclved gently witli each movement of the feed plate and the coal is

thus kept moving slowly down the grate, and the ashes and clinker

drop at the rear. Small doors are set at the sides of the feed plate so

that the grate bar may be raked when necessary. In several places

where this furnace is used the coal is carried to a large magazine high

above the furnace by means of an endless chain arrangement and from

there by long sheet-iron pipes into the hoppers, so that absolutely no

handling of the coal is required.

Briglitman stoker.—This is similar in construction to the Roney stoker,

the difference being in some unimportant details. Somewhat similar

also is the Tharj) and Meredith stoker, an unpatented device used in

Cincinnati. Both of these devices have dumping grates in the rear.

Chain grate.—In the boiler house of the new union depot in Saint Loijis

there are three or four large boilers furnished with a chain grate furnace.

This device is rather difficult to describe briefly. The grate bars, if

such they may be called, are in links about 6 inches long, are kept

moving slowly from front to back, revolving over drums at the front

and back of the furnace. The fresh coal is fed from a hopper extend-

ing along the entire front of the furnace, and as it burns is carried

slowly back, the ashes and clinker dropping into the ash pit at the

rear. The amount of coal and the speed of the grate's movement may
be regulated automatically.

The Jones underfeed.—This is a mechanical stoker, but not automatic.

It is the only one of the kind that has come under the writer's notice.

A short description of it is given on page 227.

OTHER DEVICES.

Keene smoTce consumer.—This device bas been reported on by the

Saint Louis Smoke Commission. It consiwSts of a forced draft, the pipe

of which is connected with the flue of the furnace, by which it is sup-

posed to siphon the gases and distillation products out of the stack

and passed again through the flrebed. That it does take in some of

the gases and thus heat the air is possible, but, as the commission in

its report says, the combustion is effected by the increased quantity of

air, and it is the commission's opinion that the same result would be

obtained without the siphon attachment; that the heat derived from

the flue gases is neutralized by the inert nitrogen, carbonic acid gas,

and water in form of vapor, which are in the gases, and which, to a

certain extent, retard combustion.

The Haicley down draft.—This plan of smoke consumer consists in

diverting the draft. Instead of the draft entering below the grate and
passing upward to the flues, it enters from the feed doors, and the back

of the furnace being bricked up, the draft passes down through the

grate and under the bridge wall to the boiler flues. It is more fully

described on page 227.
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The Gallafjiier furnace.—In this furnace an extra supply of air is

given to the flame at the sides of the furnace above the grate and at

the bridge wall. The air is heated by passing through ducts in the

side walls, the air supplied at the sides being carried from the front to

the rear and then back to near the front of the grate. Patented.

Murray hrieJc arch furnace.—This furnace is constructed with a brick

arch low and long so that the gases are confined in a cliamber whose
walls and covering are intensely heated until the gases are consumed.
Firing is done by hand, and in this, as in all of its class, great care

must be taken in charging. The following devices are also made with

the brick arch, and while differing in some minor details are sufficiently

alike as to render longer description unnecessary.

Kieffer Brothers' furnace.—Additional air at bridge wall. Patented.

The McGinnisfurnace.-Swmging door in feed door to augment draft.

Bridge wall of brick built high and having square openings through
which flame is passed. Patented.

Charles Einic and Son''s furnace.—This furnace, in addition to arch,

has hot air at the bridge wall and steam jet over front door. Patented.

The J. K. Bugg device.—The arch is supported by iron water jjipes,

through which water from boiler circulates. Patented.

The David Sinton furnace.—The arch is in three sections, each lower

than the other toward the rear. The grate is high in front and low at

the rear. It is not patented.

James M. Glenn furnace.—This is the ordinary furnace with the bridge

wall built close up to the boiler, and having two openings through
which flame passes, and additional air is supplied by ducts at these

openings. The design is not patented.

The foregoing list, as stated, is but a partial one, but is sufficient to

give an idea of the many types of smoke consumers. In order to indi;

cate what a variety of devices has been invented it is but necessary to

state that the special committee appointed at a meeting of Boston soft-

coal users to investigate the subject of smoke consumption, advertised

in the newspapers for the submission of smoke-consuming devices, and
forty-eight devices were submitted.

Some information as to how the subject is being considered by munic-

ipal authorities may be obtained from the following abstracts from city

ordinances, etc. :

CITY ORDINANCES REGULATING SMOKE CONSUMPTION.

Saint Louis, Missouri.—As the best results in the suppression of

smoke have been accomplished in Saint Louis, the ordinances under
which the work has been carried on in that city are given precedence

and special prominence in this report. There are two ordinances, ISTos.

17049 and 17050. They were both approved February 17, 1893, but

the first number (17049) did not go into effect until six months after

its approval by the mayor, whereas the latter took effect at once. The
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reason for this will be readily uudcrstood upon reading the ordinances,

which are as follows:

"No. 17049. Section 1. The emission into the open air of dense black

or thick gray smoke within the corporate limits of the city of Saint

Louis is hereby declared to be a nuisance. The owners, occupants, man-

agers, or agents of any establishment, locomotives, or premises from

which dense black or thick gray smoke is emitted or discharged shall

be deemed guilty of a misdemeanor and, upon conviction thereof, shall

pay a fine of not less than ten nor more than fifty dollars. And each

and every day wherein such smoke shall be emitted shall constitute a

separate offense.

"Sec. 2. This ordinance shall take effect at the expiration of six

mouths after its approval by the mayor."

"No. 17050. An ordinance authorizing and providing for the making of

regulations limiting and defining permissible smoke emissions, and

for the testing of smoke prevention devices, and for the making of

such tests and experiments as may be deemed advisable with a view

to the abatement or suppression of the smoke nuisance.

" Be it ordained by the municipal assembly of the city of Saint Louis,

as follows

:

" Section 1. The president of the board of public improvements is

hereby authorized and directed to appoint, with the approval of the

mayor, a commission composed of three competent persons, who shall not

be directly or indirectly interested in the manufacture, sale, or construc-

tion of any furnace or other article having practical relation to the pro-

duction or prevention of smoke. Said commission shall ascertain by a

thorough canvass of the city, and report to the board of i)ublic

imi)rovemeuts within four months after tlieir appointment, the condi-

tions and liabilities under which manufacturing and other parties can

not wholly or reasonably prevent the occasional production and emission

of dense visible smoke. Such ascertained conditions and liabilities,

when approved by the board of public improvements and mayor, shall

be published, and thereafter shall constitute instructions to guide and

limit the officials charged with the enforcement of smoke suppression

ordinances. And it shall b,e a valid and sufficient defense against any

complaint that the offense charged comes within such recognized con-

ditions and liabilities.

" Said commission shall conduct and make practical tests of all

devices for the prevention or suppression of smoke which shall be sub-

mitted to them, in accordance with the conditions hereinafter set forth,

and shall prepare detailed reports, stating the facts and conclusions

based thereon, as to the efficiency of such device, the conditions of its

successful operation, and the limitations to its efficiency. Said report

shall be made promptly, when any test is completed, to the board of

public improvements, which report may be rejected by said board if



COAL. 235

found to be xinfair or niitrne. If accepted by said board, tlie report

shall be published for the in formation of the public.

"Said coinmission shall also be called upon by the president of the

board of public improvements to make such tests and experiments as

may, in his judgment, bo needed to determine the applicability of spe-

cial or smokeless fuels to domestic, locomotive, or other uses with a

view to the abatement or su])pression of smoke, and shall i)repare

detailed reports of the results, together with such conclusions and rec-

ommendations as in their judgment may be warranted by the facts,

said reports to be made promptly and printed (or the information of the

l)ublic.

" Sec. 2. The commissioners authorized by the preceding section shall

receive, in compensation for their services in ascertaining, by a thor-

ough canvass of the city, and rei)0fting the conditions and liabilities of"

smoke suppression, the sum of $1,000 each, payable upon the cer-

tilicate of the president of the board of public improvements that such

report has been made to and accepted by the board of public improve-

ments. For their services in conducting tests of devices, and making
reports thereon, they shall each receive the sum of $75 for each device

tested and reported, and for conducting the special tests and experi-

ments, as provided in the preceding section, $100 for each series of

tests or exi)eriments, together with a lull report of the same. Said

respective sums to be paid on the certificate of the president of the

board of public improvements that the report of such test has been

received and accepted by said board.

"Incidental and necessary expenses for the above-described investi-

gations shall be allowed and paid for as other expenses of the office of

the i)resident of the board of public improvements.

"Seo. 3. Any party having, or claiming to have, a plan or device

whereby smoke can be prevented or sup]>ressed, and desiring to have
the same subjected to a practical test and determination, may do so on

the following conditions:

" First. He or they shall notify, in writing, the president of theboard

of public improvements that such a test is desired, and with such notice

shall file a full and complete description of the device, with all neces-

sary drawings to shov/ its character, construction, and mode of opera-

tion. Accompanying such notice shall be a certificate of the city treas-

urer that there has been deposited with him to the account of the fund

for testing sinoke-prevention devices, the sum of four hundred dollars,

and said sum of four hundred dollars shall thereupon absolutely become
the property of the city of Saint IjouIs, and no claim shall hereafter be
made or allowed to refund the same or any part thereof; and upon the

presentation of the treasurer's certificate to that effect, the i^resident of

the board of public improvements shall order the commission to make
the test.

" Second. The party or parties submitting a device shall erect the
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same at siicb place as tlie commivssion may approve, at their own cost

and exi^ense, uuder tlieir own sui^ervision, with such provisions for the

attachment of instruments as the commission may require, and when
fully ready shall deliver the premises and equipment to the com-

mission.

" Third. If, after test is begun, alterations or improvements are

desired to be made, the party interested must proceed as if submitting

a new plan or device. Unless the several commissioners shall each con-

sent to such alterations, and waive all claim for compensation for a

partial test.

''Sec. 4. Whenever the mayor shallbeof the opinion that the public

interest does not warrant the further testing and reporting on devices,

under the authority of the city of Saint Louis, he shall notify the presi-

dent of the board of public improvements to that effect, in which event

the existence of the commission, hereby authorized, shall terminate

when tests already in hand shall have been completed and reported as

herein provided.

" Sec. 5. When the commission created by the preceding sections of

this ordinance shall have made its report, as provided in section one,

and shall have found that there are practicable methods of appliances

by which the emission of black or thick gray smoke may be prevented,

and such report shall have been approved, as hereinbefore provided;

and, also, Avhen an ordinance declaring the emission of black or thick

gray smoke to be a nuisance, and to provide for the suppression thereof,

shall have come into full force and effect, then the president of the board

of public improvements is hereby authorized and directed to appoint,

with the approval of the mayor, such inspectors, not exceeding three in

number, as may be necessary to carry out the j)rovisions of the follow-

ing section of this ordinance. Said inspectors shall receive a salary of

one hundred dollars a month each, x^ayable monthly.
" Sec. 6. The inspectors shall have a right to enter in the perform-

ance of their duties, at reasonable hours, upon all iDremises other than

dwelling houses occupied by less than four families or tenants. They
shall collect evidence of the facts in the cases of the violation of this

ordinance, declaring the emission of black or thick gray smoke to be a

nuisance and to provide for the sujopression thereof, and, with the

approval of the president of the board of public improvements, shall

report the same to the city attorney for prosecution. The inspectors

shall be guided in the performance of their duties by instructions given

by the board of public improvements from time to time."

These ordinances are rigidly enforced, as many as nine convictions

out of ten cases tried being obtained on one day while the writer was
in the city, and the o'.ie who escaped owed his deliverance to a serious

scalding accident which befell his engineer and delayed the reforms

upon which he was engaged.

Chicago, Illinois.—The ordinances in this city have been on the statute
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books for a number of years, but owing to their enforcement devolving

upon the health department, already crowded, they have only been par-

tially complied with. On March 1, 189-1, however, a new office of smoke
inspector was established, and Mr. F. TJ. Adams appointed to the office.

His plan of campaign, as signified to the writer, will be to first take a

police census of furnace-users in the city. After that is done, due notice

will be given to install some efficient device for suppressing the smoke
in places where such do not at present exist, and upon failure to com-
ply revoke the licenses of the engineer and fireman, besides bringing

suit against the proprietor. The ordinances provide that the emission of

dense smoke from the smokestack of any boat or locomotive or from
any chimney anywhere within the city is declared to be a public nui-

sance, but providing that chimneys of buildings used exclusively lor

private residences shall not be deemed within the provisions of the

ordinance. The penalty upon conviction is a fine of not less than $5
or more than |50, and operates against the owner or lessee of the fur-

nace and also against the fireman or engineer.

Cleveland, Ohio.—The ordinance in this city was passed on February

1, 1892, and approved by the mayor on the following day; but up to

the time of the writer's visit, in March, 1894, was practically inoperative,

on account of opposition exerted by manufacturing interests along the

river front. The ordinance provides, in addition to the supx^ression of

smoke, for the prevention of noxious gases and offensive odors from
any factory, building, or jwemises, and imposes a fine of not less than

$10 nor more than $100 for each offense. The enforcement of the ordi-

nance devolves upon the health officer of the police department.

Pittsburg., Penmylvania.—Pittsburg's ordinance applies only to the

residence portion of the city and to smoke from bituminous coal used
in connection with stationary boilers. The penalty attached is a fine of

not less than $10 nor more than $50. The chief of the board of public

works is empowered to enforce the ordinance.

Columbus, Ohio.—The ordinance in this city is of loose construction,

providing that steam-boiler furnaces shall be "so constructed or altered

or have attached thereto such sufficient smoke preventive as to produce
the most perfect combustion of fuel or other material from which smoke
results, and so as to prevent the production and emission of smoke
therefrom, so far as the same is possible.'^ It then states against whom
the ordinance operates (owner, lessee, employes, etc.), and imposes a
fine of not less than $20 nor more than $50 for the first offense, and for

each subsequent offense a fine of not less than $50 nor more than $100.

In spite of the rather loose wording of the ordinance, a general com-
pliance with its provisions is reported, and no prosecutions have been
made to enforce it.

Minneapolis, 3finnesota.—The ordinance regarding smoke in Minne-
apolis declares that the emission of dense smoke from any smokestack
or locomotive within th^ fir^ limits, as now established or may be estab-
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lished, to be a public nuisance and prohibited. Owners, lessees, engi-

neers, and the general managers, yard masters, and superintendents in

railroad employ are made jointly and severally responsible. A fine of

not more than $100 is imposed as a -penalty, with imprisonment not

exceeding ninety days until fine is paid. The commissioner of health

and the superintendent of police are empowered to enforce the ordi-

nance. This ordinance was passed on February 9, 1894, approved Feb-

ruary 16, and was to take effect June 1.

Brooldyn and Buffalo^ Weic YorJc.—The ordinances of these two cities

are nearlj^ identical, and include the removal of ashes, rubbish, the

suppression of noxious gases and offensive odors, and the prevention

of smoke. The Bai3alo enactment i)rovides for a fine of not less than

$10 nor more than $50. No special penalty is attached to the Brooklyn

ordinance, the general ones applying to public nuisances being effect-

ive. There have been no convictions in either city.

Omaha, Nebraska.—An ordinance, passed May 16 and approved May
19, 1893, declares the emission of dense smoke from smokestacks or

chimneys of buildings within the cori)orate limits of this city to be a

public nuisance, but providing that the ordinance shall not be deemed
to apply to buildings used exclusively for private residences.

The ordinance was made operative after the expiration of ninety

days and imposed a fine of not less than $5 nor more than $50 upon
conviction for the first offense, and for each subsequent offense a fine of

not less than $50 nor more than $100. The inspector of buildings is

authorized and instructed to enforce the ordinance, and, although it has

been observed to considerable extent, no vigorous attempt has been

made to enforce it becanse of the uncertainty in the minds of the city

officials as to efficacy of smoke-consuming devices.

Derive'*; Colorado.—An ordinance Avas passed in this city and approved

June 21, 1890, in which the emission of dense smoke is prohibited, but

not declared to be a pnblic nuisance. Proprietors who have installed

a device, whether it be efficient or not, are excepted under its provi-

sions, as are also buildings where boilers, whether single or in batteries,

have a capacity of 75 horse power. The ordinance was made to take

effect October 7, 1890, It is still on the statute books, but is practi-

cally a dead letter, as in testing it in the courts the city was beaten, a

consummation which, considering the language of the act, was rather

to be expected.

Boston, Massachusetts.—On May 7, 1892, an ordinance was passed by
the city council of Boston prohibiting the use of bituminous coal for

generating steam in any building unless the furnace is provided with

"some effectual device for consuming its own smoke." The effort to

enforce this ordinance was attended with some embarrassment, owing

to the general lack of knowledge on the subject and inability to select

proper methods and devices. Accordingly, a meeting of soft-coal con-

sumers was held on September 16, 1892, and a committee appointed to
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investigate the subject. The committee coiusisted of Messrs. F. A. Gil-

bert, F. S. Pearson, and Moses Williams. The first two gentlemen, in

company with the assistant inspector of bniklings, visited a number of

Western cities, and the result of their investigations is embodied in a

report submitted to the chairman of the meeting of September 10, 189li,

and by him transmitted to the mayor and city council. One immediate

effect of this investigation, which was carried on in a thorougli, sys-

tematic, and intelligent manner, was the passage of an act by the legis-

lature of the State, which is as follows:

"Section 1. In cities of over 300,000 inhabitants no person shall,

after the 1st day of July, in the year 1893, use bituminous coal for the

purpose of making steam in boilers in any building, unless the furnace

in which said coal is burned is so built, managed, arranged, or equipped

that at least 75 per cent, of the smoke from said coal is consumed or

otherwise prevented from entering the atmosphere, the degree of sup-

pression being determined by the quantity of such smoke emitted, as

shown by the density and color of the issuing smoke and the length of

time which it is visible, the maximum standard of comparison being a

continuous discharge of dense, dark smoke during the time the furnace

is in active operation.

"Sec. 2. The mayor of any city to which this act applies shall, within

one month from its passage, designate some proper person from among
the city oflicials, who shall be charged with its enforcement. And such

designation sliall thereafter be made annually in the month of January,

but shall be subject to change at any time.

"Sec. 3. Whoever violates any ijrovision of section 1 of this act shall

be punished by a fine of not less than $10 nor more than $100 for each

week during which such violation shall continue. [Ax)proved May 15,

1893.]"

Rochester, Wew Yorlc.—An ordinance was passed by the common
council of this city in 1886. There were no convictions under it, and

as no attempt has been made to enforce it its operation was suspended

in 1892. The reason assigned for the susipension was that an attem^it

to enforce it would work hardships upon manufacturers, and a disposi-

tion towards compelling compliance with its provisions had been mani-

fested by some of the city officials.

NewarJc^ New Jersey.—The health board of this city brought action

against a manufacturer some time ago for the suppression of smoke
under the general ordinance defining anything detrimental to health as

a public nuisance. The city was beaten.

Saint Paul, Minnesota.—This city has passed two or three smoke
ordinances, but the supreme court of the State has upon various grounds

declared them unauthorized and invalid, and there is not at present any
valid ordinance upon the statute books.

Other cities.—In addition to the foregoing, inquiries were addressed to

the officials of a number of other cities, most of which have no ordinances
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against smoke. Among these are Pliiladelphia, Pennsylvania; Balti-

more, Maryland; Kansas City, Missouri; Indianapolis, Indiana (uses

natural gas) ; Syracuse, New York; and Milwaukee, Wisconsin. The

city last mentioned has an ordinance applying to sparks, the principal

fuel being sawdust, chips, and shavings.

DETAILED COAIi STATISTICS BY STATES.

In the following pages a detailed statement is given of coal produc-

tion in the several States by counties, with the distribution for con-

sumption. The tables showing the production in each State and connty

in j)rcvious years have been brought forward to the close of 1893.

lu stating the amount of coal made into coke, only that portion is

included which is coked by the operators themselves. It frequently

occurs that coal is shipped to distant points and made into coke by

the purchasers. Under such conditions the amount would be included

in the shipments, and not in the amount reported as made into coke.

ALABAMA.

Total product in 1893, 5,136,935 short tons; spot value, $5,096,792.

The product of coal in Alabama during 1892 was 5,529,312 short tons,

valued at $5,788,898, indicating a decrease in 1893 of 302,377 short

tons or 7 per cent, in quantity and $692,106, or 12 per cent, in value. The

decrease was due chiefly to the shutting down of furnaces in the vicinity

of Birmingham, thus cutting off an important outlet for the mines. The

decreases were noticeable in the two largest producing counties, Jeffer-

son and Walker, the former's product decreasing 305,997 short tons,

and the latter 176,263 short tons. Bibb county shows a small increase,

while Saint Clair about trebled its output, and Shelby's product was

not quite doubled. The latter two are comparative small producers.

Two counties, De Kalb and Winston, appear as producers for the first

time, the product for the two counties aggregating 3,240 tons. The

average price per ton decreased from $1.05 to 99 cents per ton, due to

the slackened demand. The decrease in price was noted in each county.

The total number of employes increased from 10,075 in 1892 to 11,294

in 1893, but the average working time decreased from 271 to 237 days.

The following tables show the coal production of Alabama in 1892

and 1893, by counties, together with the distribution and value:
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Coal product of Alabama in 1S92, hi/ counties.

Cotinties.



242 MINERAL RESOURCES.

From the above table it is seen tliat the State has shown an increase

in production each year since 188G until 189o, when it fell off 392,377

short tons.

Distributed by counties the product of Alabama for the past five

years is shown in the following table, together with the increases or

decreases in each county during 1893 as compared with 1892.

Voal product of Alabama, by counties, since 1889,

Counties

Biblj
DeKalb
Jefferson
Saint Clair . -

Shelby
Tuscaloosa..
Walker
Winston
Small mines

.

Total.

Short
500,

tons
,525

2, 437,

40,

5,255

3, 572, 983

Short tons.

521, 811

2, 665, 060

33, 653
25, 022
65, 517

767, 346

12, 000

4,090,409

1891. 1892.

Short tons.

619, 809

2, 905, 343
66, 096

34, 130
142, 184

980, 219

12, 000

4, 759, 781

Short tons.

793, 469

3, 399, 274
24, 950
27, 968

168, 039
1, 103, C12

12, 000

5, 529, 312

Short tons.

806, 214
40

3, 093, 277
72, 000
55, 339

167, 516
927, 349

3, 200
12, 000

5, 136, 935

Increase.

12, 745
40

47, 050
27, 371

Decrease.

305, 997

523
176, 263

•7,392,377

a is' et decrease.

Goal fields of Alabama.—The coal fields of Alabama, as at present

known, are fully described in an article by Prof. Eugene A. Smith, of

the University of Alabama, in Mineral Eesources for 1892.

Bihb county.—Coal produced in 1893, 806,214 short tons; total value,

$802,487„

Bibb county ranks third in point of coal production. The output in

1893 was 12,745 short tons more than in 1892, but the value decreased

$58,022, the average price per ton declining from $1.08^ in 1892, to 99^

cents in 1893, an average net loss of 9 cents per ton.

Coal product of Bibb county, Alabama, since 1886.

Tears.

1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

199, 206
230, 000
(«)

500, 525
521, 811
619, 809
798, 469
806, 214

Value.

$604, 230
574. 419
724, 094
860, 509
802, 487

Average
price

per ton.

$1.20
1.10
1.17

1.08i

a Not published by counties.

It will be seen from the above table that the coal product of Bibb

county has increased each year since 1886. The value, however, in

comparison has shown a general decreasing tendency, the average

price in 1893 being the lowest on record.

Jefferson county.—Coal produced in 1893, 3,093,277 short tonsj total

value, $3j0i2,L'GS.
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Jefferson county is by far the most important coal-prod ncing county

in the State, contributing moie tlum GO per cent, of the total output.

The product in 1893 Avas 305,907 short tons or about 9 per cent, less

than in 1892. The value decreased $492,(557 or 14 percent. The aver-

age price per ton declined from $1.03 to 98 cents, a net loss of 5 cents

per ton. The total number of em[)loyes increased from 5,800 to 7,033,

while the avernge working time decreased from 289 days, in 1892, to

258 days, in 1893. Of the total output in 1893, 1,201,051 sliort tons,

or about 40 i)er cent, made into coke, used chiefly at the iron furnaces

at Birmingham and Bessemer. In 1892 the coal made into coke was
1,869,649 short tons, showing a decrease in the amount of coal coked,

of 667,998 sliort tons, or something more than one-third.

Coal product of Jefferson county, Alabama, since 1SS6.

Tears.
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The amount of coal produced in Shelby county in 1893 was about

double that of the j)receding year owing to the opening of a new mine.

The value, however, increased only 38 per cent, considerably less in

proportion to the increased product. The average price per ton de-

clined from $2.61 in 1892 to $1.82^. The annual output of the county

for seven years was as follows

:

Coal product of Shelly county, Alabama, for seven years.

Tears.

1886
1887
1889
1890
1891
1892
1893

Sliort tons.
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Coal product of Walker county, Alabama, for seven years.

Teara.
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The coals of Arkansas are classed as bituminous, semi-biturainous,

and serai-anthracite. The latter term is sometimes carelessly applied

to all Arkansas coals. The physical appearance of the diiierent varie-

ties is similar, which, together with the fact that they merge into each

other by insensible gradations, has rendered confusion in nomencla-

ture excusable. In appearance they are similar to soft bituminous

coals with a cuboidal fracture, and do not approach the hard, glisten-

ing anthracite with the semi-conchoidal fracture. Still, upon the basis

of fuel rates and mode of burning, there are some which deserve to be

classed as semi-anthracite. For a full description of the coals and coal

fields of Arkansas, the reader is referred to a report by Dr. J. 0. Branner,

in Mineral Kesources for 1892, page 303.

The following table exhibits the annual coal product of Arkansas by

counties since 1887

:

Coal product of Arlcansas since 1887, by counties.

CouTities.
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During tlie intervening years the output was inconsiderable and was
included in the estimated production of small mines and country banks.

Johnson county.—Coal produced in 18do, 97,733 short tons; total

value, $191,799.

The product of coal in Johnson county not only increased in 1893,

but the value was augmented to a notable degree, the average price

per ton increasing from $1.33 to $1.96. JSTo cause is assigned for

this increase in value, though it was doubtless due to the prolonged

strike in Kansas, which afforded a more lucrative market for this coal.

Coal product of Johnson county, Arkansas, since 1887.

Tears.

1887
1888
1889
1890
1891
1892
1893

Short tons.

71, 900
106, 037
105, 998
89, 000
80, 000
91, 960
97, 733

Value.

$156, 067
130, 927
112, 000
122, 486
191, 799

Average
price per

ton.

$1.48
1.47
1.40
1.33
1.96

Number of
days active.

Total
nuniber of
employ6s.

215
193
203
114

(a) 172
215
]85
210
372

a Including Pope county.

During the year the Western Coal and Mining Company purchased

the Stiewell mine at Coal Hill, formerly operated by Stiewell & Co.,

of Little Rock.

Pope county.—Coal produced in 1892, 12,250 short tons; total value,

$45,000.

Compared with 1892, the output of coal in Pope county decreased

by 5,250 short tons, or just 30 j)er cent., while the value increased

$4,500, or about 11 per cent. The coal is a semi-anthracite of excellent

quality. It is consumed principally in Little Eock and Fort Smith for

domestic purposes.

The following table gives the production of coal in Pope county
since 1887

;

Coal -product of Pope county, ArJcansas, since 1887.

Tears.
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county. The product in 1893 was 28,803 sliort tons in excess of the

previous year, but was still 2,478 tons less than the output in 1891,

when the largest yield in the history of the county was obtained. The
value of the product in 1893 was, however, larger than in any previous

year.

The average price per ton in 1893 was less than in 1892, but a little in

advance of that of 1891. There was an increase in the number of

employes in 1893 of 204 as compared with 1892, but the average working

time decreased from 190 to 164 days.

Ceal product of Sebastian county, ArJcansas, since 1887,

Tears.
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and Wales; a small amount of CumborlaTid and anthracite comes
from the East, and the remainder is made iin by coal from Japan,

Scotland, the States of Oregon and Washington, and the com-

paratively small local product.

Comxiaring the statistics of production in 1893 with 1892 it is seen

that the product decreased 12,575 short tons, the value fell off $42,156?

theaverage price per ton declined from $2.40 to $2.31, and while the aver-

age working time increased from 204 to 208 days the total number of

employees decreased from 187 to 158.

The following tables show the statistics of production during 1892

and 1893:

Coal product of California in 1892, by counties.

Counties.



250 MINERAL RESOURCES.

Amador county.—Coal produced in 1893, 22,629 short tons; total

value, $33,944.

Amador county is tlie second county in coal-producing importance,

though the product in 1892 reached only 22,629 short tons. The prod-

uct in this county has followed closely the decreasing tendency in

the State's total, the decline being very regular each year since 1889.

The coal is a lignite, containing a large percentage of moisture, but

fairly small ash. The following table shows the statistics of production

in the county since 1889

:

Coal product of Amador cotmty, California, for five years.

Tears.

1889
1890
1891
1892
1893

Short tons.

40, 900
33, 610
29, 502
25, 618

22, 629

$75, 075
55, 2;5

48, 803

38, 427
33, 944

Average
price per

ton.

$1.84
1.64
1.65
1.50
1.50

Number of
,

^Number of
days active.' employes.

291
284
284
266

Contra Costa county.—Coal produced in 1893, 36,979 short tons ; total

value, $97,161.

Contra Costa county produces about 50 per cent, of the State's total

output. In 1893 the product was 36,979 short tons, 4,461 short tons

less than in 1892. The value of the product decreased from $114,250

to $97,161. The average price per ton declined from $2.76 to $2.63.

There was a slight increase in the number of working days, from 164

to 173, but the total number of employes was reduced from 110 to 82.

The statistics of production for the past five years are shown in the

following table

:

Coal product of Conira Costa county, California, for five years.

Years.
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Coal product of Fresno county, California, since 1889.

251

Tears.

1889
1890
1891
1892
1893

Short tons.

8,100
5, 000

180

10, 7:jO

5, 960

Viiliio.

$17, 859

20, 000
:i60

39, So5
20, 8(50

Average
price per

ton.

$2.20
4. 00
2.00
3.71
3.50

NiimI)P,rof
(liiyMMutive.

312
90

297
205

Ninul)ftr of
oinpl<)y68.

Monterey county.—There is but one producing mine in Monterey

county, and it is not operated steadily tbrougliout the year. The prod-

uct in 1892 and 1893 was about the same, but the value in 1893 showed

a decrease. Following is a statement of the annual production since

1889:

Coal product of Monterey county, California, for five years.

1889
1890.
1891 ,

1892.
1893

Years. Short tons.

672
125

1,000
560
560

Value.

$3, 600
1. 000

5, 000
2,250
2,000

Average
price per

ton.

$5.36
8.00
5.00
4.02
3.57

Number of
days active.

Number of
employ6s.

San Diego and San Bernardino counties.—The combined product of

these two counties in 1893 was 0,475 short tons, valued at $13,590, In

1892, San Bernardino county produced 0,830 short tons, valued at

$14,929. No output was reported for San Diego county prior to 1893.

Coal product of San Bernardino county, California, since 1889.

Years.

1889
1890
1891
1892
1893

Short tons.

5,203
5,000
6,284
6, 830

a 6, 475

Value.

$13, 008
13, 000
14, 139

14, 929
13, 590

Average
price iier

ton.

$2.50
2.60
2.25
2.18
2.10

Number of
days active.

216
249
230
220

Number of
employes.

a Includes San Diego county.

COLORADO

Total product in 1893, 4,102,389 short tons; spot value, $5,104,602.

It is gratifying to record that notwithstanding the shock which many
of the industrialindustries of Colorado sustained by reason of legislation

adverse to her great silver interests, in addition to the widespread

business depression, her coal-mining industry not only held its own, in

amount of coal produced but tar surpassed any previous year. The total

production in 1893 exceeded that of 1892 by 591,559 short tons, or about
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17 per cent, thougii the value decreased $580,510, the average price

declining from $1.62 to $1.24.

Colorado now stands sixth in the coal-producing States, having

superseded Iowa in 1892. She is the banner coal producing- State west

of the Mississippi river, and is exceeded on the eastern side of it by-

Pennsylvania, Illinois, Ohio, West Virginia, and Alabama, in their

order. The most important increase in 1893 was in the largest produc-

ing county. Las Animas, the product in 1893 exceeding that of the

previous year by 416,269 short tons. Boulder county, the next in

importance, increased 117,657 short tons, and Pitkin county, which

produced no coal in 1892, is credited with an output of 99,211 short tons

in 1893. The principal decrease was in Garfield county, where the

product was 64,876 short tons less than in 1892. The increases and

decreases in the other counties were of minor importance.

On account of the closing down of many silver smelters in the West,

a very important market for Colorado coal was shut off, and operators

had to find another outlet for their product. Texas was already a con-

sumer of considerable importance, and the increasing demand in t?»iat

State has been fairly well maintained; but not satisfied with that,

Colorado producers have been shipping their product as far as Shreve-

port, Louisiana, coming into competition with Alabama coal, as they

were already with coal from the Indian Territory in Texas.

The coals of Colorado include lignite, bituminous, semi-bituminous,

and anthracite. The latter is mined exclusively in Gunnison county,

and the semi-bituminous product is entirely from Fremont county.

The following tables exhibit the statistics of coal x^roduction in Colo-

rado during 1892 and 1893, with the distribution of the product for

consumption:

Coal product of Colorado in 1892, iy counties.

Counties.
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Coal product of Colorado in 1893, ly counties.

Counties.

Arapahoe . .

.

Boulder
Delta
Douglas
El Paso
Fremont
Garfield
Gunnison -. .

.

Huerfano ...

Jefferson
La Plata
Las Animas.
Mesa
Montezuma .

Park
Pitkin
Routt
Weld

Total 3,345,951

Loaded
at mines
for ship-
ment.

Short
t07lS.

579, 222
200

16, 385
482, 649
208, 814
168, 097
491, 248

1,834
95, 771

, 208, 507
17, 000

38, 692
8,602

29, 000

Sold to lo-

cal trad(<

and used
hy em-
ploy6s.

Short
tons.

633

15, 565

2, 380
200
900

9,840
608

1,465
2,316

61
6,476

18,131
100
90

403
52

816
5,350

Used at
uiiiiesfor

steam
and heat.

65, 386

Made
into coke.

Short
tons.
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embraces Douglas, El Paso, Fremont, and Park counties. The southern

division contains the counties of Dolores, Huerfano, La Plata, and Las

Animas, while Delta, Garfield, Gunnison, Mesa, Montezuma, Pitkin, Rio

Blanco, and San Miguel counties lie in the western district.

The following- table shows the annual product of coal in Colorado

since 1S64, that for the years previous to 1867 being given by counties

and subsequent to 1878 by districts

:

Coal product of Colorado from 1S64 to 189S.

Years.

1864.
1865.
1866.
1867.

1868-
1869.
1870.
1871-
•!872-

1873-

1874-

1875.

1876.

1877.

1878.

1879.

1880.

1881.

1882

1883.

1884-

1885.

Localities.

Jefferson and Bonlcler connties
do
do
do
do
do ;

do
do
do

Weld county

Jefferson and Boulder counties
Weld county
Las Animas and Fremont counties.

Jefferson and Boulder coumies
Wold county
Las Animas and ITremont counties

-

Jefferson and Boulder counties
Weld county
Las Animas and Premont counties .

Jefferson and Boulder counties
Weld county - . . -

Las Animas and Fremont counties

-

Korthern division.
Central division . . -

Southern division -

Northern division.
Central division...
Southern division .

.

Northern division.
Central division...
Southern division .

Western division..
Unreported mines .

Northern division -

Central division - - -

Southern division -

Western division..
Unreported mines

-

Northern division .

Central diTision...
Southern division .

Western division.

-

Northern division ,

Central division .

.

Southern division .

,

Western division .

.

Northern division
Central division .

.

Southern divisicm
AVestern division..

Northern division .

Central division . .

.

Southern division .

Western division.

.

Product.

Short tons.
500

1,200
6,400

17, 000
10, 500
8, 000

13, 500
15, 600

14, 200
54, 340

14, 000
43, 790
12, 187

15, 000
44, 280
18, 092

23, 700

59, 860

15, 278

28, 750
68, 600
20, 316

87, 825
73, 137
39, 668

68, 540

69, 977

77, 372

98, 838

117, 666

160, 000

182, 630
70, 647
69, 455

123, 518
136, 020
126, 403
1,064

50, 000

156, 126
174, 882
269, 045
6,691

100, 000

300, 000
243, 694
474, 285
43, 500

243, 903
396,401
501, 307
87, 982

253, 282
290,188
483, 865
96. 689

242. 846
410,373
571, 684

125, 159

200, 630

322, 732

437, 005

706, 744

1, 061, 479

1, 229, 593

1, 130, 024

1,356,062



COAL. 255

Codl product of Colorado from 1864 to ISOfi—Continued.

Tears.

1886

18S7

1888

18S9

1890

1891

1892

1893
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the bituminous coals of the southern and western part of the State,

but on account of its close proximity to Denver and the excellent

railroad facilities, there is a good demand for the coal, especially for

domestic use. As will be seen from the following table, the product

has increased each year since 1886:

Coal product of Boulder county, Colorado, since 1886,

Tear.
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than that of 1891 and 1892, did not equal the output in 1890. The out-

put for the county since 188G has been as follows

:

Coalproduct of Weld county, Colorado, since 1SS6,

Toai-s.
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Coal product of Fremont county, Colorado, since 1886.

Tears.
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Coal product of La Plata coiintij, Colorado, since 1SS6.

259

Years.
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Coal product, of Garfield county, Colorado, since 1S87.

Tears.
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Coal product of PiiUin county, Colorado, since 1SS7.

261

Tears.
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direction of the bureau, and conformable to a provision in the general

mining law of the State.

The detailed particulars concerning each mine in its operation dur-

ing the year are reported to the inspectors on blanks specially prepared

by the bureau and filled in by the owners or operators of the different

mines from the records of their offices; therefore, all statements relating

to the industry comes from the highest and best authority, and forms

the ground-work for all inferences and conclusions contained in the

report.

The entire coal industry of this State for the year 1893 is compreben-

siyely presented in the following summaries of totals and averages:

. Summary of the coal industry in Illinois in 1893,

Number of conuties in "whicli coal has "been miued 56

Number of mines and openings of all kinds 788

Number of tons of coal of all grades mined 19, 949, 564

Number of tons of lump coal (2,000 pounds) 16, 112, 899

Number of tons of other grades of coal 3, 836, 665

Number of tons of nut coal included in other grades 576, 965

Number of acres worked out—estimated 3, 109. 07

Number of employes of all kinds 35, 390

Number of miners 26, 145

Number of employ68, including boys 9, 245

Number of boys over 14 years of age under ground 854

Number of employes under grovind 31, 584

Number of employes above ground 3, 806

Average number of days of active operations, shipping mines 229. 4

Aggregate home value of total product $17, 827, 595

Aggregate home value of lump coal $16, 517, 960

Aggregate home value of other grades of coal 1, 314, 635

Average value of lump coal per ton at the mines ^ $1. 025

Average value of other grades of coal per ton at the mines $0. 3427

Average price paid per ton for hand mining $0. 7145

Average price paid for hand mining—summer $0. 6739

Average price paid per ton for hand mining—winter $0. 722

Number of tons of lump coal mined by hand 8, 146, 646

Number of tons mined by hand and paid for by the day 1, 775, 21^

Number of tons mined by hand and paid gross weight 5, 961, 289

Number of mining machines in use 310

Number of tons of all grades mined by machines 4, 729, 749

Niimber of tons of lump coal mined by machines 3, 631, 029

Number of tons of other grades mined by machines 1, 098, 720

Number of kegs of powderused 353, 772

Number of men killed 69

Number of wives made widows 32

Number of children made fatherless 106

Number of men inj ured so as to lose time 403

Number of tons of coal mined for each life lost 289, 124

Number of tons of coal mined for each man injured 49, 503

Number of employ6s for each life lost 513

Number of employes for each inan inj ured 88

Number of new mines opened and old mines reopened 70

Number of mines closed or abandoned 120



COAL. 263

• The number of counties contributing- to the product in 1893 is one

more than in 1892 ; the counties in the tirst, second, and third districts

producing coal are the same as rei)orted in 1892, and for the past ten

years; the fourth district adds two, Cumberland and Jasper, but with

a very small tonnage from each ; while the fifth district drops out John-

son county. Although 56 counties are rejjorted as producing coal,

almost the entire output comes from 48 counties. In the fourth district

5 counties, Cumberland, Effingham, Jasper, Pike, and Eichland report

only 520 tons, and 3 counties in the fifth district, Franklin, Hamilton,

and Jefferson add only 454 tons ; the total product of these counties

being less than 1,000 tons, their entire omission would not materially

affect the total tonnage.

There has been a marked decrease in the number of mining places

during the past four years. In 1890 the number of mines reported in

the State was 936; this was a gain of 82 over the previous year, and the

largest number ever reported. This increase seemed to be reasonable,

as the output of coal for the year had increased over one and a quarter

million tons. In 1891 the number of mines had decreased by 18, but

the product had increased 385,971 tons. In 1892 the decrease in the

number of mines was greater than in any other year, the number being

79 less than reported for 1891, while the increase in output was 2,201,578

tons. The records for 1893 show a farther decrease in the number of

mines, being 51 less than 1892, yet the product increases 2,087,288 tons.

Notwithstanding the number of mining places this year is 148 less

than 1890, the output of coal is over four and a half million tons in

excess of that year, and seems to point conclusively to the abandon-

ment of the smaller mines as undesirable and unprofitable, and to the

concentration of the business to the larger and improved class of

plants.

The unprecedented output of the year over all previous years is prom-
inent in this report, aggregating, as it does, 19,949,564 tons of 2,000

liounds each. Of this product 16,112,899 tons were lump coal, and
3,8>!6,665 tons of other grades. Of the latter there is reported from the

first, second, fourth, and fifth districts, 576,965 tons as being nut coal;

this is nearly 18 per cent, of the other grades reported from these dis-

tricts.

The lump coal had an average value in 1893 essentially the same as

the year before, $1.03 per ton; the computation of last year having the

decimal of a cent in its favor. The price paid for hand mining is prac-

tically on a level with that of last year, being 71.45 cents, and is com-

puted on screened tons, mined exclusively by hand and paid for by the

ton. The number of tons on which this price is based is 6,061,413, or

only a little over 37 per cent, of the total tons of screened coal. The
diverse methods adopted in recent years for i)aying for mining coal has

rendered the foregoing average of little significance, as a basis on which
to estimate the earnings of miners generally.
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The number of employes in and about tlie mines exceeds that of all

previous years, and was 1,758 more tbau reported in 1892, and 2,439

more tban 189 L. To tbis can be added the record of 229.4 days of active

operations for all mines designated as shipping mines. This is a greater

number of days than has been reported for the past decade.

Mining coal by machine seems to be steadily increasing; the number
of machines reported in 1893 is 310: in 1892 the number was 300, and

the year before 241. The number of tons cut Ijy machines during the

year was 4,729,749; this is an increase over 1892 of 836,460 tons, and
1,702,444 tons more than reported for 1891.

The increase in the consumption of powder during the year has been

quite marked; a total of 353,772 kegs, of 25 pounds each, of this explo-

sive power has been used. This is 54,305 kegs more than reported for

last year, and 92,380 more than used in 1891.

The number of men killed has, unfortunately, exceeded that of any
year in the history of coal mining in the State, since the exceptional

calamities of 1883, when by two accidents 79 men lost their lives, 69

by the flooding of a mine at Braidwood, and 10 others by an explosion

in a mine at Coulterville. The number of fatal casualties reported for

the year is 69; this is 12 more than in 1892, and 9 more than given for

1891. The large increase in the tonnage and in the number of the

employes the past year would in consequence augment the number of

fatalities. However, an examination reveals the fact that while the

tonnage of 1893 has increased 12 per cent, over that of 1892, and the

number employed 5 x^er cent., the fatal casualties have increased 21 per

cent. The number of men employed to 1 man killed is 513. This is

the smallest proportion in ten years, excepting one year, 1886, wben the

number was 497. The number of tons mined to 1 life lost is 289,124;

the year before there was 1 death for every 313,373 tons, and in 1891,

1

for every 261,011 tons.

The estimated number of acres from which coal has been removed
during the year is 3,109; this is over 100 acres more than reported last

year, and 375 acres more than was worked out in 1891.

The year 1893 has been one of marked activity; all of the inspectors

report extensive and valuable improvements in the larger x^lants

throughout the State, both in buildings and machinery on the surface,

as well as the betterment of the conditions under ground. Very little

friction has arisen during the year affecting the relations between the

operators and men employed; in this regard it has been a year of com-

parative quiet, and naturally of unusual prosperity in the coal industry.

Number and rarik of mines.—Some noticeable changes are presented

in the following division and grouj^ing of mines arranged as to product

of lump tons; those of the same classes for the two previous years are

similarly placed with those of 1893:
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It will be observed tbat the number of miues comprising the class

producing 50,000 tons and over, for the years represented, has largely

increased in the past two years, and is now more than double the num-

ber reported ten years ago. In 1890 there were 82 mines in this class,

this year 120, an increase of 38; of these, 12 are mines producing over

100,000 tons. During the same time the smaller miues have decreased

in nearly like proportion, the number in 1890 being 854, and this year

668, a decrease of 186; o/ these, 113 are mines reporting an output of

less than 1,000 tons.

The development of the larger and better class of mines is made
more apparent in the following table

:

Classification of the lumi)-coal product of Illinois during 1S93.

Districts.

Mines prodiicing-

Over 10,0000
tons lump

coal.

No.
Short
tons.

From 50,000
to 100,000

tons.

No.
Short
tons.

From 10,000
to 50,OUO

tons.

No.
Short
tons.

Less than
10,000 tons.

No. Short
tons.

Total numher
of mines
and tons.

No.
Short
tons.

First ..

Second.
Third .

.

Fourth
Fifth .

.

1, 613, 701

924, 448
459, 365

2, 265, 649

748, 308

746, 284
301. 726
806, 376

1, 764, 297
1, 933, 574

456, 895
238, 436

1,288,553
395, 413

1, 299, 942

96, 264
244, 299
306, 005

83, 023
140, 341

2, 913, 144
1, 708, 909
2, 860, 299
4, 508, 382

4, 122, 165

The State. 40 6,011,471 80 5, 552, 257 3, 679, 239 522 869, 932 16,112,899

Percentage, 1893 .

Percentage, 1892 .

Percentage, 1891 .

Mines and averages, 1893.

Mines and averages, 1892.

Mines and averages, 1891.

37.3
37.6
33

10.2
8.2
6

34.5
31.8
29.6

18.5
18.4
17.9

22.8
24.3
29.1

66.2
68.8
72.8

5.4
6.3
8.3

150, 287 80
142, 077 69
137, 855 55

69, 443
67, 787
69, 745

25. 200
23, 272

23, 015

1,667
1,610
1,564

20, 448
17, 558
14, 118

Continuing the division of the mines into the two classes it is

observed that 668, or 85 per cent, of the mines whose output is less

than 50,000 tons each, contributed only 28 per cent, of the tonnage; in

1892 on the same division the percentages were 87 and 30.6 respect-

ively. Of the class of smaller mines, there are 522 or Q() per cent, of

the whole that have produced less than 10,000 tons each or only 5.4

per cent, of the total product, thus awarding to 266 mines, or 34 per

cent, of the whole, the yielding of 94.6 per cent, of the total tonnage of

the State. The conclusion to be reached from the facts set forth in

this table for 1893, viewed in connection with those of 1891-'92, j^oints

conclusively to ihe, unequaled showing of the year in these particulars.

The increase as shown by the percentages of mines and tonnage, is

with the higher grade of mines and a corresponding decrease in the

lower grades, and a like proportion is seen in the average products of

all the classes.

Extending the comparison, the following table of the two classes of

mines for seven years is presented

:
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the state, and sliow an average of a fraction less than 50,000 tons each.

A simihir table follows of the local mines, which shows relatively the

unimportance of this class of mines when compared with the former.

Here it is found that 478 mines produce on an average only 1,427 tons

each, while their aggregate product is only 3.5 per cent, of the total

output of the State

:

Statistics of production hy local mines in 1893, hy districts.

Districts.

Local mines.

Num-
ber.

Total out-
put, all

grades.

Total lump
coal.

Per cent,
of whole
number
of mines.

Percent,
of total
product.

Average
number
of tons
of lump
coal per
mine.

Average
number
of days
worked.

First
Second
Third
Fourtli
Fifth

The State

33^

197
152
45
51

Tons.
9i,023

223, 811
233. 804
62, 707

77, 537

Tons.
88, 925

223, 811
233, 804

62, 669
73, 128

46.5
87.9
64.4
43.3
33.3

2.8
11.2
6.9
1.1
1.4

2,695
1,136
1,538
1,538
1,434

186
156
156
173
171

478 691, 882 682, 337 60. 3.5 1,427

In order to show that the foregoing proportions are not remarkable,

the following similar statement is presented for the past four years:

Percentage ofproduct iy shipping and local mines for four years.

Tears.
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Annual output of Imnn coal, with gains and losses, for five years, hy districts.

Districts.
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coal would seem to indicate that there is comparatively a very small

percentage of the total output left to be classed as unsalable.

This is the third year that the inspectors have secured and reported

the total tonnage, including all grades of sizes of coal. The following

table presents the total product by districts with the percentages of

lump and other grades derived from the returns

:

Product and percentage of lump and other (/rades of coal in Illinois for three years, by
districts.

Districts.
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TLere were 21 counties in 1893 distingiiisliable for their importance

as yielding the greater proportion of coal of the State; each has con-

tributed over 200,000 tons; the combined x>roduct being 18,151,117

tons, or 91 per cent, of the total, leaving 9 per cent, distributed in the

other 35 coal-producing- counties. In 1892 20 counties were in tlie list,

and the year before 21. The following table gives these counties for

three years arranged as to output, with the number of the district in

which situated:

Counties tvhich have produced wore than 200,000 tonf< of coal, arranged in order of their

rank, for the years 1S91, 1892, and 1S93.

1
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The numher of employes.—The total number of men employed in the

labor of coal mining in the State for the year is reported as 35,390. Of

this number 31,584 are miners proper and others working underground,

engaged in the various capacities incident to dislodging and handling

the coal and sending it to the surface; 3,806 men are given as employed

above the ground. The number underground includes 854 boys over

14 years of age. This is a less number of boys than ever heretofore

reported, and is 99 less than 1892, and 141 less than reported for the

year before. The following table gives the total number of employes

in and about th.e mines, by districts and the State, for eleven years

:

Total nimiber of employes in and about the mines by districts and years.

Tears.

1883
1884
1885
1886
1887
188S
1889
1890
1891
1892
1893

Net increase.

First
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Average working time at Illinois coal mines in 189.1, 1892, and 1893,
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The following table gives the total tons of lump coal and its average

value per ton, by districts, for twelve years:

Average value of lump coal in Illinois per short ton at the mines.

Years.

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Ket decrease—cents
Per cent, decrease. -

Total tons
lump coal.

115, 653
030, 991
101, 005
791, 874
246, 435
278, 890
855, 188
597, 963
638, 364
960, 224
7.'^0, 963
112,899

a 6, 997, 246
a 76.

8

First
dis-

trict.

$1.75
1.59
1.49
1.41
1.32
1.316
1.369
1.355
1.302
1.208
1. 323
1.333

Second
dis-

trict.

$1.87
1.97
1.75
1.71
1.57
1.497
1.473
1.432
1.477
1.426
1. 432
1.455

.417
31.4

.415
28.5

Third
dis-

trict.

$1.43
1.45
1.31
1.25
1.16
1.095
1.138
1.104
1. 065
1.032
1.053
1.074

.357
33.2

Fourth
dis-

trict.

$1.33
1.32
1.09
.985
.969
.887
.947
.965
.873
.853
.836

.494
59.1

Pifth
dis-

trict.

$1.31
1.26
.961
.894
.862
.823
.857
.867
.811
.757
.817
.803

.507
C3.2

The
State.

$1.51
1.48
1.26
1.17
1.10
1.085
1.123
1.078
1,019
1.008
1.029
1.025

.485
47.8

In-
crease,
cents.

8.1

De-
crease,
cents.

7

1.5

4.5
.5.9

1.1

54 4

a Increase.

Eeviewing this compilation of values for the twelve years, it is found

that in nine of the years there has been a total decline of 54.4 cents per

ton, while in two of the years, 1888 and 1892, a total increase of 5.9

cents, leaving a net decline of 48.5 cents per ton, or 47.3 xDer cent., dur-

ing the eleven years.

The average value in 1893 is found to be $1,025 per ton. This is

the decimal of a cent less than 1892. Considered by districts, an

increase in average value is shown in the first, second, and third dis-

tricts, or northern field, where higher values have been uniformly

maintained, while in the fourth district, or middle part of the State,

the value is the same as 1892, and less than in any previous years, and

in the fifth district, or southern field, there has been a decrease of 1.4

cents from last year, which is the lowest point ever reported for the

district, excepting that in 1891, w^hen the average value was 75.7 cents.

Eeferring to the column of tons, on which the average values are

based, it is found that the volume of product has increased in the twelve

years 6,997,246 tons, or nearly 77 per cent.

The total tonnage of lump coal produced for the last five years and

its aggregate value, based on the values reported, together with the

aggregate valuation of the total product of all grades of coal mined in

the State for the past three years, is presented as follows:

Yeais.
Total product,
ilk tons, of lumx)

coal.

Average value
of lunip coal,

per ton, at the
mine.

Aggregate Aggregate
value of total

1 ^^hil oftotal

^"^SiS^^^-ductatthe
mine.

mme.

1890.
1891.
1892.
1893.

11. 597 ,.963

12, 638, 361
12, 960, 224

14, 730, 963
16, 112, 899

$1.0775
1. 0194
1. 0084
1. 0291
1.025

$12,496,885 !

12,882,930
i

13, 068, 854 $14, 237, 094
1.5,158,430 16,213,615
16, 517, 96U 17, 827, 595
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INDIANA.

Total product in 1803, 3,791,851 sliort tons; spot value, $4,055,373.

Indiana's coal product in 1803 was the largest in the history of the

industry in the 8tate. The increase in 1893 over 1892 was 446,077

short tons or 13 per cent. The value increased from $3,620,582 to

$4,055,372, a gain of $434,700, or 12 per cent. The percentage of

increase in value was one less than the percentage of increase in prod-

uct, and the average price per ton in 1893 was 1 cent less than in 1892.

There was a falling off in the average working time from 225 to 201

days, but this was compensated for in an increase in the number of

employes from 6,436 to 7,044.

The product in 1893 was from 16 counties, 1 more than in 1892,

Dubois county being again added to the list of coal producers. Clay

county is by far the most important in point of coal production, hav-

ing an outi3ut equal to nearly one-third the entire product of the State

and 2^ times the output of Parke county, the second in importance.

In the following tables will be seen the statistics of production in

Indiana during 1892 and 1893, together with the distribution of the

product for consumption.

Coal product of Indiana in 1892, hy counties.

Counties.
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Coal product of Indiana in 1893, hy counties.

Counties.
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Coal product of Indiana since 18S9, hy countiea.

[Short tons.]

Counties,
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Daviess county.—Coal produced in 1893, 319,787 sliort tons 5 total

value, 1310,692.

Daviess county advanced from eighth to fourth place in rank of

coal-producing importance during 1893. The product increased from

174,560 short tons in 1892 to 319,787 tons in 1893, a gain ot 145,227 tons,

or 83 per cent. The increase, however, was not without a sacrifice in

price, which fell off from $1.11 to 97 cents, the total increase in value

being $128,569, or 67 per cent. The total number of employes increased

from 403 to 553. The average working time was 224 days in 1 892 and
213 days in 1893.

The statistics of production in Daviess county since 1889 have been

as follows

:

Coal product of Daviess county, Indiana, for five years.

Tears.

1889
1890
1891
1892
1893

Sliort tons.

191, 585
189, 696
155, 358
174, 560
319, 787

Value.

$195, 793
197, 696
174, 701
192, 123

310, 692

Average
price per

ton.

$1.02
1.04
1.12
1.11
.97

Nrnnber
of (liiys

active.

231
217
224
213

Number of
employes.

455
280
359
403
553

Diiboia county,—Coal produced in 1893, 10,142 short tons; total value,

$13,091.

No product was reported from this county in 1892. In 1891 an out-

put of 7,700 tons was reported, against 13,994 tons in 1890 and 15,848

tons in 1889.

Fountain county.—Coal produced in 1893, 4,000 short tons, worth

$4,000,

One mine at Silverwood produced the entire output of this county.

Production has been decreasing annually since 1889. In May, 1893,

this mine was closed down, the coal having been exhausted. The fol-

lowing table shows the statistics of production in the county for the

past five years :;

Coal product of Fountain connty-,, Indiana, fomflve yiea/ra..

Tears.

1889
1890
1891
1892
1893

Sliort tons.

41, 141
24, OOOi

23, 700,

13, 888
4, ooa

Vafee.,

$53, 218
24, UOO
23, 400
12, 40O1

4, 000

Averr: r;i#

price per
tOft.

$1.29
1.00
.99
.89

1.00

Number
ot days.
active^

260
252
315
lao

Number of
employ68.

-Coal produced in 1893, 259,930 short tons; totalGreene county.-

value, $215,666.

The quantity of coal mined in Greene county in 1893 was the largest

on record, being 31,356 tons, or nearly 14 per cent, more than in 1892.
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The value of tlie proiTnct iiicroased from $191,858 to $215,GCG, a ffain of

$23,808, or 12| per cent. The following table sliows the statistics of

coal production since 1889

:

Coal product of Greene county, Indiana, for five years.

Years.
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Coal product of Perry county, Indiana, for five years.

Tears.

1889
1890
1891
1892
1893

Short tons.

40, 050
40, 201
35. 400

37, 796
30, 252

Value.

$47,175
42, 201
38, 975
32, 626

42, 758

Arerago
price per

ton.

$1.18
1.05
1.10
.80

1.13

ITiiniber
of (lays
active.

250
190

Number of
employes.

109
100
95
88
100

Pilce county.—Coal produced in 1893, 243,553 short tons; total value,

$185,482.

The returns for Pike county for 1892 were very incomplete and a

comparison for the two years is not practical. The following table

shows the total product of the county since 1889 so far as the same has

been ascertained:

Coal product of Pilce county, Indiana, for five years.

Tears.
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Coal product of Sullivan county, Indiana, for five years.

Tears. Short lona. Value.
Average
price per

ton.

Nnniber
of fhlVM
active.

Number
of meu

employed.

1889
1890
1891
1892
1893

317, 252
286, 323
181, 434
316, 893
290, 482

$299, 286
268, 525
184, 115

280, 867
254, 284

$0.94
.94

1.01
.89

181
l.'iO.i

2^2"

221i

55G
588
544

Vanderhurg county.—Coal produced in 1893, 180,053 short tons ; total

value, $200,705.

Compared with 1892, the product of coal in 1893 shows a decrease of

4,293 short tons in quantity and $1,837 in value. The coal is coivsumed

principally by the local trade of Evansville and vicinity, 121,412 short

tons, or about two-thirds of the total product in 1893 being thus dis-

posed of. The statistics of labor employed show an increase from 282

men in 1892 to 357 in 1893, but a decrease in working time from 262 to

250 days.

The following table shows the annual production of coal in Vander-

hurg county since 1889

:

Coal -product of Vanderhurg county, Indiana, for five years.

Years.
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Vigo county.—Coal produced in 1893, 350,143 short tons; total value,

$332,859.

With an increase of 43,030 short tons in the product as compared

with 1892, Yigo county advanced from fourth to third place in rank of

producing imiDortance, and though there was an actual decrease of

$18,756 in the value, it maintains a relative position in this regard.

The working time remained the same as in 1892, but there was an

increase in the number of employes from 491 to 579. The production

of the county for the past five years has been as follows

:

Coal product of Vigo couniy, Indiana, for five years.

Tears.
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Coal producA of the Indian Territory in 1891, 1803, and 1803.

285

Distribution.

Loaded at mines for shipment
Sold to local trnde and used by employes.
Used at mines for steam and heat
Made into coke

Total
Total value
Total number of employes
Average number of days worked

1891.



286 MINERAL RESOURCES.

men, but the working time had to be cut down in order to accommo-

date the supply of coal to the demand.

The following tables show the statistics of production during 1892

and 1893:

Coal product of Iowa in 1892, hy counties.

Counties.
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Total prodHciion of coal in Iowa, hy dlniricls, from 1S83 to 1S03, inclusive.

Districts.



288 MINERAL RESOURCES.

Product of coal in the second inspection district of Iowa from ISSS to 189S.

Counties. 1883. 1884. 1885. 1887.

MaTiaska . -

Keokiik . .

.

Jasper
Scott
Marshall .

.

Hardin
Muscatine

Total.

Long tons.
927, 387
500, 040
45,883
3,714

Long tons.

932, 714
430, 940
46, 336
3,821

Long tons.

762, 785
372, 816
90, 425
5,937

Long tons.

851,362
515, 304
286, 034

3,000
400

2,000
100

Long toi\s.

1, 025, 548
599, 0U7
142, 039

8,634
200
450
100

1, 477, 024 1, 413, 811 1, 231, 963 1, 688, 200 1, 775, 978

Counties. 1889. 1890. 1891. 1892. 1893.

Keoliuk ...

Jasper
Scott
Marshall .

.

Harding...
Muscatine.

Total

.

Longtons. Shorttons.
835,981 1,056,477
541 , 906
275, 179

9,080

1,000

1, 663, 206

455, 162
199, 152

9,446

Short tons.

1, 103, 831
349,318
173, 044
(a)

Short tone.

1, 231, 405
316,303
267, 202
(a)

Short tons.

1,141,131
.361,233
103, 860
(a)

Short tons.

1,419,930
152,097
162, 639
(a)

490 (a) (a) (a) (a)

1, 720, 727 (6)1,626,193 (6)1,814,910 (6)1,666,224 (6)1, 734, 666

a Included in product of small mines. b Exclusive of product of small mines.

Product of coal in the third inspection district of Iowa from 1883 to 1893.

Counties.
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Product of coal in Iowa from 1SS3 to 1893.

289

Tears.

1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Sliort tons.

4, 457, 540

4, :i70, 566

4, 012, 575

4, ;il2, 921

4, 473, 828
4, 952, 440
4, 095, 358
4,021,730
3,812,495
3, 918, 491

3, 972, 229

$5,391,
5,991,

6, 4::i8,

5,426,

4, 995.

4, 807.

5, 175,

5,110,

price per
tun.

$1.25
l..'i4

1.30
1.32
1.24
1.27
1.32
1.30

Number
of (layn

active.

Nimiber of
einplo.y68.

213
224
236
204

9,247
8, 130

8, 124

8,170
8,863

The coalfields of Iowa.—The coal fields of Iowa are fully described in

a report by Dr. Charles R. Keyes, then assistant State geologist^ in

Mineral Resources of the United States, 1892.

Appanoose county.—Goal ijroduced in 1893, 489,920 short tons; total

value, $737,919.

Thirty-seven mines contributed to the output of coal in Appanoose

county in 1893. The product exceeded that of 1892 by 77,933 short

tons, or nearly 19 per cent. The value increased $115,945, in exact

proportion to the product, the average i)rice per ton being the same in

both years.

Coal product of Appanoose county, lotva, since 1883.

Tears.
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Coal product of Boone county, Iowa, since 1883.

Tears.
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Jefferson county.—There is but one mine iu this county outside of

the country banks, and the output of this mine has been of compara-

tively little importance for several years. In 1893 the product was
only 4Si3 short tons, worth $72o, against 1,000 tons, valued at $1,400,

in 189:i.

Coal product of Jejferson county, lotva, since 1SS3,

Yeara.



292 MINERAL RESOURCES.

Coal product of Mahaska county, loiva, since 1883.

Tears.

1883
1884
1885
1886
1S87

1888

Short tons.

1, 038, 673

1, 044, 640
854, 319
953, 525

1, 148, 014

936, 299

Tears.

1889
1890
1891
1892
1893

Short tons.

1, 056, 477
1, 1U3, 831
1, 231, 405
1,141,131
1, 419, 930

Marion county.—Mq^yiovl county produced 111,145 short tons of coal

in 1893, valued at $131,304, being a decrease as compared with 1892 of

23,255 tons and $23,155.

Coal product of Marion county, Iowa, since ISSS.

Tears.

1883
1884
1885
1886
1887

Short tons.

101, 903
108, 735
112,012
158,697
238,218
258, 330

Tears.

1889
1890
1891
1892
1893

Short tons.

145, 180
153, 506
165, 867

134, 400

111, 145

Monroe county.—Monroe county is the second county in the State in

the production of coal. Its product in 1893 was 570,905 short tons, val-

ued at $638,085, against 507,106 short tons, valued at $639,731 in 1892.

The average price per ton dechned from $1.26 in 1892, to $1.12 in 1893.

The number of men employed in 1893 was 1,103, averaging 214 days,

against 1,112 men for 23i days.

Coal product of Monroe county, Iowa, since 1883.

Tears.

1883
1884
1885
1886
1887

Short tons.

104, 647
110, 238
113, 099
131, 824
207, 526
261, 964

Tears.

1889
1890
1891
1892
1893

Short tons.

258, 401
324, 031
393, 227
507, 106

570, 905

Polk county.—Coal produced in 1893, 271,731 short tons; total value,

$468,933. Compared with the preceding year the product in 1893 shows

a decrease of 116,859 short tons, with a loss in value of $139,935. With

the exception of 1889 and 1892the product of Polk county has decreased

annually since 1884.

Coal product of Polk county, Iowa, since ISSS.

Tears.

1883
1881
1885
1886
1887
1888

Short tons.

625, 880
695, 312
518, 442
378, 520
341, 605
333, 749

Tears.

1889
1890
1891
1892
1893

Short tons.

434, 047
367, 852
309, 467
388, 590
271,731
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Taylor county.—The coal product in 1893 was 10,990 sliort tons; value,

$22,279. Decrease as compared with 1892, 4,214 short tons and $8,129.
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Wayne couniy.—The production increased slightly from 62,078 tons

in 1892 to 65,436 tons in 1893. There was a slight decline in the price

from $1.49 to $1.47. The number of employes increased from 140 to

155, which was offset by a decrease in the average number of working

days from 232 to 205.

Coal product of Wayne county, Iowa, since 1SS3.

Tears.
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comity decreased from 3,004 tons to 1,720 tons, a loss of something over

50 i)er cent. A small in(;reaso from 11,150 tons to 11,708 tons occurred

Ti Fi anklin county, and. from 43,913 tons to 40,404 tons in Linn county.

The product of Labette county is an unimportant factor, being about

800 tons annually in the past three years, and is mined only for a small

local trade.

Comparing the statistics of labor employed in 1893 with 1892, it is

shown that the average working time decreased from 208J days to 147

days. There was an increase in the total number of employes from

0,559 to 7,310. This increase in number of employes was due to the

importation of miners from other States to take the places of the

strikers, and upon the termination of the strike a larger force than

usual was kept upon the rolls of the mining companies in order to suj)-

ply the market, which had run short during the time the strike was in

force.

In the following tables the production of coal in Kansas during 1892

and 1893 is shown by counties, together with the distribution of the

product for consumption

:

Coal product of Kansas in 1S92, hy counties.

Counties.
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The following table shows in condensed form the statistics of coal

production in Kansas since 1880. It will be noted that the first decrease

in the amount of coal produced as compared with former years occurred

in 1893.

Coal product of Kansas for fourteen years.

Tears.
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Coal iiroduct of Clierolcee convly, Kansas, since 1SS5.

Tears.
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Labette county.—The only coal mined in Labette county is to supply

tlie local trade at Oswego. The product is reported at 800 tons for the

past three years, and sold for $2.50 per ton.

Leavenworth county.—Coal produced in 1893, 309,237 short tons; total

value, $477,914.

Leavenworth county did not suffer as seriously from the strike as

did the other large producing counties. Four of the live producing

mines were affected, but the loss sustained by them was made up in

part by increased production at the mines owned by the State and

operated by the convicts in the State prison at Lansing. The annual

output of the county since 1885 has been as follows:

Coal product of Leavemvoi'th county, Kansas, since 1885

Tears.
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Coal product of Osage county, Kansas,
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position. Boyd comity ranks sixth, and was nearly tied by Knox county,

which replaced Carter county as the seventh in importance. Union
county also surpassed Carter county, and Henderson county follows

closely.

A comprehensive description of the coal fields of Kentucky, by Prof.

John K. Procter, will be found in "Mineral Eesources" for 1892.

The statistics of production by counties during 1892 and 1893 are

shown in the following tables

:

Coal product of Kenfuclcy in 1892, hy counties.

Counties.
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The following- table exhibits the annual product of the State since

1873.
Auiiiial coal product of Kentucky since 1873.

YoaM.

1873
1874
1875
1876
1877
1878
3879
1880
1881
1S,'^2

1883

Short tons.

300,

360,

500,

650,

850,

900,

1, 000,

1, 000,

1,100,

1, 300,

1, 050,

Tears.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

,550, 000
600, 000
550, orio

933, 185
570, 000
390, 755
701,496
916, 069
025,313
007, 179

Bell county.—Bell county's product in 1893 amounted to 43,671 short

tons, valued at $38,006, against 7,971 short tons in 1892, valued at

$11,957. Most of the product is consumed in the manufacture of coke,

24,599 tons being so used in 1893.

Boyd county—Coal produced in 1893, 162,706 short tonsj total value,

$134,144.

Boyd county's product is consumed principally by manufacturing
establishments at Ashland. During 1893 many of these were closed

for part of the year and the output of coal was reduced accordingly.

Since 1887 the production has been as follows

:

Coal product of Boyd county, Eeniuchy, since 1S87.

Years.
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Coal ijroduct of Carter county, Kentucky, since 1SS7.

Years.
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Hancoclc county.—Tlie product of Hancock comity, with tlie exce])tion

of a small amount of bituminous coal from country banks, is cannel,

and amounted in 1893 to 5.000 short tons, valued at $12,500, against

13,393 short tons, worth $33,483, in 1892.

Henderson county.— Coal produced in 1803, 103,039 short tons, valued

at $87,594.

The product of Henderson county in 1893 was 22,978 tons more than

in 1802, the value increasing $18,190. The annual i)roduction since

1887 has been as follows:

Coal product of Henderson couniy, KentucTci/, since 1887.

Tears.
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reported in 1803 from Lawrence county. The opening is near the

boundary line between the two counties.

Coal product of Johnson county, Kentucly, since 1889.

Years.

1889.
1890.
1891.
1892,
1893

Short tons

(a) 32, 347
21 222
2l' 522
24, 543
6,205

Value.

$54, 178
45. 2.34

49, 250
58, 095

16, 357

Average Number
price per of rlays

ton. active.
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employes increased from 325 to 380, but a decrease is noted in the

average number of working days from 295 to 244.

Coal product of Laxorence eounti] , Kentucki/, .tince 1SS7.

tears.
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Pulaski county.—Two mines produced coal in Pulaski county in 1893

and only one in 1892. The product increased from 10,990 short tons,

valued at $13,188, in 1892, to 52,897 short tons, worth $56,292.

Rock Castle county.—The product of Eock Castle county is from one

mine and amounted to 9,010 short tons in 1893, valued at $9,032, against

9,774 short tons, valued at $10,556, in 1892.

Union county.—Goal produced in 1893, 158,194 short tons ; total value,

$150,835.

The amount of coal produced in Union county has increased annually

since 1887. The product in 1893 was 30,'969 short tons more than in

1892, while the value increased $22,590. The average price declined 6

cents per ton, from $1.01 to 95 cents.

Coal product of Union county, Kentuclcy, since 1887.

Tears

:

Short tons.
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Tlie product in 1893 was 2,9G7 tons less than in 1892, and tlic value

$10,019 less.

The following table shows the annual production of the county since

1887:

Coalproduct of Whitley county, Kentucky, since 1S87.

Years.
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Frank J. McMalion, State Mine Inspector, gives the product at 3,327,-

749 long tons. The returnstothe survey show a total of3,317,983 long

tons. The differences are so small that they are not worth mentioning.

The following table shows the statistics of production in Maryland
since 18S9. The figures are reduced to short tons for the sake of

uniformity throughout the report.

Coal product of Maryland since 1889.

Tears.
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Sliipmenia of coal from Maryland minesfrom ISSS to 1SD5.

[Long tons.]

309

Comp;ifiio9.

Consolidation Coal Co
New Central Coal Co
Georges Creek Coal and Iron Co
Maryland Union Coal Co
Borden Mining Co
Maryland Coal Co
American Coal Co
Potomac Coal Co
Hampshire and Baltinioi-o Coal Co . .

.

Atlantic and Georges Creek Coal Co.
(Pekin mine)

Swanton Mining Co
BliBn Avon Coal Co
Piedmont Coal and Iron Co
Union Mining Co
National Coal Co
Davis and Elkins mine
James Ryan
George M. Hansel

Total.

1883.

456, 238
210, 850
257, 490
137, 105
151, 065
235,854
190, 055
139, 723

194, 534

69, 000
34, 905
84, 721
4,619
5,024

38, 998

2, 210, 781

1884.

089, 212
210,140
260, 042
117,180
162, 0.57

295, 736
194, 330
169,463
36,416

75, 467
28, 620

100, 961

1,250
5,310

42, 680

74, 437

2, 469, 301

1885.

710, 064
203, 814
2.57, 343

98, 095
179, 537
365, 319
220, 339
196, 280

64, 938
52, 862
69, 192

32
5,641

48, 307

58, 002

2, 529, 765

675, 652
149,561
265, 942
116, 771
137, 747
288, 742
211,305
156,757

7, 321

42, 088
65, 830
1,678
6,824

62, 637

58, 382

2, 247, 837

1887.

936, 799
181,906
394, 012
148, 523
192. 636
316, 518
259. 632
209, 793

61, 010

11, 934

7,500
117, 775
82, 667

3, 608

1,989

2, 926, 903

Companies. 1888. 1889. 1890. 1891. 1892. 1893.

Consolidation Coal Co
New Central Coal Co
Georges Creek Coal ami Iron Co
Maryland Union Coal Co
Borden Mining Co
Maryland Coal Co
American Coal Co
Potomac Coal Co
Atlantic and Georges Creek Coal Co.
(Pekin mine)

Swanton Mining Co
Blaen Avon Coal Co
Union Mining Co
National Coal Co
Davis and Elkins mine
James Ryan
George M. Hansel
Barton and Georges Creek Valley Co.
Enterprise mine
Erauklin Consolidated Coal Co
Big Vein Coal Co
Piedmont-Cumberland Coal Co
Anthony Mining Co

1,023,348
169, 484
437, 992
106, 620
212, 520
340, 866
287, 058
208, 777

6,375
58, 383

871, 463
118, 885
311,258

956, 031
218, 169
351,310

910, 977
206, 813
356, 927

912, 787
201, 428
297, 632

907, 559
223, 504
345, 791

206, 549
268, 438
297, 537
205, 212

3, 884
40, 748

290, 055
366, 839
386, 731
217, 232

752
41,401

300, 268
406, 464
449, 631
184, 706

253, 629
280, 946
384, 681

137, 738

367, 725
356, 820
443, 963

121, 258

6,396
70, 592
98, 443

3,734
72, 571

18, 089

17, 933
60, 206

33, 029

179, 232

5,162

176,' 996 205, 210

3,559
69, 857

399

113
123, 429

288
71, 837
21,310
2,493

Total

.

3, 106, 670 2, 637, 838

175, 838
11

66, 644
52, 917
29, 003

115

3, 231, 187

201, 124 201, 365 193, 545

76, 593
62, 832
42, 439
9,725

3, 420, 760

72, 117
66, 683
14, 564
10, 665

3, 016, 393

57, 598
63, 940
17, 869
11, 228

3, 316, 010
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Total sliipments from the Cumberland coal field in

Years.

1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1850
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869

1870
,

1871 ,

1872
1873
1874 ,

1875
,

1876
1877 ,

1878
,

1879
1880
1881 ,

1882
1883
1884
1885
1886
1887
1888
1889 ,

1890 ,

1891
1892 ,

1893 ,

Total

Frostburg reffion.

Cumberland and Pennsylvania railroad.

a o

Long
tons.

757
3,661
5,156

13, 738
11, 240
20, 615
36, 571
63, 676
73, 783
70, 893

128, 554
150, 381
148, 953
93, 69]

86, 994
80, 743
48,018
48,415
70, 669

23, 878
71, 745
117,796
287, 126
•184, 297
592, 938
623, 081
659,115

1, 016, 777

909, 511
1,247,279
1,283,956
1,509,570
1, 295, 804
1,095,880

939, 262

755, 278
823, 801
933, 240

1, 055, 491
1,113,263

576, 701
851, 985

1,193,780
1,091,904
1, 131, 949
1, 584, 114
1,660,406
1, 430, 381
1, 511, 418
1, 628, 574
1, 426, 994
1, 332, 634

a ci

Long
tonx.

3,167
51, 438
46, 357
84, 060
63, 731
77, 095

80, 387
55, 174

166, 712
211,639
232, 278
68, 303
75, 206

173, 269
194, 120
285, 295
291,019
385, 249
424, 406
573, 243

520, 196
656, 085
612, 537
641, 220
631, 882
715, 673
443, 435
473, 646
486, 038
397, 009
471, i

270, 156
115, 344
302, 678
150, 471
171,460
115,53]
132, 177

155, 216
26, 886

9,070
93, 705

135, 409

33,314,636 11,269,772 3,892,026 48,476,434

cS

Long
tons.

22,021
114, 589

67, 671
160, 213
131, 866
170, 884
145, 864
154, 264

213, 446
153, 501
91, 574

217, 065
199, 138
206, 227
141, 520
176, 241
193, 046
177, 152
291, 704
289, 232
214,011
360, 807

Jjong
tons.

757
3,061
5,156

13, 738
11, 240
20, 615
36, 571
63, 676
76, 950

122,331
174, 891
234, 441
212, 684
170, 786
167, 381
135, 917
214, 730
260, 054
302, 947
92, 181

146, 951
291, 065
481, 246
669, 592
883, 957

, 008, 280

, 083, 521

, 590, 020

Cumberland Coal and Iron
Company's railroad.

1, 429, 707
1,903,364
1,918,514
2, 265, 379
1,995,357
I, 971, 766

1, 514, 563
1, 399, 808
1,455,703
1, 484, 513
1, 740, 737
1, 536, 920

783, 619
1, 371, 728

1, 543, 389
1, 469, 591

1, 389, 000

1, 892, 532

2, 208, 668

1, 634, 419

1, 803, 122
1, 926, 876
1,734,710
1, 828, 850

Long
tons.

951
6,421
9,734

10, 915
18, 555
32, 325
43, 000
78, 773

119, 023
103, 80S
139, 925
155, 278
173, 580
97, 710

121, 945
88, 573
66, 009

72, 423
80, 500
25, 983
41, 096

111, 087
67, 676

104, 651
52,251
40, 106

100, 345
130, 017

2, 092, 660

P-.2

So
^-,

Long
tons.

875
31, 540
19, 362
70, 535
92, 114

100, 691
105, 149
54, 000
87, 539
86, 203
63, 600
29, 296
23, 478
43, 523
64, 520
57, 907
52, 159
72, 904
57,919
78, 908

1, 192, 224

fjong
tons.

951

0, 421
9, 734

10,915
18,555
32, 325
43, 000
78, 773

110, 898
135, 348
159, 287
225, 813
265, 694
198, 401
227, 094
142, 573
153, 548
158, 626
144, 100
55, 279
64, 574

154,610
132, 198
162, 558
104, 410
113,010
158, 264
208, 925

3, 284, 884

Cumberland Sranch.

114, 404
69, 864
26, 586
89, 765

113, 670
52, 505
15,285
63, 181
99, 455

141, 907
197, 525
271, 570
199, 183
197, 235
299, 884
289, 407
243, 321
332, 798
374, 888
368, 497
522, 334
463, 142
349, 207
341, 321

5, 220, 934

83, 941
194, 254
203, 666
137, 582
135, 182
164. 165
189, 005
1}1,350
123. 166
104, 238
131,325
151, 526
76, 140

141, 390
124, 718
117,829
113,791
125, 305
95, 191

26, 407

39, 294
170, 116
201, 947

2, 961, 428

198, 345
264.118
230, 252
227, 347
248, 852
216, 670
204, 290
174, 531
222, 621
246, 145
328, 850
423, 096
275, 323
338, 625
414, 602
407, 236
357, 112
458, 103
470, 079
394, 904
522, 334
502, 436
519,323
543, 268

, 188, 362
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Maryland and West Virginia from 1S42 to 1893.

Frostbui-y region.

Georges Creelc and Cuml)erlaii(l
railroad.

Long
tons.

83, 136
78, 298

215, 767

69, 765

79, 455
53, 480
4,863

112

Long
tons.

125, 097
93, 861

202, 223
156, 959
214, 518
98, 371

153, 230
286, 787
365, 029
677, 593
763, 845
568, 003
741, 954

Long
tons.

4,

31,

77,

283,

291,

348,

418,

341,

243,

228,

229,

236,

201,

Long
tons.

213, 180
203, 595
495. 819
510, 060
585, 658
500, 047
576, 150
627, 923
608.516
905, 731
993, 111

804, 317
943, 892

Piedmont region.

5a§

Long
tons.

73, 725
181,303
227, 245
269, 210
252, 368
218, 318
257, 740
289, 298
85, 554
69, 482

266, 430

a "'P

Long
tons.

2, 190, 673

Empire and
West Vir-

ginia mines.
28, 035

81, 218
85, 441
77, 582
57, 492
63, 537

108, 723

66, 573

88, 722
277, 929
338, 001

466, 928
403, 489
346, 308

449, Oil

564, 397
576, 047
774, 904
959, 673
971,214

1, 031, 797

65, 570

42, 765
51, 628
63, 060
47, 934

52, 564
36, 660
36, 627
36, 240

44, 552
71, 345
90, 964
72, 532
88, 658

83, 724

60, 988
96, 453

121, 364
103, 793
109,194
90, 81)0

7,505

Total.

« PI

Bii

Long
tons.

1,708
10, 082
14, 890
24, 6.53

29, 795
52, 940
79, 571

142, 449
192, 806

174, 701
208, 459
376, 219
503, 836
478, 486
502, 330
465, 912
395, 405
426, 512
493, 031
172, 075
218, 950

531, 553

399, 354

560, 293
736, 153

735, 609
848, 118

1, 230, 518

1, 112, 938
1,494,814
1,517,347
1, 780, 710

1, 576, 160
1, 302, 237

1,070,775
818, 450
924, 254

1, 075, 198

1, 319, 589
1, 478, 502

1, 085, 249
1, 444, 766
2,233,928
2, 076, 485
2, 069, 774
2, 724, 347

2, 669, 216
2, 357, 585
2, 723, 341
2, 8.55, 225
2, 557, 177

a 2, 423, 159

Long
tons.

4,042
82, 978
65, 719

157, 760
155, 845

183, 786
204, 120
116, 574
254, 251

297, 842
295, 878
97, 599
98, 684

216, 792
258, 642
343, 202
343, 178
458, 153
482, 325
652, 151

604, 137
850, 339
816, 103
778. 802
767, 064
879, 838
632. 440
584, 996
609, 204
501, 247
603, 125
504, 818
269, 782
680, 119
344, 954
368, 744
282, 802
262, 345
286, 700

57, 459

51, 121
266, 901
338, 107

Long
tons.

22, 021
114, 589
67, 671

160, 698
131, 866
170, 884
145, 864
154,264
213, 446
278, 598
185, 435
419, 288
356, 097
420, 745
239, 891
389, 104
715, 151
798, 842

1, 282, 748

1, 474, 087

1, 205, 486
1,586,541

Long
tons.

1,708
10, 082
14,890
24, 653

29, 795
52.910
79, 571
142,449
196, 848
257, 679
334, 178
533, 979
659, 681
662, 272
706, 450
582, 486
649, 656
724, 354
788, 909
269, 674
317, 634
748,345
657, 996
903, 495

1, 079, 331
1, 193, 822

1, 330, 443
1, 882, 669

1, 717, 075
2, 345, 153

2, 355, 471
2, 674, 101
2, 410, 895

2, 342, 773

1, 835, 081
1, 574, 339

1, 079, 322

1, 730, 709

2, 136, 160

2, 261, 918
1, 540, 466

2, 544, 173
2, 934, 979
2, 865, 974

2, 592, 467

3, 375, 796
3, 671, 067

3, 213, 886

4, 006, 091

4, 380, 433

4, 029, 564

4, 347, 807

584, 876 4, 447, 470 2, 935, 653 7, 967, 999 7, 717, 021 1, 475, 969 52, 759, 368 16, 110, 668 10, 533, 316 79, 403, 352

a Includes 108,331 tons used on line of Cumberland and Pennsylvania railroad and its branches, and
at Cumberland and Piedmont; also 327,031 tons used by the Baltimore and Ohio railroad in locomo-
tives, rolling mills, etc.
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MICHIGAN.

Total product in 1893, 45,979 short tons; spot value, $82,462.

The product of coal in Michigan during 1893 was 32,011 short tons

less than in 1892, the value decreasing $38,852. The coal fields of

Michigan are not favorable to economic mining. The seams are inter-

stratified with beds of shale, sandstone, and clay. It is only in a few

places that a seam of workable thickness exists. In fact there is, so

far as known, only one seam that is of workable thickness, ranging

from a few inches to 4 feet. Some mining is carried on at Jackson,

in Jackson county, and at Grand Ledge, in Clinton county, principally

to supply the local trade at those iDoints, Owing to the relative high

cost of mining as compared with regions where more favorable condi-

tions exist, the market is restricted to local demand. The production

for 1892 and 1893 was as follows

:

Coal product of Michigan in 1892 and 1893,

Tears.
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coal for the State was the same as in 1892, altliougli it varied consider-

ably in individual instances and in the county averages.

•The coal mining industry of Missouri was only slightly disturbed

during the year, except by the general financial depression, which in

addition to mild winter weather, caused the decrease in production.

It will be observed that there was a considerable increase in the num-

ber of employes from 5,893 to 7,375, while the number of working days

decreased. This condition was probably due to the same cause as

affected the industry in Iowa—the influx of miners from Kansas,

thrown out of employment in that State, augmenting the supply of

labor and decreasing the number of working days.

An attempt was made to organize a general strike throughout the

State in sympathy with the one in Kansas. It was not successful.

The men were ordered out on August 7, but they refused to obey the

order, except in one or two mines of lesser importance in Bates and
Vernon counties, and before the close of the month the strike was
declared off. The men in Missouri had no grievance of their own, and
very wisely refrained from striking. The places of the men who went
out in Bates and Yernon counties were filled by others, so that the

mine-owners suffered comparatively little inconvenience.

The coal fields of Missouri were fully described in a paper by Prof.

Arthur Winslow, then State Geologist, in " Mineral Eesources " for

1892.

Produotion hy counties.—The followiug tables show the statistics of

production of coal in Missouri, by counties, in 1892 and 1893

:

Coal product of Missouri in 1S92, hy counties.

Counties.
Loaded at
mineo for
shipment.

Sold to
local

trade and
used by

employ65.

Used at
mines for
steam and

heat.

Total
product.

Total
value.

Aver-
age

price
per
ton.

Aver-
age
num-
ber of
days

active.

Total
number
of em-
ploy6s.

Adair
Audrain
Bates
Barton
Boone
Caldwell
CaUaway
Cooper
Grundy
Hienry
Johnson
Lafayette
Linn
Macon
Montgomery
Morgan
Putnam
Randolph
Ray...
Samt Clair .

.

Vernon
Smallmines.

Short tons.

11, 000
10, 040

561, 660
49, 667
10, 622
22, 560
1,600
1,278

200
79, 626
4,660

305, 655
36, 968

657, 776
356

131, 560
143, 010
220, 044

6,000
145, 323

Short tons.

38
12, 748
3,510

204
5,014
6,471

20, 002
282

25, 275
9,638
1,020

16, 613
3,648
2,900

15, 971
40

1, 058
4.355

11, 163
500

2,364
150, 000

Short tons.
100
224

7,560

1,775
108
160

1,825
505

2,580
6

7,470
362

8

3,840
2,243
4,091

7,383

Short tons.

11, 138
23,012

572, 730
50, 561
15, 636
30, 806
21,710
1,720

27, 300
89, 769
5,680

324, 848
40, 622

668, 146

16, 689
48

137. 058
149, 6U8
235, 298

6,500
155, 070
150, 000

$19, 491
34, 518

574, 622
64, 989
23, 956
67, 789
33, 831
3,440

55, 965
126, 393
8,912

520, 389

63, 528
694, 381
22, 750

120
187, 184
160, 748
363, 303

9,750
158, 600
175, 00

$1.75
1.50
1.00
1.29
1.53
2.20
1,56
2.00
2.05
1.41
1.57
1.60
1.56
1.04
1.36
2.50
1.37
1.07
1.54
1.50
1.02
1.17

300
224
207
179
273
244
243
150
275
219
142
233
249
252
195
15

241
227
206
250
166

40
60
663
149
38

158
97
6

140
246
25

949
135

1,489
40
2

393
371
694
12

186

Total. 2, 399, 605 293, 414 40, 930 2, 733, 949 3, 369, 659 1.23 230 5,893
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Coal product of Missouri in 1893, hy counties.

Counties.

Loaded at
miues

for ship
ment.

Sold to
local

trade and
nsed by
employ68.

Used at
mines for
steam and

heat,

Made into
coke.

Total
product.

Total
value.

Aver-
an-e

Aver-
age Total

number
of em-
ployes.

Adair
Audrain
Barton
Bates ,

Boone
Caldwell
Callaway
Clay
Cooper
Grundy
Henry
Jasper
Johnson
Lafayette
Linn
Macon
Moniteau
Montgomery

.

Morgan
Putnam
Randolph
Kay
Saint Clair . .

.

Vernon
Small mines.

.

Total.

Short
20,

9,

41,

396,

9,

14,

1,

11,

1,

91,

tons
358
297
600
476
000
325
000
523
461
403
700

10,

321,

80.

664,

Shorttong
192
739
300
893
550
078
240
315
91

230
709
604
797
550
039
621
450
000

27,'

3,

23,:

35
7,'

13, i

12, (

12, (

Short tons
343
950
460

4,450
100
699
26

New.

New.

New.

Short tons
20, 893
37, 986
42, 360

409, 819
11, 650

18, 102
24, 266
12, 724
1,632

37, 633
100,415

604
11, 009

339, 668

93, 207
688, 479

520
12,000

$31, 180

53, 028
47, 530

414, 806
18, 925
35. 849
37,333
20, 996
3, 264

77, 148
145,754
1,098

15, 872
516, 573
151, 442
728, 900

1,000
16, 200

$1.49
1.40
1.12
1.01
1.62
L98
1.54
1.65
2.00
2.05
1.45
1.82
1.44
1.52
1.62
1.06
1.96
1.35

134, 267
209, 808

212, 559
336

294, 501

1,581
2,942
6,390

3,734
1,740
1,469

4,443
150, 000

139, 582
214, 490
220, 418

336
309, 649
150, 000

189, 273
236, 571
333,563

525
310, 928
175, 000

1.36
1.10
1.51
1.56
LOl

2, 525, 227 322, 754 49, 461 2,897,442 8,562,757 L23

188
184
116
162
203
223
218
240
204
300
225
60

285
226
233
232
125
200

236
191
196
150
126

206

81
101
207
771
32
74
127
55
5

130
279

7
26

1,148
290

1,833
3

48

460
523
636

2
537

7,375

Coal product of Missouri since 1889, hy counties.

Counties. 1889. 1890. 1891. 1892.
Increase
in 1893.

Decrease
in 1893.

Adair
Aadrain.
Barton...

Boone
CaldweU
Callaway
Clay
Cooper
Grundy
Henry
Jasper
Johnson
Lafayette
Linn ,

Mason
Moniteau
Montgomery ,

Morgan
Putnam
Randolph
Kay
St. Clair
Vernon
Other counties and
small mines

Short tons.

18, 592
26, 194
61, 167

755, 989
31, 405
13, 594
16, 053

Short tons.

16, 000
20, 261
28, 500

751,702
17, 000
21, 599
5,331

Short tons.

10, 940
8,772

85, 002
628, 580
16, 340
61, 065
22, 458

Short tons.

11, 138
23, 012
50, 561

572, 730
15, 636
30, 806
21, 710

996
23, 401

180, 118
720

12, 841
348, 670

6,992
446, 396

24, 000
109, 768

30, 000
102, 866

5,950
347, 688

1, 300
540, 061

4,500
277, 393
26, 994

592, 105

12, 300
2,000

83, 774
221, 463
220, 530
6,880

39, 420

28, 328

13, 584
650

108, 514
269, 372
278, 118

5,050
13, 385

157, 388

16, 129
220

122, 666
274, 520
213, 539
2,500

48, 017

140, 000

1,720
27, 300
89, 769

5,680
324, 848
40, 622

668, 146

16, 689
48

137, 058
149, 608
235, 298

6,500
155, 070

150, 000

Short tons.

20, 893
37, 986
42, 36C

409, 819
11, 650
18, 102
24, 266
12, 724
1,632

37, 633

100, 415
604

11, 009
339, 668
93, 207

688, 479
520

12, 000

Short tons.

9,755
14, 974

139, 582
214, 490
220, 418

336
309, 649

150, 000

2,556
12, 724

10, 333

10, 646
604

5,329
14, 820

52, 585
20, 333

520

2, 524
64, 882

154, 579

Short tons.

Total 2,557,823 2,735,221 2,674,606 2,773,949 2,897,442 163,493

8,201
162, 911

3,986
12, 704

4,689
48

14, 880
6,164

Adair county.—Coal produced in 1893, 20,983 short tons ; value,$31,180.

The product of Adair county in 1893 was 9,755 short tons more than

in 1892, while the value increased $11,689.
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Coal prodHct of Adair county, Missouri, since 1SS9.

Years.
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Coal product of Bates county, Missouri, since 1887.

Tears.
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Coal product of Callaway county, Missouri, since 1SS9.

Tears.
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Johnson county.—The product increased from 5,680 tons, valued at

18,912 to 11,009 short tons, valued at $15,872.

Lafayette county.—Coal produced in 1893, 339,668 short tons; value,

$516,573. Lafayette county is the third in the State in importance of

coal production. The product in 1893 was 14,820 tons more than that

of 1892, while the value decreased $3,816. The shrinkage in value is

attributed to overproduction, hard times, and excessive competition.
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Moniteau eounty.—A product of 520 short toDS, valued at $1,000,

is reported from Monite.au county in 1893. This is the first product

reported. The coal is of the caunel variety, and consumed principally

by the local trade at Versailles.

Montgomery county.—A product of 12,000 tons, valued at $16,200, in

1893 was obtained from one mine, against 16,089 short tons, valued at

$22,750. The coal is used for railroad locomotives.

Coal product of Montgomery county, Missouri, since 1889.

Tears.
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Ray county.—Coal j)roduced in 1893, 220,418 short tons ; valued at

$333,563.

The product in 1893 was 14,880 tons less than in 1892, the value

declining $29,740. The price fell off from $1.54 per ton to $1.51 per

ton.

Coal product of Bay county, Missouri, since 1887.

Tears.



COAL. 321

1892 to $1.99 in 1893, so tliat, altlioiigli the amount of coal produced
increased 327,061 tons, or about 58 per cent., the value increased only

33 per cent.

In the following tables are shown the statistics of production in the

State, by counties, for 1892 and 1893:

Coal product ofMontana in 1892^ by counties.

Counties.



322 MINERAL RESOURCES.

Cascade county.—Goal produced in 1893, 516,460 short tons; spot

value, $906,640.

The product of Cascade county in 1893 exceeded that of 1892 by
274,340 short tons or 113 per cent. The large increase is due to the

more extended development of the Sand Coulee mines operated by the

Great IsTorthern Railroad Company. The mines have been equipj)ed

with Harrison mining machines, and have at present a daily capacity

of over 2,000 tons. By reason of the increased capacity of these

mines the cost of mining was reduced and in consequence the price to

the consumer was also reduced, the average for the year being 1.76

cents agaiuvSt $2 in 1892. The total product of Cascade in 1893 was
within 10 per cent, of the total output of the State in 1892.

Coal product of Cascade county , Montana, since 18S9,

Tears.

1889
1890
1891
1892
1893

Short tons.
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Fergus county.—The product of Ferg:u.s county is lij^nite and is used by

the citizens of Lewiston for domestic purposes. The output is small,

being 200 tons in 1893, against 400 tons in 1802 and 250 tons in 1891.

Gallatin county.—Goal i^roduced in 1893, G3,1C3 short tonsj spot

value, $148,021.

The principal producing mines in Gallatin county are the Timberline

mines, operated by 0. W. Hoffman, under lease from the Northern

Pacific Coal Company. The loroduct of the county has increased annu-

.ally since 1889, though the value of the product in 1893 was less than

that of the preceding year.

Coal product of Gallatin county, Montana, since 1SS9.

Tears.
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fire occurred in the Cokedale mines in October, but it was promptly

drowned out, the water again pumped out and within two weeks after

the fire started work was resumed. Park county is the only coke pro-

ducing county in the State, 57,770 tons of coal being made into coke in

1893.

Meagher county.—Meagher county produced 100 tons in 1893, against

30 tons in 1892. The market for the coal is limited to the local trade

of Castle.

^ NEBRASKA.

No product was reported from Nebraska in 1893. A discovery of a

vein of coal was reported in the neighborhood of Bering, and a force of

men was put to work sinking a shaft to the vein, said to be 30 inches

thick. Another find of a vein 4 feet in thickness was reported near

Plattsmouth. The State has offered a bounty to the discoverer of a

vein of coal of good quality and workable thickness.

NEW MEXICO.

Total production in 1893, 665,094 short tons 5 spot value, $979,044.

The difference between the amount of coal produced in New Mexico

in 1892 and 1893 was less than 1 per cent., that of 1893 being the larger

by 4,764 tons. The value, however, showed a decrease of nearly $100,000,

the average price per ton declining from $1.62 to $1.47.

There were no strikes reported and the condition of the industry, not-

withstanding the decline in value, was of a satisfactory nature. The

principal feature of the year's business was the extensive development

of the mines of Santa Fe county, whose product more than trebled, and

the cessation of operations in Socorro county.

The following tables exhibit the statistics of production in 1892 and

1893, by counties

:

Coal products of New Mexico in 1892, ty countiea.

Counties.

Bernalillo.

.

Colfax
Lincoln
Hio Arriba.
San Juan .

.

Santa Fe...
Socorro ....

Total .

Loaded at
mines for
shipment.

Short tons
245, 738
294, 565

20, 000

33, 360
51, 894

645, 557

Sold to
local trade
and used
by em-

smrtSnort tons.

1,425
1,565
3,045

200
2,340

201

8,776

Used at
mines for
steam and

beat.

Short tons.

1,748
1,781
100
600

1,080
1,688

6,997

Total
product.

Short tons.

248, 911
297, 911

3,145
20, 600

200
36, 780
53, 783

661, 330

Total
value.

$361, 651
393, 426
12, 990
30, 900

200
96, 700

178, 734

Aver-
age
price
per
ton.

^1.45
1.33
4.15
1.50
1.00
2.63
3.43

1,074,601 1.62 223 1,083

Aver-
age
num -

ber of
days

active.

179
261
110
270
50

267
253

Total
number
of em-
ployfis.

449
370
17
35
2

30
180



COAL.

Coal 'product of Ncio Mexico in 1893, hy counties.

325

Counties.



326 MINERAL REiSOUIlCES.

There was a general decrease in the coalmining industry of Colfax

county. The product decreased 48,128 short tons ; the value fell off

691,923; the price declined from iifel.SSto $1.21; the number of employes

decreased from 370 to 272, and the average working time from 261 to

248.
Coal product of Colfax county, New Mexico, since 1882,

Tears.
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San Juan county.—A small amount of coal is mined for local use.

The product in 1892 was 200 tons and in 1893, 210 tons.

Santa Fe county.—Coal produced in 1893, - 118,892 short tons ; spot

value, $253,242.

The product in 1893 was more than three times the amount reported

in 1892, due to the Cerrillos Coal iiailroad Company securing control of

a number of mines at Madrid and operating them on a extensive scale.

Coal product of Santa Fe county, New Mexico, since 1882.

Tears.

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

3,

3,

3,

1,

1,

7,

25,

34,

22,

16,

36,

118,

Value.

$74, 666
52, 190
35, 100

96, 700
253, 242

Average
price per

ton.

$2.14
2.29
2.13
2.63
2.13

Number
of days
active.

267
257

Number
of men

employed.

55
36
30
328

Santa Fe county is the only county where anthracite coal is produced

west of the Mississippi river, excei)t Gunnison county, Colorado, and a

little semi-anthracite in Arkansas. The product of anthracite in 1893

was 9,982 tons against 3,100 tons in 1892. In addition to this, 73,217tons

of semi-anthracite was produced, the remainder of the product being

bituminous.

Union county.—A product of 56 tons was mined in Union county in

1893, the first reported from this county.

Socorro county.—No product was reported from Socorro county in

1893. The output in previous years was as follows

:

Coal product of Socorro county, New Mexico, since 1882.

Tears.
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NORTH CAROLINA.

Total product in 1893, 17,000 short tons; spot value, $25,500. Dur-

ing 1892 a fire occurred in the coal mines at Egypt Depot, and the

output of that year was consequently greatly reduced. In 1893 the

mines were ojierated only for a brief period (about three months), as the

facilities for mining and handling the coal were found inadequate, and
operations were temporarily suspended for the purpose of introduc-

ing new machinery and making alterations in the openings at the bot-

tom of the shaft, which prevented advantageous mining. It is expected

that with the completion of the improvement the capacity of the mine
will reach 500 tons per day.

The statistics of production for the past three years and the total

product since 1889 are shown in the following tables

:

Coal product of North Carolina in 1891, 1892, and 1893.

Didtribution.
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with about twotliirds tlie steam-raising power as the average bitu-

minous coal.

The following tables show the statistics of production in 1892 and i893

by counties, and the total i)roduction of the State since 1884:

Coal ]}roduct of North Dakota in 1893.

Distribution.

Loaded at mines for shipment
Sold to local trade and used by employes

Total product
Total value

ITnmber of men employed
Number of days active

Short tons.

38, 000
2, 725

40, 725

$39, 250
54

216

Coal product of North Dakota in 1S9S, hij counties.

Conntiea.
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net increase of 694,244 tons. In 1893 tbere were only 7 connties wliose

product exceeded that of 1892, the total increases amounting to 520,764

short tons, while 20 counties (including l^oble county, which did not

produce any) had a lessened output, the total decreases aggregating

830,045 tons, and making the net decrease in the State 309,281 tons.

The more important increases were in Athens county, 196,820 tons;

Jefierson county, 145,302 tons; Medina county, 51,660 tons; and Stark

county, 69,593 tons. The counties in which the decreases exceeded

50,000 tons were Belmont, 63,657 tons; Carroll, 105,728 tons; Columbi-

ana, 53,441 tons; Hocking, 149,751 tons; Summit, 118,858 tons; and

Tuscarawas, 78,688 tons.

There were 3 counties whose output in 1893 exceeded 1,500,000 tons?

Athens, Hocking, and Jackson, their combined output aggregating

over 5,000,000 tons. Two others, Jefferson and Perry, produced over

1,000,000 tons each. Belmont and Stark counties each produced more

than 900,000 tons. Only one other (Tuscarawas) exceeded 500,000

tons, and two (Columbiana and Guernsey) exceeded 400,000 tons. Four

counties, Carroll, Coshocton, Meigs, and Muskingum, each produced

over 200,000 tons, and two others, Mahoning and Medina, produced

more than 100,000 tons.

The production of the State, by counties, in 1892 and 1893 is shown
in the following tables

:

Coalproduct of Ohio in 1892, hy counties.

Ceunties.
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Coal product of Ohio in 1S93, hy counties.

Counties.
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Coal product of Ohio since 1884, iy counties—Continued.

Counties.

Athens
Belmont
Carroll
Columbiana .

Coshocton . .

.

Gallia
Guernsey . .

.

Harrison
Hocking
Holmes
Jackson
Jeflerson
Lawrence . .

.

Mahoning . .

.

Medina
Meigs
Monroe
Morgan
Muskingum.
Noble
Perry
Portage
Stark
Summit
Trumbull . . -

Tuscarawas .

Vinton
Washington--
"Wayne
Small mines

.

Total-

.

Short tons.

1, 221, 186
641, 862
351,782
506, 824
106, 599

23, 208
362, 168

33, 724
845, 049

9,423
926, 874
271,830
102. 656
240, 563
136, 061

220, 277
20, 725
8,000

214, 005
38,400

1, 565, 786
78, 117

851, 994
50, 726

108, 120

683, 505

102, 040

18, 045
84, 178

1890.

Short tonn.

1, 205, 455
774, 110
328, 967
567, 595
177, 700
16,512

413, 739

8,000
1,319,427

970, 878
491, 172
77,-004

256, 319
139, 742
255, 365

1,000

220. 719
6,850

1,921,417
70, 666

830, 449
112, 907
47,714

589, 875
80, 710
5,990

38, 528
550, 000

9, 976, 787 11, 494, 506 12, 868, 683

Short tons.

1, 482, 294
819,236
313, 543
021, 726
189, 409
17, 493

390, 418
3,960

1,515,719

1,475,939
697, 193
76, 235

200, 734
160, 184
282, 094

160, 154
3,800

, 785, 626
69, 058

917, 995

140, 079

83, 950
736, 297

98, 106
5,950

21,371
600, 000

1892.

Short tons.

1, 400, 865
1, 037, 700

367, 055
520, 755
228, 727
19, 000

4.55, 997
3, 220

1, 786. 803

1.833,910
932, 477
71, 376

205, 105
101,440
260, 044

12, 000
177, 488

300

1, 452, 979
76, 398

856, 607
147, 847
30. 187

777, 215
83, 113

44, 720
73, 599

600, 000

13, 562, 927

Short tons.

1, 597, 085
974, 043
261,327
467, 314
244, 605
11,393

412, 395
2,640

1, 637, 052

1, 826, .^>72

1, 077, 779
36.512

173, 704
153,100
228. 534

10, 000
205, 966

1,438,123
89, 431

920, 200

28, 089

15, 681
698, 527
72, 970

046
62, 452

600, 000

13, 253, 646

From the above table the following statement showing the annual

increases and decreases in the coal product of each county is deduced

:

Comparative statistics of coal production in Ohio, hy counties, from 1886 to 1893.

[Short tons.]

Counties.

Athens
Belmont
Carroll
Columbiana .

Coshocton . .

.

Gallia
Guernsey
Harrison
Hocking
Holmes
Jackson
Jefferson
Lawrenc6
Mahoning ...

Medina
Meigs
Monroe
Morgan
Muskingum

.

Noble
Perry
Portage
Stark
Siunmit
Trumbull
Tuscarawas .

Vinton
Washington

.

Wayne

Total
Net increase or decrease.

1887 compared with
1886.

Increase. Decrease

184,497
147, 988
76, 698

179, 994

71, 857

119, 813

'iii,'492'

278, 805

18, 209

75, 327
2,978

263, 175

190, 742
13, 590

238, 800
29,714

2, 003, 739
1,800,497

23, 374
40, 091

26, 924
7,058

270

5,176

3,620
3,907

1888 compared with
1887.

Increase. Decrease

2.53, 155
386, 339

61, 784
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Comparative statistics of coal production in Ohio, etc.—Continued.

[Short tons.]

Counties.
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fourth to third place in coal production, displacing Perry county. The
mines gave employment to 3,203 men in 1893, the average working

time being 162 days, an increase from 2,536 men and a decrease from

193 days in 1892.

Coal product of Athens county, Ohio, since 1S84.

Tears.
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CoaJ 2>i'0(liict of Carroll county, Ohio, since 18S4.

335

Tears.
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Gallia county.—The product of Gallia county is from one mine, and
amounted to 11,393 short tons, valued at $10,399, against 19,000 short

tons, worth $17,500, in 1892.

Guernsey county.—The output of Guernsey county in 1893 was 412,395

short tons, against 455,997 short tons in 1892, a decrease of 43,602 tons.

The decrease is due principally to disagreements between miners and
owners regarding wages, and the striking of the men.

Coal product of Guernsey county, Ohio, since 1884.

Tears.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

375,

297,

433,

553,

383.

362,

413,

390,

455,

412,

Value.

$313, 480
282, 355
306, 299
330, 742
294, 738

Average
price per

ton.

$0.87
.68
.79
.72
.71

Number
of days
active.

225
188
229
176

Number
of men

employed.

788
810
800
993

Harrison county.—The production of coal in Harrison county is of

small importance, linearly the entire output is from small banks not

considered separately in this report. The census of 1889 reported a

product from this county of 33,724 short tons. In only one year since

then has it been more than 4,000 tons annually, except in 1890, when
8,600 tons were reported. The product in 1893 was 2,640 tons, valued

at $2,840.

Coal product of Harrison county, Oliio, since 1886,

Tears. Short tons. Value.
Average Number
price per of days

ton. active.

Ntimber
of men

employed.

1886.
1887 .

1888.
1889.
1890.
1891.
1892.
1893.

5,509
4,032
2,865

33, 724
8,600
3,960
3,220
2,640

$41, 028
12, 900
5,860
4,820
2,840

$1.21
1.50
1.48
1.50
1.08

268
236
179
124

Hocldng county.—There are only ten mines in Hocking county, but

they are all important producers, the county being the second in the

State in the amount of coal produced. In 1893 the product was

1,637,052 short tons, valued at $1,343,231, against 1,786,803 tons, valued

at $1,514,265, in 1892. The mines employed 2,072 men for an average

of 193 days in 1893, and 2,099 men for 216 days in 1892,



COAL.

Coal product of Hocking county, Ohio, since 1884.
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Years.
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tlie gas caused tlie return to coal, and many of the ironworks now
obtain coal ffom their own mines. There are also a number of brick-

yards the ow^ners of which mine their own coal. In such cases the

value of the coal is taken at the ruling price reported for other mines

in the vicinity.

Coal product of Jefferson count]], Ohio, since 1SS4,

Tears.
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Medina county.—Coal produced in 1893, 153,100 sliorfc tons; value,

$191,725. Increase from 1892, 51,000 sliort tons and $07,112. The aver-

age price per ton was $1.25, the higliest ever reported.

Coal product of Medina county, Oldo, since 1884.

Tears.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.
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Coal product of Muskingum county, Ohio, since 1884.

Tears.

1884
1885
1886
1887
18S8
1889
1890
1891
1892

i

1893
1

Short tons.

84, 398
86, 846
96, 601

171, 928
211, 861
214, 005
229, 719
160, 154
177, 488
205, 966

Value.

$212, 873
197, 640
130, 674
161,038
171, 082

Average
price per

ton.

Number
of days
active.

250
213
192
214

Number
of men

employed.

304
366
338
356
388

Nohle county.—ISTo product was reported from ISToble county in 1893.

In 1889, according to the Eleventli Census, the product, including the

output of local banks, was 38,400 short tons. In 1890 the product was

6,850 tons, decreasing to 3,800 tons in 1891, again to 300 tons in 1892,

and ceasing altogether in 1893.

Perry county.—Perry county ranks . fourth among the coal produc-

ing counties of the State, having fallen from third place in 1892. The

production has decreased annually since 1890, the output in 1893 being

14,856 tons less than in 1892, with a decrease in value of $20,479.

Coal product of Perry county, Ohio, since 1SS4.

Tears.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Stort tons. Value.

$1, 317, 903
1, 642, 967
1, 483, 542
1, i:39, 268
1, 218, 789

Average
price per

ton.

$0.84
.85
.84
.85
.85

Number
of days
active.

170
187
178

Number
of men

employed.

3,056
2,977
3,284
2,380
2,585

Portage county.—The coal product of Portage county increased from

76,398 short tons, valued at $116,243 in 1892 to 89,431 tons, valued at

$138,561 in 1893, a gain of 13,033 in quantity, and $22,318 in value.

Coal product of Portage county, Ohio, since 1884.

Tears.
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Starli couiitij.—The product of Stark county m 1893 was tlie largest

in its history, being 09,593 short tons more than in 1892, and reaching

a total of 920,200 tons. The value increased $104,569, from $1,044,074

to $1,149,243. During 1893 the mines gave employment to 2,105 men
for an average of 101 days, against 1,770 men for 199 days in 1892.

Coal product of Stark county, Ohio, since 1SS4.

Tears.
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Tuscarawas county.—The amount of coal produced ia Tuscarawas,

county in 1893 was 698,527 short tons, valued at $588,458, a decrease

from 1892 of 78,688 short tons and $72,529.

Coal product of Tuscarawas county, Ohio, since 1S84.

Tears.
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The following? tables show the statistics of production for the past

two years, and the total output since 1885:

Coal product in Oregon in 1S92 and 1893.

Distribution.

Loaded at the mines for a1ii]mipnt short tons..
Sold to local trade and nscd by employes do
Used at mines for steam and iieat do

Total product do
Total value
Total number of employes
Average number of days worked

1892.

31, 760

2, lio.-J

54S

34, 661

$148, 546
90

120

1893.

37, 835

3, 594
254

41,683
$164, 500

110
192

Coal product of Oregon from 18S5 to 1803.

Tears.
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of $3,756,490. Tlie average price per ton declined from 84 cents in

1892 to 80 cents in 1893.

The details of i3roduction of anthracite and bituminous coal are dis-

cussed separately in the following pages. The statistics of anthracite

production have been compiled by Mr. William W. Euley, Chiief of the

Bureau of Anthracite Coal Statistics, of Philadelphia, under the super-

vision of Mr. John H. Jones. The statistics of bituminous production

have been compiled in the office of the Geological Survey.

PE\NS¥LVANIA ANTHRACITE.

[By John H. Jones.]

N^othwithstanding the business depression in the latter half of the

year, with its consequent effects upon all industries, and which was
very markedly felt in the soft coal trade, the year 1893 closed with the

largest production of anthracite coal in the history of the industry

amounting to 48,185,306 tons, an increase of 1,334,856 tons over the

large production in 1892.

This increase, however, was all in the first part of the year, as will

be seen in the statement of shipments by months, given in another part

of this report, there being really a considerable decrease in the last six

months, as compared with the corresponding period in 1892.

The large increase in the early part of the year was due to the very

severe weather in the latter part of 1893 and beginning of 1893 j stocks

of coal at different points were almost completely exhausted, and at

the end of 1892 considerable difficulty was experienced in forwarding

coal to market, particularly to western points, this naturally resulting

in a rush to fill orders and renew stocks which held out for the first

six months of 1893; about this time, however, the bad trade conditions

began to have their effects, and during the remainder of the year the

tonnage fell off in harmony with a depressed and restricted market.

The fields from which the supply of anthracite is drawn cover an area

of about 480 square miles, are situated in the eastern part of the State,

and extend about equal distances north and south of a line drawn
through tlie middle of the State from east to west, in the counties oi

Carbon, Columbia, Dauphin, Lackawanna, Luzerne, Northumberland,

Schuylkill, and Susquehanna, and known under 3 general divisions, viz:

Wyoming, Lehigh, and Schuylkill regions. Geologically they are

divided into 5 well-defined fields or basins, which are again subdivided,

for convenience of identification, into districts, as follows

:
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Geologicalfields or laains. Local districts.

Nortliern

Carboiulale .

Scranton

Pittston

Wilkcsbarre

Plymouth ..

. Kin"ston . .

.

Trade regions.

Wyoming,

Eastern Middle

Southern

1

Lehigh,

Western Middle

Greon Mountain
Black Creek

Hazleton

Beaver Meadow
Panther Creek
East Schuylkill

West Schuylkill ....

Lorberry

. Lykens Valley j^ SchuylkilL

East Mahanoy
West Mahanoy
Shamokin

^

The above territory is readied by 12 so-called initial railroads, as fol-

lows:

Philadelphia and Reading Railroad Company
Lehigh Valley Railroad Company.
Central Railroad Company, of New Jersey.

Delaware, Lackawanna and Western Railroad Company.
Delaware and Hudson Canal Company's Railroad.

Pennsylvania Railroad Company,
Erie and Wyoming Valley Railroad Company.
New York, Lake Erie and Western Railroad Company.
New York, Ontario and Western Railroad Company.
Delaware, Susquehanna and Schuylkill Railroad Company,
New York, Susquehanna and Western Railroad Company.
Wilkesbarre and Eastern Railroad Company.

The last road above-mentioned was not completed and opened for

business until December of 1893.

Of the total product of 48,185,306 tons, the above roads carried to

market 43,094,798 tons, the remainder being sold to local trade and
used for steam and heating purposes at the mines.

This local business amounted during the year to 1,073,799 tons,

while the mine consumption was 4,016,709 tons. This latter item is

partly approximated, as much of it is culm and dirt and for this

reason the operators in some cases keep no accurate account of the

amount, and are therefore compelled to estimate it in their reports.

For the above reasons, also, this coal is not considered in the valuation

of the.product.

The value of the product at the mines for 1893 was $85,687,078, or

$1.94 per long ton.

The average number of days worked during the year was 197, and
the average number of persons employed, including superintendents,

engineers, clerical force at mines, oflices, etc., was 132,944.
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Following are giveu iu tabular form tlie details above noted in com-

parison witli 1892

:

Total anthracite coal produced in the years 1S92 and 1803.

Years.
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In addition to tlie above, the sliipments for 1802 aiidl803, as prepared

by the Biirewu of Anthracite Coal Statistics, are shown by months in the

following- table, from which will be seen the condition of the trade, as

stated in the beginning of this article.

Monthly sliipments of anthracite in 1893 and 1S92.

Months.

January...
February..
March
April
May
Jmie
July
August ...

September.
October . .

.

November.
December .

Total

1893.

3, 069, 579
3, ('84, 1.56

3, 761, 744
3, 284, 659
3, 707, 082
4,115,632
3, 275, 863

3, 308, 768
3, 614, 496
4, 525, 663

3, 905, 487
3, 436, 406

43, 089, 535

1892.

2,851,

3, 172,

3, 070,

2, 939,

3, 524,

3, 821,

3, 648,

3,691,

3, 754,

4, 052,

3, 769,

3, 596,

41, 893, 322

Difference.

Inc.
Dec.
Inc.
Inc.
Inc.
Inc.
Dec.
Dec.
Dec.
Inc.
Inc.
Dec.

218, 092
87, 866

691, 217
345, 502
182,3.54

293, 825
372, 720
383, 071
139, 986
472, 766
135, 776
159, 676

Inc.l, 196, 213

Below is also given a table showing' the shipments of anthracite by
years since the commencement of the industry, shipments being divided

according to the three trade regions, Wyoming, Lehigh, and Schuylkill.

It must be borne in mind, however, that these figures show only

shipments, and a proper allowance must be made for local trade and

mine requirements.

Annual shipments from the Schuylkill, Lehigh, and Wyoming regions from 1820 to 1893.

Tears.



i)48 MINERAL RESOURCES.

Annual shipments from the Schuylkill, Lehigh, and Wyoming regions from 1820 to lS9t
Continued.

Years.

1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Schuylkill region.

Long tons.

2, 636, 835

2, 665, 110

3, 191, 670

3, 552, 943

3, 603, 029

3, 373, 797
3,273,245
3, 448, 708

3, 749, 632

3. 160, 747

3, 372, 583
3,9W,683
4, 161, 970
4, 356, 959

5, 787, 902

5, 161, 671

5, 330, 737
5.775,138
4, 968, 157

6, 552, 772

6, 694, 890

7, 212, 601

6, 866, 877

6, 281, 712
6, 221, 934

, 8,195,042
6, 882, 226

8, 960, 829

7, 554, 742

9, 253, 958

9, 459, 288
lO, 074, 726

9, 478, 314

9, 488, 426
9, 381, 407

lO, 609, 028
10, 654, 116

10, 474, 364
10, 867, 821

12, 741, 258
12, 626, 784
12, 357, 444

Per ct.

52.81
51.30
53.14
53.77
52.91
50.77
47.86
44. 16
44.04
39.74
42.86
40.90
40.89
45.14
45.56
39.74
38.62
41.66
30.70
41.74
34.03
33.97
34.09
31.87
33.63
39.35
35.68
34.28
32.23
32.46
32.48
31.69
30.85
30.00
29.19
30.63
27.93
29.58
30.31
31.50
30. 14
28.68

Lehigh region.

Long tons.
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Ill the report for the year of 1892 an outline was given of the progress

of the effort on the x>art of the management of the Philadelphia and
Eeading Railroad Company to consolidate the interests engaged in

mining and transporting anthracite coal in Pennsylvania. It will be

observed that at the close of the year the lease of the Central Eailroad

Company of New Jersey to the Port Reading Railroad Company had
been abrogated and that the contracts for the purchases of coal from the

Lehigh and Wilkesbarre Coal Company had been canceled, leaving the

Philadelphia and Reading Railroad Company still in possession of the

LehighValley system, together with the Lehigh Valley Coal Company,
and the contracts with individual operators, which had not been affected

by the withdrawal of the arrangement with the Central Railroad of

New Jersey interests.

On February 20, 1893, the property of the Philadelphia and Reading,

including the Lehigh Valley railroad, passed under the control of the

U. S. circuit court, and Messrs. A. A. McLeod, Edward M. Paxson, and

E. P. Wilbur were appointed receivers. On May 1, 1893, Mr. McLeod
resigned, and Mr. Joseph S. Harris was ajDpointed as receiver, and was

also elected president. Mr. Wilbur resigned his position as receiver

on August 8, 1893, and Mr. John Lowber Welsh was api^oiuted to fill

the vacancy.

The lease of the Lehigh Valley Railroad Company was abrogated and

the contracts with affiliated interests were relinquished by the Philadel-

phia and Reading receivers as of August 1, 1893, thus severing the only

remaining alliance which was comx3rised in the orginal consolidation of

February 11, 1892.

An amicable arrangement was consummated between the Lehigh

Valley Coal Company and the individual operators with whom con-

tracts had been made for the sale of the product mined by the latter,

which continued those contracts in substantially the same form as origi-

nally contemplated. Growing out of the changed relations of these

individual operators to the trade by reason of the situation above

referred to an association was formed, comprising a majority of the

operators not interested in the transportation lines, which has for its

object the general supervision of the interests of the individual opera-

tors engaged in iDroducing anthracite coal and maintaining more har-

monious relations with the larger mining companies and the general

trade. This association has become an important factor in the anthra-

cite situation and will no doubt be of great benefit to the trade.

The contract between the Philadelphia and Reading Railroad Com-

pany and Messrs. Coxe Brothers & Co., for the transportation of the

coal mined by the latter at the collieries owned or controlled by them

upon the line of the Delaware, Susquehanna and Schuylkill railroad,

which was entered into May 14, 1891, was annulled August 15, 1893,

and the tonnage of Messrs. Coxe Brothers & Co. was thereafter diverted

to other lines.
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On November IS, 1803, a formidable strike of the engineers, firemen,

conductors, trainmen, and telegraph operators n[)on the Lehigh Valley

railroad was inaugurated, which continued until .December G, 1893.

The estimated loss to the comi^any in consequence of this strike was

$600,000, and resulted in materially diminishing the coal traffic of that

line for the year.

The Wilkesbarre and Eastern railroad, extending from Wilkes-

barre to a connection with the New York, Susquehanna and Western
railroad, near Stroudsburg, Pa., a distance of 05 miles, was completed

and opened for coal traffic December 11, 1893. This line is operated

by the New York, Susquehanna and Western Railroad Company, and
forms a direct line for the transportation of the coal controlled by that

company to New York waters.

A noticeable feature of the anthracite trade is the constantly increas-

ing demand for the smaller or refuse sizes. The utilization of this por-

tion of the product for steam and heating purposes is markedly in the

increase. Several extensive washeries have been erected during the

year in the different districts for the purpose of reclaiming the immense
culm banks which have accumulated during the earlieryears of mining,

and thus the proportion of these smaller sizes of the total output is

becoming constantly greater. During the year 1893 the supply was
considerably short of the demand.
At a meeting of the American Institute of Mining Engineers, at

Chicago, in August, 1893, Mr. Eckley B. Coxe submitted a paper

describing a furnace especially constructed for burning the small sizes

of anthracite. From this paper the following has been abstracted

:

" The furnace consists essentially of a traveling grate moving from

the right toward the left. The coal which is brought to the hopper by
a drag, spout, or any other convenient method, feeds down by gravity

over the fire brick into the traveling grate. The coal is carried slowly

at the rate of 3J to 5 feet per hour toward the other end. In the begin-

ning of the operation the coal on the right-hand side of the furnace is

ignited, the other part being covered with ashes or partially consumed
coal. After the furnace is heated, the firebrick wall, which we call the

'ignition brick,' becomes hot, and the coal passing down under the reg-

ulating gate becomes gradually heated, and by the time it reaches the

foot of the ignition brick is incandescent. In some cases the coal

becomes hot enough to ignite soon after it passes the regulating gate.

Under the grate there are a number of chambers made of sheet iron,

which are closed on all sides except the top. The blast from the fan

which is used to furnish the air is blown into the large air chamber,
which is the second one from the right. These air chambers are open
on top, but the partitions are covered by plates. These plates are of

such width that, nomatter what may be the position of the grate bars,

there is always one resting ujjon this plate, so that the air can not pass

from one chamber to another except by leakage along the bar. The
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result of tbis arrangement is that if we are blowing into the large air

chamber with a pressure, say, of 1 inch water gauge, the pressure in the

next air chamber to the left would be about three-fourths inch, the next

to that one-half inch, and the next to that one-fourth inch. Of course

these figures are not strictly correct, and are used merely for the x)ur-

pose of illustrating, only the general x^rinciples of the apparatus are now
being described. The pressure in the air chamber to the right would

be, say, three-fourths inch. The result of this state of afi'airs is that the

coal when it arrives on the grate is subjected to a pressure of blast

suflicient to ignite it, but not too strong to impede ignition.

" In order to regulate exactly the pressure of the air in each of the

compartments the partitions are provided with registers, by the simple

opening and closing of which the pressure in the air chambers can be

varied to suit the conditions.

"As the thoroughly ignited coal passes slowly over the second (;om-

partment (where the air pressure is a maximum), it burns briskly and
then slowly passes over the third compartment, where the air pressure

is less and better suited to the combustion of the thinner layer of

partly consumed coal; the bed continues to diminish in carbon, and to

be subjected to less blast, until, finally, the hot ashes are cooled off

(before being dumped) by a very gentle current of air, which is heated

and mingles with the carbonic oxide produced in the zone of intense

combustion and converts it into carbonic acid, the object being to sub-

ject the coal as soon as it arrives on the grate to a pressure of blast

whichis theproper one to ignite it; then it is burned with a blastas strong

as will produce good combustion, and as the carbon is eliminated and

the thickness of the bed becomes smaller to diminish the blast to cor-

respond to these conditions. The mass of coal remains all the time in

practically the same position and condition in which it was placed on

the grate, except so far as altered by combustion. It is evident that

there would be a tendency for the air to pass out between the brick rest

and the top of the grate bars which have no coal on them, and if no

provision was made to prevent it the air would pass under the air

chamber along the line of travel of the grate and enter the furnace

through the ash exit, thus forcing a large excess of air into the space

under the boiler and causing a loss in two ways: First, in the power

necessary to furnish the air, and, second, in the heat carried off by the

surplus of air going out the stack. This is avoided by having the

returning line of grate pass into a water pan. By means of the par-

tition which passes down below the surface of the water, a water seai

is obtained which absolutely cuts off all connection between the front

and back ends of the lower portion of the furnace along the line of

travel of the grate. The ash pit, which is practically the part to the

left of the plate, is closed by a door out of which the ashes are taken

and the front end of the boiler is closed by a sheet-iron casing, which
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passes down into tlie water in the water pan, thereby preventing tlie

air from passing out between the brick rest and the grate bars into tlie

free air. There is sj)ace enough between the extreme right-liand end

of the water pan and the vertical wall of the casing to allow any ashes

or dirt that may accumulate in the water pan to be taken out very

easily."

PENNSYLVANIA BITUMINOUS COAL.

Total product in 1803, 44,070,724 short tons 5 spot value, $35,260,674.

In 1892 the total product of bituminous coal in Pennsylvania was

46,694,576 short tons, having a spot value at the mines of $30,017,164.

There was a decrease accordingly in the output of 1893 of 2,623,852 short

tons, and a decrease in value of $3,756,490. As was the case with

anthracite production, the first half of 1893 was favorable in the bitum-

inous regions of Pennsylvania and operations were active, but later,

when the unfavorable conditions of trade manifested themselves, pro-

duction fell off and prices declined so severely that all of the benefits

of the earlier months were overcome, and the average price for the year

was 4 cents lower than in 1892. Some ojjerators endeavored to reduce

the price of wages in accordance with the decline in price ; and on account

of poor collections and inability to realize on commercial paper, some

others endeavored to make monthly payments for w^ages. Several

strikes naturally resulted, which were settled without serious difficulty.

The statistics of labor employed show conditions to have been very

similar to those in other States, a larger number employed but a lower

average for the number of days worked. In 1892 the bituminous mines

of Pennsylvania gave employment to 66,655 men for an average of 223

days. In 1893 the number of employes increased to 71,931 men, and

the average working days decreased to 190.

The following tables show the statistics of the production of bitumi-

nous coal in Pennsylvania during 1892 and 1893.
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Bitumir.ous coal product of Pennsylvania in 1S92, ly counties.

Counties.

Allegheny
Armstrong
Beaver
Bedford
Blair
Bradford
Butler
Cambria
Center
Clarion
Clearfield
Clinton
Elk
Fayette
Huntingdon.-

.

Indiana
Jefferson
Lawrence
Lycoming
McKean
Mercer
Somerset
Tioga
Washington .

.

Westmoreland
Small mines.-

.

Total.

Loaded
at mines

for
shipment.

Sold to
local

trade and
used by

employes.

Short
tons.

C, 052, 630

565, 399
120, 244
510, 678
115, 875

(a) 55, 617
140, 792

2, 424, 799
451,716
548, 433

6, 582, 271
98, 242

685, 234
1,051,414

239, 282
418, 348

3, 002, 432
215,466
16, 600
12,610

396, 076
485, 227
945, 420

2, 872, 332
4,418,812

Short
tons.

331, 098
18, 080
20, 096
5, 363
2,868
1,200
3,686

392, -401

272
18,710
36, 061

4,012
155, 630

8, 355
1,095

23, 185
865

3, 865
8,672
7,235
6,429

16, 655
23, 188

118, 746
1, 000, 000

2, 207, 827

Used at
mines
for

steam
and
heat.

Short
tons.

15,471
40
80

1, 420
2,894

891
1,251

21, 085
675

2,190
45, 438

4,102
70, 675

6, 559
250

14, 844
230
50

16, 834

6,336
7,715

137, 149

356, 779

Made into
coke.

Short
tons.

415
35, 000

137, 587

247, 609
43, 858

213, 015

38, 227
5, 982, 325

79, 659
94, 770

665, 868

17, 954
31, 373

4, 116, 361

11, 704, 021

Total
product.

Short
tons.

6, 399, 199
583.519
140, 835
552, 461
259, 224
57, 708

145, 729
3, 080, 554

496, 521
569, 333

6, 876, 785
98,242

731, 535

7, 260, 044
333, 855
514, 463

3, 706, 329
216, 561
20, 515
21, 282

420, 145
509, 610
999, 784

2,903.235
8, 791, 068
1,000,000

46, 694, 576

Total
value.

!5, 848, 483
443, 160
142, 174
450, 697
219, 272
81,945

135, 818

2, 545. 867
397, 335
424, 477

5, 538, 591

99, 208
611,112

5,620,159
249, 715
393, 388

3, 006, 617
221, 329
23, 036
23, 410

368, 479
346, 705

1, 434, 878
2, 538, 375
7,102,934

750, 000

Aver-
age
price
per
ton.

$0.91
.71
1.01
.82
.85

1.42
.93
.82
.79
.75
.81

1.01
.83
.77
.75
.77
.81
1.02
1.13
1.10
.88
.66

1.44

39, 017, 164 . 84

Aver-
age
num-
ber of
days

active.

Total
num-
ber of
em-

ployes.

225
246
210
265
203
206
169
228
181
235
212
175
230
239
244
191
232
250
252
304
181
238
223
202
234

11,223
964
323
975
848
122
358

4,913
767
985

10, 225
175

1,265
7,952

560
• 656
4,567

368
60
28

876
577

2,249
4,895

10, 724

223 66,655

a Includes 2,100 tons stocked at the mines, December 31, 1892.

Coal product of Pennsylvania in 1893, by counties.

Counties.
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Notwithstanding a decrease in output from 1892 of over 1,300,000

tons, Westmoreland county continues the most important coal producer

in th'e State both in amount and value of its output. Allegheny county

advanced from fourth to second place in product, and continued m
second place in the vahie of its output. Fayette county dropped from

second to third place in product and from third to fourth in value.

Clearfield county ranks fourth in product and third in value, holding]?

directly opposite positions in 1892. All of these counties exceeded

6,000,000 tons, and Westmoreland exceeded 7,000,000. No other coun-

ties exceeded 4,000,000 tons. Three had outputs over 3,000,000 tons,

Jefferson, Washington, and Cambria, in order. There was no other

county which produced as much as 1,000,000 tons, though Tioga county

was only 37,752 tons short of that amount.

There were three counties whose mines gave employment to more

than 10,000 men both in 1892 and 1893. These were Allegheny, Clear-

field, and Westmoreland. Three counties employed more than C,000

men- Cambria, Fayette, and Washington, and one other county, Jeffer-

son, employed more than 5,000 men.

The average working time in each county is obtained by multiply-

ing the total number of men employed at each mine by the number

of'^days the mine was operated, and the sum of these multiples

divided by the total number of employes in the county. The sum of

the multiples represents the total number of day s made. In Allegheny

county this amounted to 2,312,821; in Cambria county, 1,212,432; in

Clearfield, 1,945,271; in Fayette, 1,320,432; in Jefferson, 1,165,329; in

Washington, 1,114,658 ; and in Westmoreland, 2,108,569. The average

tonnage per man per day is obtained by dividing the total product by

these figures. From this it will be found that the average in Allegheny

county was 2.88; in Cambria county, 2.71; in Clearfield county, 3.16;

in Fayette, 4.74; in Jefferson, 3.33; in Washington, 2.97, and in West-

moreland, 3.53.

Comparing the production of 1893 with 1892, it is found that in only

9 counties out of 25 was the product increased. The more important

increases were in Allegheny county, 263,896 tons; Cambria county,

195,913 tons; Jefferson county, 178,867 tons; Mercer county, 79,506

tons; and Washington county, 411,911 tons. Of the 16 counties in

which production decreased the most important were Clearfield, 728,027

tons; Fayette, 998,898 tons; Elk, 97,410 tons; Indiana, 133,797 tons;

and Westmoreland, 1,351,308 tons. It is observed that in the Pitts-

burg region, embracing Allegheny and Washington counties, the largest

increases occurred, the total increases for the 2 counties being 675,807

tons, while in the Connellsville coking region, including Fayette and

Westmoreland counties, the greatest loss occurred. The total decrease

for these 2 counties was 2,350,206 tons. The increase in Cambria

county was due to the opening up of a new and important field in the

northern p^rt of tb© county, and to the stimulus giveo to production
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by the severe weather in the early part of the year. The latter cause
is also applied to the increased production in Allegheny and Washing-
ton counties. The production was also somewhat augmented by the
increased locomotive and ocean steamer consumption, due to the extra
traffic occasioned by the World's Columbian Exposition. None of these
conditions benefited the production in the Connellsville field. In the
earlier months of the year the trade was normal, and the bad conditions
in the later months show their effects in the largely decreased output.

In the following table is shown the annual bituminous coal produc-
tion by counties since 188G, with the increases and decreases in 1893
as compared with 1892

:

Bituminous coal product of Pennsijlvania since 18S6, ly countieB.

Counties

.

AUegheny
Armstrong
Beaver
Bedford
Blair
Bradford
Butler
Cambria
Cameron
Center
Clarion
Clearfield ,

Clinton
Elk
Payette
Greene
Huntingdon
Indiana
Jefferson
Lawrence
McKean
Mercer
Somerset
Tioga
Venango
Washington ...

Westmoreland
Small mines

Total.

Net increase

18S6.

Short tons.

4, 202, 086
210, 856
208, 820
173, 372
305, 695
206, 998
102, 306

1, 222, 028
3, 200

313, 383
429, ,544

3, 753, 986

526, 036
4, 494, 613

5,600
313, 581
103, 615

1,023,186
101, 154

617
537, 712
.349, 926

1, 384, 800
2,500

1, 612, 407
5, 446, 480

1887.

27,094,501

Short tons.

4, 680, 924
235, 221
197, 863
311, 452
287, 367
167,416
161, 764

1, 421, 980
3,000

508, 255
593, 758

5, 180, 311

609, 757
4, 540, 322

3,002
265, 479
207, 597

1,693,492
125,361

9, 214
539, 721
416, 240

1, 328, 963
2,296

1,751.615
6, 074, 486

200, 000

31,516,856.

4, 422, 355

Short tons.

5, 575, 505
220, 093
63, 900

248, 159
314, 013
163, 85!

194, 715
1, 540, 460

700
382, 770
535, 192

5, 398, 981
32, 000

555, 960
5, 208, 993

5,323
281, 823
157, 285

2, 275, 349
106, 921
10, 443

487, 122
370, 228

1, 106, 146
2, 000

1,793,022
6, 519, 773

240, 000

1889.

33, 796, 727

Short tons.

4, 717, 431
289, 218
93, 461

257, 455
215.410
129,141
288, 591

1, 751, 664
2,300

395, 127
596, 589

5, 224, 506
106,000
614, 113

5, 897, 254
53, 714

280, 133
153, 608

2, 896, 487
143, 410
11,500

575, 751
442, 027

1, 036, 175
6,911

2, 364, 901
7, 631, 124

(6)

36, 174, (

2,279,871 2,377,362

1890.

Short tons.

4, 894, 372
380, 554
139, 117
445, 192
298, 196
126, 687
167, 578

2, 790, 954

452,114
512, 387

6, 651, 587
159, 000

1,121,534
6, 413, 081

(a)

322, 630
357, 580

2, 850, 799
140, 528
(a)

524, 319
522, 796
903, 997
(a)

2, 830, 667
8, 290, 504
1, 000, 000

42, 302, 173

6, 128, 084

a Included in product of small mines.

6 Included in county distribution.
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Bituminous coal product of Pennsylvania since 1886, hy counties—Continued.

Countiea.

Allegheny
Armstrong
Beaver
Bedford
Blair
Bradford
Bntler
Cambria
Cameron
Center
Clarion
Clearfield
Clinton
Elk
Fayette
Greene
Himtingdon . .

.

Indiana
Jefferson
Lawrence
Lycoming
McKean
Mercer
Somerset
Tioga
Venango
Washington. ..

"Westmoreland

.

Small mines. ..

1891.

,640,609
484, 000
129, 961
389, 257
237, 626
68, 697

211,647
, 932, 973

Total

Net increase.

526,753
479, 887

, 143. 382
130, 802
973,600

, 782, 573

269, 021
456, 077

, 160, 614
164, 669

15, 345
526, 220
480, 194
,010,872

, 606, 158

, 967, 493
, 000, 000

42, 788, 490

486, 317

Total
product.

Short, tons.

6, 309, 199

583, 519
140, 835
552, 461
259, 224
57, 708

145, 729
3, 086, 554

496, 521
569, 333

6, 876, 785
98, 242

731, 575

7, 260, 044

333, 855
514, 463

3, 706, 329
216, 561
20,515
21,282

420, 145
509, 610
999, 784

2, 903, 235
8, 791, 068

1, 000, 000

3, 906, 086

Short tons.

6, 663, 095
561, 039
350,095
501, 507
177, 902
42, 739

150, 0J6
3,282,467

458, 056
551,158

6, 148, 758
94, 582

634, 165

6, 261, 146

Increase.

Short tons.

263, 896

9,260

10,287
195, 913

303, 547
380, 666

3, 885, 196
196, 736
53, 192
19, 169

499, 651
532, 688

962, 248

178, 867

32, 677

79, 506

23, 078

3, 315, 146 I

7, 43H, 760 .

800,000 I.

411,911

Decrease.

Short tons.

22, 480

50, 954
81,322
14, 969

.38, 465
18,175

728, 027
3,660

97, 410
998, h98

30, 308
133, 797

19, 825

"2,'ii3

37, 536

1,351,308-
200, 000

44, 070, 724
|

1, 205, 395 I 3, 829, 247

2, 623, 852

Allegheny county.—Coal produced in 1893, 6,063,095 short tonsj spot

value, 15,481,787.

Allegheny county advanced from fourth to second place in the

quantity of coal produced, having an increase in product over 1892 of

263,896 short tons, and in spite of a decrease of $306,296 in the value,

retains also second place in that regard.

Coal product of Allegheny county, Pennsylvania, since 1884.

Tears.
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making the average for the year 9 cents lower than in 1892. Many
mines closed down, and while a larger number of men were on the rolls,

the average time made was considerably less than in the preceding

year.

Armstrong county.—Coal produced in 1893, 561,039 short tons; spot

value, $120,886.

The product of Armstrong county in 1893 was 22,180 tons less than

in 1892, the value decreasing $16,271. The average price per ton has

remained tlie same for three years. As was usually tlie case, the num-

ber of employes was more and the average working time less, than in

1892.
Coal 2)roduct of Armstrong county, Pennsylvania, since 1884.

Tears.

1884
1885
1880
1887
1888
1889
1890
1891
1892
1893

Short tons

170,

139,

2]0,

235,

226,

289,

380,

484,

583,

561,

Value.

$210, 067
275,011
367, 906
443, 160

426, 886

Average
price per

ton.

$0.73
.72
.76
.76
.76

Number
of days
active.

251
230
246
214

Number
of men

employed.

459
661
805
964

1,080

Beaver county.—Coal produced in 1893, 1 50,095 short tons ; spot value,

$146,390.

Beaver county was one of the nine counties whose output in 1893 was

more than in 1892, the increase being 9,260 short tons. The increase

in value was less in proportion, due to a decline in the average price

per ton from $1.01 to 98 cents.

Coalproduct of Beaver county, Pennsylvania, since 1884.

Tears.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

156, 695
184,631
208, 820
197, 863
63, 900
93, 461

139, 117
129, 961
140, 835
150, 095

Value.

$110,604
145, 946
130, 051
142, 174
146, 390

Average
price per

ton.

$1.18
1.05
1.00
1.01
.98

Number
of days
active.

251

201i
210
215

Number
of men

employed.

162
205
228
323
318

Bedford county.—Coal produced in 1893, 501,507 short tons; spot

value, $371,499.

Bedford county's product decreased in 1893 50,954 short tons, with

a decrease in value of $79,198, and a decline in price from 82 to 74 cents.

The decrease is attributed to the financial disturbance.
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Coal product of Bedford counly, Pennsylvania, since 1SS4.

Years.
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Butler county.—Conl produced in 1893, 156,010 short tons ; spot value,

$125,637.

The product of Butler (fouuty was 10,287 short tous more than in 1892,

though the value decreased $10,181.

Coal product of Butler county, Pennsylvania, since 1884.

Tears.
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Tlie product of Center county in 1802 was 400,521 sliort tons, valued

at $307,335, sliowin.n" a decrease of 38,405 tons, and $53,141 in value.

The average price declined from 70 to 75 cents per ton.

Coal product of Center county, Pennsylvania, since ISSi.

Years.

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

216,422
373, 504
313,383
508, 255
382, 770
395, 127
452,114
520, 753
490, 521

458, 056

Value.

$311,544
356, 121
397, 451
397, 335
344, 194

price per
ton.

Number
of days
active.

230
200
181
193

Number
of iiK^n

employed.

750
623
823
767
743

Clarion county.—Coal produced in 1803, 551,158 short tons; spot

value, $308,384. The product of Clarion county was 18,175 less than

in 1802, the value decreasing $20,003.

Coal xrroduct of Clarion county, Pennsylvania, since 1884.

Years.
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Clinton county.—Coal produced in 1893, 94,582 short tons; spot value

$70,792.

The output of Clinton county is from one mine. In 1893 the product

was 3,660 short tons. The price declined from $1.01 to 76 cents, the

total decrease in value being $28,416.

Coal product of Clinton county, Pennsylvania, since ISSS.

Tears.
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Fayette county in connection with Westinoroland county form what
is known as the Counellsville colie region. Tlie decrease in the amount
of coal made into coke in tliis fiekl during 1893 as compared with 1892

was nearly 3,000,000 tons.

Huntingdon eounty.—Coal produced in 1893, 303,547 short tons; spot

value, $228,432. The county's output decreased 30,308, or about 9 per

cent., from 1892. The average iirice did not change.

Coal product of Huntingdon countij, Pennsylvania, since 1884.

Tears.
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Press rei:)orts state that near Glen Campbell, in this county, parties

liave been quietly at work looking for coal where it was predicted

there was none. However, the prospectors went ahead, and, it is

claimed they have been rewarded by the discovery of a 5-foot seam of

coal of good quality, and that arrangements for mining the same have
been made.

Jefferson county.—Coal produced in 1893, 3,885,196 short tons; spot

value, $2,863,049.

Jefferson county is fifth in the State in its production of coal. In
1893 the product was 178,867 short tons more than in 1892, though due
to the bad trade conditions the value decreased $143,568. The price

declined from 81 to 74 cents.

Coal product of Jefferson county, Pennsylvania, since 1S84.

Tears.



COAL. 375

increased from $23,03G to |G4,910. The output in 1892 was tlie first

reported from this county.

McKean county.—Coal produced in 1893, 19,1G9 short tons; spot

value, $21,080.

The product is from one mine and is used principally by locomotives

of the Western !N"ew York and renusylvauia railroad.

Product of coal in McKean county, Pennsylvania, since 1875.

Tears.
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S-omerset county.—Coal produced iu 1893, 532,688 short tons; spot

value, $335,385.

The pi'oduct of Somerset county in 1893 was the largest iu its his-

tory, being 23,078 short tons more than in 1892. The value, however,

decreased $11,320, and was less than in any year since 1889.

Coal product of Somerset county, Pennsylvania, since 1884.

Tears.
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Coal product of Washington county, Pennsylvania, since 18S4.

Years.
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The State lias taken steps to discontinue the leasing of convicts after

the present contracts expire, which will be in 1896. To this end the

authorities have purchased several thousand acres of coal land in

Morgan county, with the intention ofemploying the convicts in mines of

its own. This will take the convicts away from direct association and

competition with the free labor, but the product of their (the convicts')

labor will still be put upon the market in competition with the product

of the other mines of the State, and, while this arrangement may be

some improvement over the lease system, it seems doubtful if it will

prove entirely satisfactory. The State will be able to dispose of its

coal at prices lower than that from other mines, and unless means are

adopted to maintain a price in keei)ing with the market value there is

likely to be trouble. The plan is worth trying, however, and the

results will be looked for with interest.

The following tables show the statistics of coal production in Ten-

nessee for 1892 and 1893, by counties

:

Coal iwoduct of Tennessee in 1892, "by counties.

Counties.
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Iti the following table is shown tlie total procluction by counties, since

1889, with the increase aiul decrease in each county during 1893 as

compared with the preceding year. It will be observed that in only

four counties was there an increased output, while in eight the product

decreased:
Coal iwodiict of Tennessee since ISSO, hy counties.

Coniiliefl.
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Bledsoe county.—Coal miues are being developed in Bledsoe county,

but bad not reacbed tbe point of producing coal for market at tbe close

of 1893.

Campbell county.—Coal produced in 1893, 202,503 sbort tons; spot

value 1328,897.

Camiibell county, Tennessee, witb Wbitley county, Kentucliy, form

wbat is known as tbe Jellico coal field. Tbe product is well and favor-

ably known for its steam-raising qualities, and is popular as a domestic

fuel. Large quantities are sbipped to Brunswick and Savannah, Geor-

gia, and otber seaports, for steamer fuel.

Coal product of Campbell county, Tennessee, since 1889.

Tears.

1889
1890
1891
1892
1893

Short tons.

123, 103
126, 367
109, 937
289, 605
262, 503

Value.

$146, 610
153, 790
203, 729
346, 980
328, 897

Average
price per

ton.

$1.15
1. 22
l!27
1.19
1.25

JSTuinber
of clays
active.

212
145
213
175

Number
of men

employed.

393
251
451
732
936

It is reported tbat a combination has been effected among tbe pro-

ducers of tbe Jellico coal field, putting all tbe miues under one manage-

ment. Arrangements bave also, it is reported, been made witb tbe

Louisville and Nasbville railroad for a reduction in freigbt rates on

Jellico coal, wbicb will enable tbe producers to sbip it to Cbicago and
otber Western points for special uses.

Claiborne county.—Coal produced in 1893, 181,530 sbort tons; spot

value, $163,447. Claiborne county began producing coal in 1891, wben
73,738 sbort tons, valued at $87,624, were mined. In 1892 tbe output

increased to 137,219 sbort tons, valued at $142,754; and, as predicted

in tbe last report, tbe product in 1893 sbows a still furtber increase to

181,530 tons, a gain of 44,311 tons or about 32 per cent. Notwithstand-

ing tbis evidence of prosperity tbe largest producing company bas been

placed in tbe bands of a receiver.

Franldin county.—Tbe output is from one mine at Sewanee. Tbe

production varies very little from year to year. About balf tbe product

is consumed locally, supplying tbe University of tbe South at Sewanee

and tbe residents in tbe vicinity.

Grundy county.—Coal produced in 1893, 294,013 sbort tons; spot

value, $305,774.

The product of Claiborne coal was 64,010 short tons less than in

1892, witb a decrease in value of $82,632. Tbe entire product of tbe

county is from tbe Sewanee miues of tbe Tennessee Coal, Iron, and

Eailroad Company.
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Coal product of Grundy county, Tennessee, since 1SS9.

381

Years.
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Morgan county.—Coal produced in 1893, 78,190 short tons; spot value,

$83,542.

In 1893 tlie product of Morgan county was greatly reduced by strikes,

and the shutting down of iron mills restricted the product in 1893,

which, however, was 43,220 tons more than in 1892.

During 1893 the State authorities purchased 9,000 acres of coal laud

in Morgan county, the object being to use the State convicts in mining

the coal. The contracts now existing between the State and the coal

companies leasing convicts expire in 1896. It is proposed upon the

expiration of these leases that the State will employ all the convicts in

its own mines and thus, it is hoped, prevent the recurrence of the riots

which have from time to time brought the coal regions of Tennessee

into uux3leasaut notoriety.

Coal product of Morgan county, Tennessee, since 18S9.

Tears.

1889
1890
1891
1892
1893

Total
procluut.

Short tons.

68, 229
143, 518
125, 287
34, 970
78, 190

Total
value.

$91, 511
158, 243
135, 202
47, 250
83, 542

Average
price per

ton.

$1.34
1.10
1.09
1.36
1.07

Number
of days
active.

258
250
148
Vi24

Total
employ 68.

135
363
363
156
272

Rliea county.—Coal produced in 1893, 96,531 short tons; spot value,

$86,151.

The product of Ehea county decreased 36,893 short tons, as compared

with 1892, and the average price having declined from $1 to 89 cents

the value decreased $47,273.

The Fox Coal and Coke Company, which has been in litigation and

not producing for several years, resumed operations in March, but until

August the work was confined to developing the property, and ship-

ments were rather limited after that time, as the develoijment work was
not fully completed before the end of the year.

Coal product of Ehea conntij, Tennessee, since 1S89.

Tears.
Total

product.
Total
value.

price x)er

ton.

Number
61' days
active.

Total
employes.

1889
1890
1891
1892
1893

Short tons.

149, 194
211, 465
213, 649
133, 424
96, 531

$164,118
211,465
213, 649
133, 424

80, 151

$1.10
1.00
1.00
1.00
.89

200
250
307
295

475
450
350
175
245

Roane county.—The product of Eoane county decreased from 102,588

tons in 1892 to 39,554 tons in 1893, a loss of over 60 per cent.
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8cott county.—Coal produced in 1893, 157,980 sliort tons; spot value,

$220,800.

The product of Scott county decreased from 189,230 tons in 1892 to

157,980 tons, a loss of 25,250 short tons. Operators generally report

unsatisfactory business, but the returns show a higher comparative

value in 1893 than in 1892.

Coal product of Scott county, Tennessee, since 18S0.

Tears.
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Coal product of Texas since 18S9,

Distribution.
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two benches, separated by a seam of slate from 6 to 18 inches thick.

In all of the drifts and tunnels, the lower bench, which is the softer

coal, will average from 30 to 40 inches thick, and the upper bench,

which is the harder coal, will average about 82 inches. In places, this

widens out to 6 feet or more. The seam is covered with an excellent

hard roof of slate, and the parting is not so thick but that both benches

can easily be mined together.

"Below is given the result of what is considered an average analysis

of the two benches

:

Analysis of coal from Presidio county, Texas.
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UTAH.

Total product in 1893, 413,205 short tons; spot value, $611,092.

Utah's output in 1893 was the largest ever obtained, being 52,192

short tons, or nearly 15 per cent, more than in 1892. The increased

production brought increased competition, and the average price

declined from $1.56 to $1.48 per ton, but this decline was offset by an

increase in the average tonnage per day for each employe. The total

number of employes decreased from 646 in 1892 to 576 in 1893, and the

average working time, from 230 to 226 days.

Emery county is the principal producer, yielding in 1893 nearly 87

per cent, of the total output of the Territory. Summit county produced

about 12J per cent, and the other one-half of 1 per cent, was produced

by Morgan and San Pete county for local trade.

The following tables show the statistics of production during 1892

and 1893, by counties

:

Coal product of Utah in 1892, hy counties.

Counties.
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VIRGINIA.

Total product in 1893, 820-339 short tons; spot value, $692,748.

The output of coal in Virginia in 1893 was the largest since 1889,

when 865,786 short tons were produced. The increase over 1892 was
145,134 short tons, with an increase in value of $114,319. The increase

was due almost entirely to the developments of the Wise county coal

field on the Clinch Valley division of the Norfolk and Western railroad.

The output in Wise county was 126,216 short tons, this being the first

product reported from the county, although above 2,000 tons taken out

in the fcourse of developing the mines were shipped out of the county
during December, 1892. This item was not included in the product of

that year.

There was also a slight increase in the output of Tazewell county,

from 614,333 tons in 1892 to 653,374 tons in 1893.

The following tables show the statistics of production during 1892

and 1893 by counties.

Coal product of Virginia in 1892, hy counties.

Counties.
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The total production of coal iii Virginia since 1880 has been as fol-

lows:
Coal product of Virginia since 1880.

Tears.

1880
1881
1882
1883
1884
1885
1886

Short tons.

112, 000
112, 000
112, 000
252, 000
336, 000
567, 000

684, 951

Tears.

1887
1888
1889
1890
1891
1892
1893

Slinrt tons.

825, 263

1, 073, 000
865, 786
784, Oil
736, 39S»

075, 205
820, 339

TV^ A S H IN G T O 2ir .

Total product in 1893, 1,264,877 short tons; spot value, $2,920,876.

By an increase over the outi)ut in 1890 of a little more than 1,000

tons, Washington attained its largest production of coal in 1893.

The increase over 1892 was 51,450 short tons. The average price

per ton was advanced from $2.28 to $2.31, increasing the total value

$157,329. The increased production was due to the extended develop-

ments in some of the old mines in King and Pierce counties, and the

opening of some new ones, mention of which was made in the report

for 1892. The output in Kittitas county decreased, and no product

was reported in Thurston county.

The mines of the State gave employment to 2,757 men during 1893,

against 2,564 in 1892, and were operated an average of 241 days, as

compared with 247 days in 1892.

The following tables exhibit the statistics of xDroduction during 1892

and 1893, by counties

:

Coal product of Washington in 1892, iy counties.

Counties.
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Coal product of Wanhmfiton in ISO", hi) counties.

Counties.
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The annual product since that time has been as follows:

Product of coal in WasliUujton dnce 1SS5.

Years.
Total

product.
Totalvalue.

Average
price per

ton.

Total em-
ployes.

Average
number of

clay.s

worked.

188.5

1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

880, 250
423, 525
772, 601

1, 215. 750
1, 030, 578

1, 263, 689
1. 056, 249
1,213,427
1, 264, 877

$952, 931

1, 699, 746
3, 647, 2.50

2, 393, 238

3, 426, 590
2, 437, 270
2, 763, 547

2, 920, 876

2.19
3.00
2.32
2.71
2.31
2.2S
2.31

1,571

2,657
2.206
2,447
2, 564

2,757

270
211
247
241

King county.—Coal produced in 1893, 577,731 short tons; spot value,

$1,284,684.

Compared with 1892, the product of King county shows an increaeo

of 69,264 short' tons in quantity and $56,422 in value. The average

price declined from $2.42 to $2.22. The increased product is due

largely to extensive improvements in the mines of the Oregon Improve-

ment Company at Franklin and Newcastle, and would have been some-

what larger still but for a fire in the airway of the Franklin mine, causing

a suspension of operations for about forty days. The new mines were

opened at Palmer on what is claimed to be an excellent grade of cannel

coal, but had produced only about 150 tons of coal at the close of 1893.

The veins promise well, however, and it is expected that the product

in 1894 will be of considerable importance.

Coal product of King county, Washington, since 1S87.

Tears.

1887
1888
1889
1890
1891
1892
1893

Total
product.

Short tons.

339, 961
546, 535
415, 779
517, 492
429, 778
508, 467
577, 731

Total
value.

$954, 295

1, 352, 920

1, 009. 278
1, 228, 262

1, 284, 684

Average
price per

ton.

$2. 55
2.61
2.35
2.42
2. 22

Total
employes.

1, 220

1, 098

1, 285
1,296
1, 256

Kittitas county.—Coal produced in 1893, 253,467 short tons; spot

value, $653,922.

The product of Kittitas county is from the Eoslyn mines, operated

by the I^orthern Pacific Coal Company. The output in 1893 was 31,621

short tons less than in 1892, wkile tke value showed an increase of

$81,307.
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Coal product of Kittitas county, Washington, since 1887,

Yeara.
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of the road is in coutemplation, wliicli will open up some valuable coal

lauds in Ealeigh county.

Whether, in the face of the present condition of the coal trade, i. e.,

a general overj^roduction and demoralized prices, with consequent low
wages and strikes, the develoi)ment of new coal fields is a wise thing

to do may be questioned. Our mines as now developed are well able to

supply all the demand that may be put upon them, and in order to

maintain prices that will allow a fair remuneration to the miners it

would appear wiser to keep the production within the limit of the

market rather than to add to the supj)ly.

West Virginia's product in 1893 passed the 10,000,000-ton mark, and
amounted to nearly 9 per cent, of the total output of the bituminous
coal mines in the United States. But in order to reach this large figure

the coal had to be taken to markets previously supplied by otherregions.
These markets lie in the West, and in order to find sale reductions in

prices were made. The two great regions in the southern part of the

State, the Pocahontas and the New river and Kanawha river fields,

were in active competition with each other, in addition to the rivalry

of other sections. In order to augment the western shipments over its

line the Chesapeake and Ohio railroad reduced the freight rates over
its line from the Kanawha field to Cincinnati 15 cents a ton. All of

these conditions helped to increase the production, but the activity was
not a healthy one. The output of each county in both fields, except

Ealeigh, on the Chesapeake and Ohio, and Mercer, on the Norfolk and
Western, increased, but with what result? The price declined from 84

cents to 80 cents in Fayette county, from 92 cents to 86 cents in

Kanawha county, from 74 cents to 70 cents in McDowell county, from 76

cents to 69 cents in Mercer county, and from $1.11 to $1.01 in Putnam
county. The latter part of the year found the market glutted with

coal. A proposition was made by the operators to their miners to

accept a reduction of 10 cents per ton for mining or to close down the

mines. This offer was accepted. Other mining regions were similarly

affected, a general reduction in wages being made. The arrangement
worked satisfactorily for awhile, but at the opening of 1894 some of the

miners demanded a return to their old wages, a demand to which, on
account of the state of the market, the operators were unwilling, if not

unable, to accede. Several local strikes occurred along the Kanawha,
and riots were frequent. These strikes were settled, but in April of

1894 the United Mine Workers' Association at Columbus, Ohio, ordered

a general strike for a return to the old rate. This strike, however,

affected other regions more seriously than the West Virginia fields, as a

number of the mines are operated by unorganized labor, the Pocahontas
region not being included in the strike at all. The New river and
Kanawha men were also rather lukewarm at first, having seen by their

own troubles that a recovery of old rates at that time was not practica-
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ble. Most of these were, however, liiially persuaded or intiinidate<l

into joining the strikers, and for some time only a few river mines, and

those on Louj) creek, have been in operation. At tlie time of writing

this report the miners who did go out are rei)orted to be returning to

work, or are willing to do so if protected from bodily harm from their

more beligerent fellows. The conflict at present has settled down to a

question of principle, neither side seeming inclined to yield.

Considering the i^roduction in West Virginia by counties during

1892 and 1893, it will be seen that (not including Grant, Barbour,

Logan, and Eandolph counties, reported in 1893 for the first time) the

product in nine counties increased, while in eight it decreased. The
average price per ton, however, shows a decrease in thirteen counties,

an increase in three, and in one it remained the same.

The following tables show the statistics of production in 1892 and

1893, by counties

:

Coal product of West Virginia in 1892, ly counties.

Counties.
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Coal product of West Virginia in 1893, by counties.

Counties.
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Coal jyroduct of West Virginia from 1886 to 1893, hy counties—Continued.

[Short tona.]

Coujrties.

Brooke
Fayette
Harrison
Kanawha
McDowell
Marion
Marshall
Mason
Mercer
Mineral
M onongalia
Ohio
Preston ,

Putnam
Ealeigh
Taylor
Tucker ,

Other counties and small

Total.

33, 950

2, 307, 421

150, 522

1, 324, 788
1, 267, 136

1, 000, 047
193, 703
159, 990

1,172,910
693, 574
31, 000
90, 600

140, 399
94, 230

101,661
358, 734

100, 000

9, 220, 665

1892.

26, 521

2, 455, 400
221, 726

1, 317, 621

1,696,975
919,704
118, 974
159, 644

1, 191, 952
582, 402
48,900

120, 323
98, 006
89, 886
95,824

115, 145
359, 752

120, 000

9, 738, 755

1893.

32,

2, 652,

193,

1, 440,

2, 166,

1, 062,

158,

153,

995,

653,

38,

80,

82,

209,

92,

78,

476,

133, 934

10, 708, 578

Increase
in 1893.

6,379
197, 460

128, 631
469, 503
142, 630
40, 023

70, 623

119, 995

lie,' 620

13, 934

969, 823

Decrease
in 1893.

28, 094

6,011
196, 524

10, 300

39, 713
15, 334

3,494
36, 505

The total product of tlie State since 1873 has been as follows:

Coal i^roduGt of West Virginia since 1873.

Years.
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Barhour eomity.—Barbour county produced 5,284 short tons in 1893,

valued at $4,718. About 80 per cent, of the product was used by rail-

road locomotives, the other 20 per cent, being sold to local trade. This

was the first coal i^roduct reported from 13arbour county.

Broolic county.—Coal produced in 1893, 32,900 short tons 5 spot value,

$29,015.

Production in Brooke county during 1892 was somewhat restricted

on account of a strike in the mines of Forbes, Carmichael & Company
at Short Creek. The product in 1893 resumed the usual amount.

Coal 2}roduct of Broolce county, West Virginia, since 18S6.

Years.

1886
1887
1888
1889
1890
1891
1892
1893

Total
product.

Short tons.
22,880'

40, 366
11, 568
31, 119
36, 794
33, 950
26, 521
32, 900

Total
value.

$37, 394

22, 828

28, 520
28, 000

25, 029

29, 015

Average
price

per ton.

$0.94

'."73"

. 7T;V

!82|

Total
empIoy68.

Fayette county.—Coal produced in 1893, 2,652,860 short tons 5 spot

value, $2,120,758.

Fayette county is the largest coal-producing county in the State,

having in 1893 an output nearly 500,000 tons greater than McDowell
county, which comes second. The output of Fayette county in 1893

shows an increase of 197,460 short tons over 1892, though the increase

in value was only $57,481. This decrease in value was due to a cut in

prices in order to meet the comx^etition at the seaboard of Pocahontas

coal.

The principal feature of the coal industry of Fayette county was the

development of the Loup Creek coal field, which, though having a

small output in 1893, will prove an important factor in the future. A
brief description of this field will be found on page 403.

Coal product of Fayette county, West Virginia, since ISSG.

Tears.
Total

product.
Total
value.

Average
price

per ton.

Total
employ6s.

1886
1S87
1888
1889
1890
1891
1892
1893

Short tons.

1, 413. 778

1, 252, 427
1,977,030
1,450.780
1,591,298
2, 307, 421

2, 455, 400

2, 652, 860

$1, 127, 184

1,302,438
1, 438, 612
1,958,016

2, 073, 277

2, 120, 758

3,030

2,044
2, 824
3. 823
4,102
4,487

Harriso7i county.

-

value $128,828.

-Coal produced in 1893, 193,632 short tons; spot
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The industrial deprcssioii in 1893 was the cause of a decreased coal

product in Harrison county of 28,094 short tons, a decline in price

from 77 to 67 cents per ton and a total decrease in value of $42,043,

Coal lyroduct of Harrison county, West Virginia, since 1SS6.

Years.
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ova, to men wlio have heretofore been coal operators in Peunsyvania

and other States. One of these lessees, '' The Pearl Mining Company,"

the principal men of which are Messrs. McOafterty & Morrison, of

East Brady, Pennsylvania, will be the first to ship coal from this field.

Their mine is now open and their tipple ready for use. They are only

awaiting the completion of a short spur from the Norfolk and Western

to begin the shipment of coal. In a letter to the writer, under date

of June 20, 1893, these gentlemen say: ' TVe are opening our mines on

the double entry system, with a view, in the future, of putting in rope

haulage. Our mine going under the right-hand mountain is now about

in 600 feet, and the one under the left-hand mountain, about 200 feet.

This second entry will parallel the main entry driven on the face of

the coal under the right-hand mountain, and this, when driven up will

complete the double-entry system in that mine. We are anxiously

awaiting the completion of the switch. As soon as it is completed we

will be ready to ship coal, and will push our work so as to increase our

output very rapidly. We expect to be shipping 10 cars per day in three

months from the time the switch is completed, and 30 cars per day in

one year from that time.'

"There are several coal beds above water level at Dingess, but the

one in which mining operations will begin is that known in the Kanawha

region of West Virginia and in the Cincinnati markets as the Campbell

Creek coal; standing in those markets on an even footing and selling

interchangeably with the Youghiogheny (or Pittsburg) coals of Penn-

sylvania. This coal is found near the center of the Middle Coal Meas-

ures, and is known in Pennsylvania as the Lower Kittanning. It is

known in the Kanawha valley, at different mines, under the names of

Campbell Creek, Peerless, Coal Valley, Hawk's Nest, etc.

"As mined at Dingess this coal bed appears in 3 benches with 2 thin

slate partings, and having a thickness of 56 inches. An analysis of

samples of this coal, by its benches, was recently made by Dr. Henry

Froehling, the well-known analyst of Eichmond, Virginia, with the

following results

:

Analysis of Logan county, West Virginia, coals.

Upper bench .

.

Middle bencli .

Lower bench.

.

Average

Moisture
at 212°.

Per cent.

1.30
1.15
1.22

1.22

Vol. comb,
matter.

Per cent.

41. il
43.15
39.88

41.50

Mxed
carbon.

Per cent.
54.78
53.31
55.65

54.58

Ash.

Per cent.

2.45
2.39
3.25

2.60

Sulphur.

Per cent.

0.805
0.605
0.688

0.

"Messrs. McCafferty & Morrison write: 'We are highly pleased with

the result of these analyses. They fully confirm the opinion we have

steadily held to as to the quality of this coal. It is second to none

for all purposes except coke, and in that the deficiency is not in quality
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but rather in quantity. The high percentage in volatile matter cuts

down the percentage of coke. For steam, gas, and domestic purposes,

it has few equals and no suj)eriors. The low percentage in ash is remark-

able.

"This is a superior block or splint coal, one having a very bright

and shining fracture, and solid structure, and that will bear shipment

for almost any distance without breaking up. It is aft'ected but little

by the weather, so it is well suited for stocking. In Cincinnati and
other Western markets it is the coal that is most in demand for gas

making, steam producing, and domestic purposes. The writer is con-

fident that the amount of coal sent from the Logan field before the

expiration of another year will be quite an important item in the

transportation of the Norfolk and Western, and in the coal trade of

the country."

McDowell county.—Coal produced in 1893, 2,166,478 short tons; spot

value, $1,526,598.

The product in 1893 was 469,503 short tons, or over 25 per cent., more
than in 1892, due to the bringing in of the output of a number of new
mines opened in 1892, and of which mention was made in the preceding

report. Two more mines were ojjened in 1893, and a continued increase

in product may be expected. At the time of writing this report the

mines in the Pocahontas field, embracingMcDowell and Mercer counties,

West Virginia, and Tazewell county, Virginia, have not participated

in the general strike, and are running to their utmost capacity to supply

the demand for coal. The product for 1894, therefore, will probably be
of unusually large proportions.

Coal product of McDoivell county, West Virginia, since 1889.

Tears ^°*8l
^®^^^-

product.
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new plant is a great improvement over the one destroyed, tlie machin-

ery being said to be the strongest in the Upper Monongahela valley.

Coal 2)roduct of Marion county, West Virginia, since 1SS6.

Tears.
Total

product.
Total
value.

Average
price per

ton.

Total
employfis.

1886
1887
1888
1889
1890
1891.

1892
1893

Short tons.

172, 379
365, 844
3C3, 974
282, 467
455, 728

1, 000, 047
919, 704

1, 062, 334

$312, 675

199, 692
313,505
705, 853
682, 111

742, 616

590

71
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Mercer county.—Coal produced in 1893, 995,428 short tons; spot

value, $690,490.

Mercer county forms a part of the celebrated Pocahontas field. Its

output in 1893 was less than 1892 by 195,524 short tons. The value

fell oft' over $225,000, due to a reduced price in a competitive market.

Coal product of Mercer county, Weal Virginia, since 1886.

Tears.
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Coal product of Ohio county, West Virginia, since 1887.

Tears.

1R87

1888
1889
1890
1891
1892
1893

Total
product.

Short tons.

131, 936
140,019
143, 170
103, 586
90, 600

120, 323
80, 610

Total
value.

$145, 130

126, 909
100, 017

70, 553
119, 660
66, 269

Average
price per

ton.

$1. 10

.88*

.97'

.78

.99

.82

Total
employes.

204
153
131
222
135

Preston county.—Coal produced in 1893, 82,672 short tons; spot

value, $57,131.

The production of coal in Preston county has shown a decreasing

tendency for several years. The decrease is attributed to the construc-

tion of new lines of railroad which brought coke from other sections in

the territory formerly supplied entirely by this county.

Coal product of Freston county, West Virginia, since 1886.

Years.

1886
1887
1888
1889
1890
1891
1892
1893

Total
product.

Short tons.

170,721
276, 224
231, 540
129, 832
178, 439
140, 399

98, 006

82, 672

Total
value.

$86, 024
127, 803

89, 829
66, 072
57, 131

price per
ton.

0.66
.73
.64
.67

Total
employes.

239
337
304
170
200

Putnam cotm%.—Coal produced in 1893, 209,881 short tons; spot

value, $211,556.

Low water in the Kanawha river in 1892, and a long strike in 1891,

reduced the product of Putnam county in both those years. In 1893

the product regained its normal amount, and with favorable trade con-

ditions is likely to increase.

Coal product of Putnam county. West Virginia, since 1887.

Tears.
Total

product.
Total
value.

Average
price per

ton.

Total
employes.

1887
1888
1889
1890
1891
1892
1893

Short tons.

53, 200
145, 440
218, 752
205, 178
94, 230
89, 886

209, 881

$244, 203

198, 269
112,282
99,715

211, 556

$1. 12
.97

1.19
1.11
1.01

200

451
'375

526
483
520

Raleigh county.—One mine opened in 1892 produced 92,330 short

tons in 1893; 3^494 tons less than in 1892, The Chesapeake and Ohio
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railroad is contemplating building a branch line to open up other val-

uable coal fields in the county.

Randolph county.—Two mines were opened in Eandoli)h county, only

one of which produced any coal in 1893. The output was 1,494 short

tons.

Taylor county.—The product of Taylor county decreased from 115,145

short tons, valued at $70,049, in 1892 to 78,460 short tons, valued at

$45,968, in 1893.

Coal product of Taylor county, West Virginia, since 1S87.

Tears.
Total

product.
Total
value.

Average
price per

ton.

Total
employ6a

1887
1888
1889
1890
1891
1892
1893

Short tons.

168. 000
55, 729
83, 012
7G, 618

101, 661
115, 145
78, 640

$52, 725
58, 159

61, 488
70, 049

45, 968

$0. 63i
.76

.60i

.61

.58

225

108
118
128
105

TucJcer county.—Goal produced in 1893, 476,372 short tons; spot

value, $338,126.

The product in 1893 exceeded that of 1892 by 116,620 short tons, with

an increase in value of $84,631.

Coal product of Tuclcer county, West Virginia, since 1886,

Tears.
Total

product.
Total
Value.

Average
price per

ton.

Total
employes.

1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

22, 400
24, 407
62, 517

173, 492
245, 378
358, 734
359, 752
476, 372

$19, 526

120, 574
186, 641
231, 301
253, 495
338, 126

.69^

.76

.64i

.70

.71

100

229
353
550
525
675

THE LOUP CREEK, WEST VIRGINIA, COAL FIELD, (a)

The Loup Creek coal field is so called from the creek of that name
which runs through it and empties into the Siew river opposite the

station of Thurmond. This new coal-producing territory lies entirely

within Fayette county. The seam, which is an extension of the Sewell

seam, outcrops on the north side about 6 miles from the mouth of the

creek, and at an elevation above sea level of about 1,400 feet. A
remarkable feature of this portion of the New river coal field is the

a For mucli of the information contained in tLLs brief notice the writer is indebted to Mr. Louis

W. Atkinson, of Thurnaoud, West Virginia, who, as mining engineer for most of the companies in the

field, was able to give accurate data concerning its development, etc. Tbe map and section aocompajiy-

ing the report were prepared by Mr. Atkinsoij,
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regularity of tlie stratification, wliicli is notably free from faults and

distortions. The coal seam has a gradual dip to the southeast of 3

feet in 100, and this inclination is very regular throughout the field.

The thickness of the seam averages about 5^ feet, widening in

places to 6 feet 3 inches, and only in occasional places where rolls are

encountered does it become less than 5 feet in thickness. From the

regularity of the coal and the nature of the strata contiguous to it, this

seam is believed by some to be the same as that of the Pocohontas Flat

Top field. In some places there appears a band of coal rather higher

in sulphur, extending from 8 to 18 inches ft'om the top of the coal. This

is termed, when encountered, the " sulphur baud." In mining, the miner

digs into the seam, just below this baud, the charge of power is put in

near the bottom of the seam, and the coal "shot" up. The sulphur

band is then pulled down. It is not mixed with the other coal, but is

kept apart and shipped in separate cars. Some of it is sold to farmers in

the vicinity for domestic purposes. The conditions for mining are gen-

erally favorable. The miner is able to do most of his work in an

upright position, and the regularity of the thickness and of the dip of

the seam enables the mines to be run on systematic principles with refer-

ence to "centers" and drainage. The field is reached by a branch of

the Chesapeake and Ohio railroad following the course of the creek,

the New river being crossed by a substantial iron bridge of three

spans.

There are at present (June 1, 1894) five companies operating in the

field, whose development work was carried on throughout 1893, but

very little coal was shipped out prior to January 1, 1894. Another

company is engaged in opening a drift, and several other leases are in

contemplation. With one exception, that of the Star Coal and Coke

Company, all of the coal lands are leased on a royalty of 10 cents per ton

of coal mined. Miners are paid at the rate of 55 cents per miner's car,

with "yardage " of $1 per yardin addition for entry work. The methods

of working each mine, together with other data of interest connected

with each, will be considered separately.

Sarvey Coal and Colce Company.—Upon leaving Thurmond and fol-

lowing the line of the railroad along Loup creek (called also Dunn

Loop or Dun Loup creek) the first mine reached is that of the Harvey

Coal and Coke Company, 5 miles from the river. The general course

of Loup creek at this point is toward the east, the mine being opened on

the north side of the Avater course. In order to make an effective open-

ing it was found advisable to construct a tramway about 4,000 feet

around the base of a hill, thus necessitating about three-fourths of a

mile haul from entry to tipple. At present this hauling is done by

mules, but by July 1 tlie company expects to have a locomotive for

this work, which will enter the mineto the first parting (about 350 feet)

to collect cars. The general dip of 3 feet in 100 is remarkably regular

at this opening. The main entry is ma^^e on the rise of the seam so
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that the drainage is natural, and what little water collects in the mine

is bailed out by boys into cars constructed for the purpose. The main

entry is now driven in about 1,000 feet with four cross entries on the

right. Pillars of 50 feet are left in the cross entries between the

entrances to rooms, which are worked from one entry until met by the

room from the next. At the entrance to the drift the seam is about

6 feet 3 inches, including 8 inches of "sulphur band." At the heading

the sulphur band has disappeared, leaving about 6 inches of draw slate

and 6 feet of clean coal. This company's lease covers about 1,500

acres of coal land. The coal is clean and especially adapted to making

steam. Coke ovens are to be erected. The present output of the mine (on

the 1st of June) is about eight cars, averaging 25 tons of 2,240 pounds,

or 200 tons. This can easily be pushed to twelve cars, or about 300

tons, which may be stated as the capacity of the mine at present. As
development work progresses, however, the capacity will be largely

increased.

Star Coal and Golce Company.—This mine is about one-half mile far-

ther up the creek, and on the same side as the Harvey. The company
operates on its own land, and owns about 1,100 acres. The opening

at this mine is about 300 feet from the tipple. At the opening to the

main entry the coal seam is 5J feet, pinching down to 4 feet at the

heading, 1,450 feet from the opening. The thinness of the seam here

is due to the fact that the company is operating on a narrow point to

get to the bulk of their coal, which becomes thicker farther on. This

company is mining down the dip with the intention of installing a rope-

haulage plant. When this is completed, the drainage of the mine will

be accomplished either by shaft or by breaking through to daylight at

the other side. As the present operations are on a narrow point, the

cross entries are necessarily short, and may be classed as rooms. These

conditions also make the present capacity and output rather limited,

the latter being about 100 tons per day, and the former about 150 tons.

When the bulk of the coal is reached and the improvements contem-

plated installed, both of these will increase largely. In fact, the

present capacity of all the mines in the field must not be taken as a

measure of what they will be able to do by the end of the year. The
capacity of each mine may be said to increase each month as new
entries are driven and development work progresses.

The Collins Colliery Company, at Glen Jean.—This company has two
openings, known as Nos. 1 and 2, one on each side of a small branch
entering Loup creek. They are on the opposite side of the creek from

Harvey and Star, about a mile farther up the creek from the former, or

6J miles from Kew river. The company's lease covers about 900 acres.

At No. 1, which is on the left-hand side of the branch on the ascent, the

coal is about 65 inches in thickness, including 12 inches of sulphur

band, which, while not mixed with the other coal, is marketable. It

sometimes changes from sulphur to clean coal. The coal is mined on
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the rise of tlie dip. The mine is in first-class condition. It is ventilated

by a 15-foot Brazil fan, and has excellent drainage. The roof is partly

sandstone and partly slate. The main entry is now in about 900 feet,

with four cross entries on the right. The pillars are 40 feet. No cross

entries have been driven on the left side of the main entry, as by doing

so the town would be undermined.

At No. 2 there are 65 inches of clean coal with a middle stratum

noticeably harder than the rest of the seam. This is not separated

though its steam-raising quality is even better than the other. In this

mine the main entry is in 1,100 feet, with six cross entries on the right

and two on the left. It is worked on the rise of the dip and is venti-

lated by an 18-foot Brazil fan.

The present output of No. 1 is about 8 cars of 25 tons per day, which

can be pushed to 11 cars. No. 2 is producing 14 cars daily, with a

caiDacity of 19 cars. The company contemplates erecting a large tipple

connecting with both mines by rope haulage. At present there is a

tipple for each mine. Coke ovens will be erected when justified by the

amount of output.

Dunn Loop Goal and CoJce Company.—This company's property is on

the same side of the creek as the Collins, 8 miles from the river. There

are 5 feet of clean coal and 8 inches of marketable sulj)hur band. The

entry runs east 1,025 feet, slightly on the rise. The mouth of the mine is

700 feet from the tipple, connected by tramway. This was necessary for

advantageous working. When the work of this mine was first laid out

a discouraging fault was struck, but they are now out of it and the coal

is showing up better than was anticipated. The roof is of sandstone,

with 5 inches of draw slate. There are three cross entries running

from the right of the main entries to the crop line and five on the left,

one of which is short, striking the crop. The company is operating on

a lease of 917 acres. The j»resent output is about 11 cars of 25 tons

daily ; capacity, about 15 tons.

Turkey Knoh Coal and Coke Goinpany.—This company is not yet a pro-

ducer, but expects to be about July 15. It is 9 miles from the river on

the east side of the creek. The entry is only in a short distance. An
extensive plant, including coke ovens, is being erected, and the company
anticipates doing a large private shipping business, in contradistinction

to the usual custom in this field and along New river, where the coal is

purchased by the Chesapeake and Ohio railroad, which transports it to

the seaboard or other market, making its freight out of the difference

between what it pays and what it gets for the coal.

Macdonald Coal and Coke Company.—This company's property is at

the end of the branch railroad, 10 miles from the river. It is on the

east side of the creek and embraces 900 acres of coal land. The mine

is operated on the extreme rise, following the dip of the coal. The main
entry is now ifi 1,600 feet. There are three cross entries to the left of the

main entry. Daylight is tapped at four places, including the opening.
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The main entry is beiiij? double trjickecl, and active prej)arations are

making to greatly increase the capacity of the mine. There is ample
storage roonl for cars, the company having 0,800 feet of side track. The
present daily capacity is computed at 16 cars, with about 12 cars actual

output. There are 60 inches of clean coal and 12 inches of sulphur

band, which is shipped separately. The conii)any is prepared to screen

its coal and can ship three grades—lumx), nut, and slack. Work is now
being prosecuted on a narrow point in the seam and the company is just

preparing to enter the main body of coal, which makes a favorable

showing. The roof of this mine is of sandstone with slight draw slate.

WYOMING. •

Total product in 1893, 2,439,311 short tons; spot value, $3,290,904.

The output in 1893 was 64,528 short tons less than in 1892. This

decrease was due to a restricted product in Carbon county. The pro-

duction of Carbon county in 1892 was larger than ever before, but

prices were demoralized. In 1893 the output was decreased over

100,000 tons and prices improved so that the value in Carbon county

was larger than in 1892, and affected the State's total similarly.

The following tables show the statistics of production during 1892

and 1893, by counties:

Coal product of Wyoming in 1892, ly counties.

Counties.
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Ill the following' table is shown the total productiou of coal in Wyo-
ming since 1868

:

Coal product of Wyoming since 1868.

Tears.
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Coal product of Convarse county, IFyoming, since 1SS8.

409

Tears.
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Prior to 1888 the total output of the county was from the Rock

Springs mines of the Union Pacific Coal Company. The total output

since 1888 has been as follows

:

«

Coal ])rodiiot of Siveeiwater county, Wyoming, since 1S88.

Tears.
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Weston county.—Coal produced iu 1893, 310,000 short tons; spot value,

$466,359.

The only mines operating in Weston county on the Antelope and
Jumbo collieries of the Cambria Mining Company. These mines are on
a broad plateau on the southwestern border of the Black Hills, and
about 5,500 feet above sea level. They are drift mines, being entered

from the side of the hill. The coal from both mines is delivered at a

common tipple in the middle of the caiiou. The coal is brought out by
the tail-rope system of haulage. The chute, where the railway cars are

loaded, contains the finest of machinery for crushing, screening, elevat-

ing and conveying the different grades of coal to any desired point of

delivery, the customer being thus enabled to procure, at pleasure, any
size or grade of coal desired. The method is thus described by a cor-

respondent of the Coal Trade Journal :

'' The mining is done exclusively by machinery, the power used being

compressed air, which is conveyed into the workings by means of pipes

and air-receivers supplied from the power-house located on the outside.

The Jeffrey mining machines are used in connection with the Jeffrey

giant air-power coal drill. There are three comj)ressors, kept running-

night and day, year in and year out, which were built by the Xorwalk
Iron Works Company. An electric plant furnishes light for the mines,

as well as for the buildings connected with the mines. Eleven steam
boilers, with a capacity of 800-horse power, and which will shortly be
increased to 1,200, drive the machinery. A finely equipped blacksmith
and machine shop keeps up all needed repairs.

Although these mines have been opened only about three years, they
already have a capacity of from 1,600 to 1,800 tons daily, which capacity

will surely be doubled before the end of 1893. The mines are distant

several hundred miles from any other coal fields, and the Cambria
proprietors are practically without competition. Had it, not been for

the existence of this coal, the railroad before named would not have
been built, owing to the want of proper fuel with which to operate it.

''As the principal part of the mining is done by machinery, unskilled

workmen have here a rare opportunity for remunerative employment.
More than this, there naturally cannot be, under a system of mining
like this, that great variance in the wages of the different employes
which is naturally so productive of discontent and consequent strikes.

The company has a plant of coke ovens, by which a good article of coke
is made from the fine slack, taken from the coal by the screens. The
slack which enters into this coke requires no treatment other than
screening to fit it for use, though experts say that the product could be
improved by a system of washing."
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The following table shows in brief the annual product of each county

since 1868 and the total output of the State for each year:

Total p7'oduct of coal in Wyoming, hy counties.

Years.
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mie and Snake rivers to the State line, on the south and west to the

continental divide.

This area is reduced by the mountains on both sides of the Platte

valley and by the Eawlings laccolite or uiDlift.

There are at least three, and probably more, horizons in these meas-

ures, in different parts of the field, that have seams of workable char-

acter and size, but the lack of a persistent datum has delayed identifi-

cation.

The seams are accessible at many points, owing to the faulting, but

their correlation is the more difficult.

As is usual, approaching the shore line of original deposition, the

eastern outcrops of these seams are thin, and as they have not there

been subjected to great weight or ponderous movement, the coals have
more combined water. The best coals so far found are near the center

of the field, and in the immediate neighborhood of faults. The phys-

ical character of these coals has been much affected by their history.

This is true, quite locally, even in the same mine and in layers of the

same bed. Where the coal has not been consolidated the volatile part

burns off quickly, and the charred remainder, with the ash adhering,

burns more and more slowly, so that small pieces retain fire a long

time; a pile of them for days. This quality, with that of decrepitation

in burning, has been the cause of costly failures, whose lessons should

be heeded in new development.

There is much good coal in this field, and as it lies nearest the- plains

and Colorado markets, its production should naturally increase; but

each failure, to read past experience, makes the next enterprise more
difficult.

Roclc Spring field.—Going west from the continental divide, the Lara-

mie falling faster than the surface, sinks below later rocks. The upper

portion, with two beds of coal at Black Buttes and Hallville, is

brought up by the rock anticline and subsequent erosion. These coals,

though relatively good, have not been able to compete with the better

coals of Kock Spring. Westward, to within 3 miles of Eock Spring,

the Laramie and core of the anticline are covered by later Measures

and a recent lake bed, above the shore of which are exposed about

600 feet of the Montana, containing at 150 to 200 feet from the top

a siliceous limestone or flint, a convenient datum, which, though not

persistent, is shown at many exposures in this State, and Colorado

and Utah.

The available Eock Spring field is the west side of this anticline, dip-

ping 5 to 15 degrees, and containing five or six seams of workable size in

about 1,900 feet of shales and sandstones, with an outcrop 20 miles in

length. These seams, brought up from great depth in the center of a
Avide field of deposition, are of good size, excellent chemical and phys-

ical character, and of great persistence. As might be expected, the

lower coals are in general better than the upper,



414 MINERAL RESOUECES.

The three beds operated are 3 feet 9 inches to 11 feet thick and \rell

marked and persistent; one of them has a slope 5,000 feet long on the

dip of the seam and levels 6,000 feet long. A large area in advance

of operations was recently proved by a diamond drill hole 1,260 feet in

depth.

Hani's Forlc field.—Fifty miles west the southward sinking anticline

of Absaroka ridge brings up the Laramie with thick seams on the

Black's and Ham's forks of Green river.

The exploitation of these seams has been most on the upper ones and

has been unfortunate for several reasons, aside from the economic posi-

tion and value of the coals.

The accessible area is large and some of the seams will be valuable

eventually.

Bear Biver field.—On the west side of the next synclinal the Laramie

outcrops for many miles in the Bear Eiver valley, buried occasionally

under later Measures or thrown back by faulting or erosion.

The seams are still very large, one 24 feet thick, but in some qualities

the coal is inferior and the seam worked is an expensive one. The south-

ern end has been the source of supply for the Central Pacific railway

for years as far west as Sacramento, California.



MANUFACTURE OF COKE.
By Joseph D. Weeks.

[The ton used in this report is uniformly the short ton of 2,000 pounds.]

The coal used in coking in the United States is mined from all five

of its great coal fields: (1) The Appalachian
; (2) the Central; (3) the

Western; (4) the Eocky Mountain; and (5) the Pacific Coast. With
the exception of that made in the Appalachian field, however, the ton-

nage of coke produced is quite small.

The AppalacJiian coMng field.—Beginning with a few isolated patches

of coal near the northern boundary of Pennsylvania, the great Appa-
lachian coal field stretches for a distance of over 750 miles in a south-

westerly direction to Tuscaloosa, Alabama, where it loses itself. This

is at present, and promises to be in the future, the most imj)ortant coal

field in America. It has an average breadth of from 80 to 90 miles and
an area of fully 65,000 square miles. The eastern escarpment of the

Allegheny mountains formed and still forms the eastern border of this

basin, while the Cincinnati anticlinal hems it in on the west and sepa-

rates it from the measures of the Illinois basin. The eastern line of

this field is comparatively regular, following the trend of the moun-
tains, but the western line is very irregular, being quite broad in its

northern area, contracting through Tennessee and northern Alabama
and expanding considerably at its termination in Alabama, though it

is here by no means so broad as in Pennsylvania, Ohio, and West Vir-

ginia.

Along nearly the entire length of this great coal field from Blossburg,

Pennsylvania, to Birmingham, Alabama, on the south, the coke indus-

try has been established. The ovens following the zone of best coking
coal are generally found near the eastern limits of the field ; that is,

hugging the mountains, the coal in the middle or western part of the
basin being, as a rule, not so well adapted to coking as that of the

eastern.

In this field are found the Connellsville, Pennsylvania; the New
Eiver, Yirginia; the Pocahontas Flat Top, Virginia and West Virginia;

the Sewanee, Tennessee; and the Birmingham, Alabama, coal fields,

together with other though less important fields.

Central coMng field.—The Central field includes the coals in Indiana,
Illinois, and the western part of Kentucky, the field reaching from the

OiiiQinnati anticlinal on the east to the Mississippi river on the west.
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While it is estimated to cover an area of47,250 square miles of coal fields,

it is at present of but little importance as a producer of coke, tlie total

output in 1893 being not over 12,000 tons. Most persistent efforts

have been made to produce a coke from the coals of this field that

would answer as a metallurgical fuel. The iron and steel works of

Chicago are in this district and St. Louis is just at its western border.

It is readily seen what an advantage it would be to these works could

they draw their supply of coke from the coal fields which are just at

their doors, instead of sending to Oonnellsville and the Virginias, from

500 to 650 miles distant, for their fuel. But all attempts to make such

a fuel have been abandoned, and what little coke is made in these States,

with the exception of that made in western Kentucky, is from slack

coal, chiefly for use in the manufacture of water gas and for domestic

use as crushed coke.

The Western eoMng field.—The Western field, which includes the

States of Missouri and Kansas and Indian Territory, is of but little

more importance than the Central field as a producer of coke. The coke

made in Ishis field is chiefly in the new Pittsburg district of Kansas and

in the lead district of Missouri for use by the lead and zinc smelters in

the neighborhood. A small amount is also made at McAlester, Indian

Territory.

Rocky Mountain coMng field.—Located, as the Eocky Mountain field

is, in close proximity to the mines of the i^recious metals, as well as

near good iron ore, it is the most important coking field in the United

States next to the Appalachian and has more promise than any of the

others. It includes the coal fields of Dakota, Montana, Idaho, Wyo-
ming, Utah, Colorado, and 'New Mexico.

Geological horizon of the coals.—By far the largest part of the coal

used for coking in the United States comes from three seams, the Pitts-

burg seam of the Upper Coal Measures (No. XV of Eogers), the great

Conglomerate (the lower formation of the Carboniferous) and the Pratt

seam of Alabama. The coal used in Connellsville is from the Pittsburg

seam, known locally as the Connellsville seam ; that used in the New
Eiver and Flat Top districts of Virginia and West Virginia is from th^e

Conglomerate, known as the Pottsville Conglomerate in Pennsylvania

and as No. XII of the Eogers' Virginia survey. The identification of

the Pratt seam with the northern coals is not definite. It is from this

seam that most of the coke produced in Alabama is made.

Goals and ovens used.—In many parts of the United States in which

coking is carried on coke is made chiefly for the purpose of utilizing the

slack or fine coal which results from the mining and preparation of coal

for steam, household, and the other purposes of the general market. All

of the coals used in Georgia, Illinois, Indiana, Indian Territory, Kansas,

Missouri, and Washington are of this character, while a large propor-

tion of that from Colorado, Kentucky, Montana, Ohio, Tennessee, Vir-
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ginia, and ^V^est Virginia is also slack coal. Even in Pennsylvania

some 10 per cent, of the total amount of coal used is slack.

It still holds true that the solid wall oven, usually of the beehive

form, is practically the only one used in the country. Some flue ovens

are reported as in existence in Pennsylvania, and a few retorts were

used in Colorado and West Virginia. It should be said, however, that

a block of flue ovens on the Semet-Solvay principle has been erected at

Syracuse, New York, near the works for making soda ash, the design

of these ovens being chiefly to collect the ammonia for use in the Solvay

or ammonia process ofsoda-making. Similar ovens or retorts have been

erected at Winifrede, West Virginia, on the Huessener principle. These

ovens are erected chiefly for the recovery of the by-products, the coke

made being used for domestic purposes. Accompanying these ovens

is a Slocum benzol plant. We are also informed that probably during

1894 similar ovens will be erected on the Otto-Hoffmann system. This

is a flue oven with regenerators, something on the principle of the

Siemens regenerators, attached, and are largely used in Germany.

PRODUCTIOX OP COKE IN THE UNITED STATES.

In the following table will be found a statement of the production of

coke in the United States in 1893, by States, together with similar

tables for 1891 and 1892 for comparison. From these tables it appears

that the total production of coke in the United States in 1893 was

9,477,580 tons, as compared with 12,010,829 tons in 1892, a reduction of

2,533,249 or 21.1 per cent. This great falling ofi;* in production is due

to the depression in the blastfurnace industry. Coke-made pig iron

in the United States in 1893 was 5,390,184 tons, as compared with

6,822,266 tons in 1892; and of anthracite and mixed anthracite and coke

pig iron, 1,347,529 tons in 1893, as compared with 1,797,113 tons in 1892.

This is a reduction of nearly 2,000,000 tons, and would probably

account for the decrease in production of coke to an equal amount,

say, 2,000,000 tons. The remainder of the decrease in production is due

to the falling off in demand at foundries and at other works where coke

is used.

It will be noted that Pennsylvania still maintains its supremacy as the

chief coke-producing State, its production being 6,229,051 tons out ofa
total of 9,477,580 tons, or 65.7 per cent. In 1892 its proportion was 69

per cent. Alabama stands second, producing 1,168,085 tons, or 12.3

per cent. West Virginia is third, producing 1,062,076 tons, or 11.2 per

cent. These were the only States that produced 1,000,000 tons or over.

Colorado was the fourth State in point of production, its output being

346,981 tons, or 3.66 per cent. Tennessee, whose production was very
close to that of Colorado in 1892, in 1893 produced 90,000 tons less than
that State, its production being but 265,777 tons. Virginia's produc-

tion was 125,092 tons. These six States are the only ones that pro-

duced over 100,000 tons.

MIN93 27
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Making a comparison by States between 1892 and 1893, it will be

seen that of the chief producing States, Georgia, Kentucky, and West

Virginia, show an increase. Georgia increased its production 9,000

tons, Kentucky some 12,000 tons, and West Virginia 27,326 tons. The

notable reductions in production were in Alabama, where it fell off

some 330,000 tons; in Colorado, which fell off" over 26,000 tons; in

Tennsylvania, which fell off" over 2,000,000 tons; in Tennessee, which

fell off nearly 90,000 tons; in Virginia, which fell off some 22,000

tons, and Wisconsin, which fell off nearly 19,000 tons.

Manufacture of coke in the United States, by States and Territories, in 1893.

States and Territories.
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Manufacture of coke in the United States, by States and Territories, in 1891.

States and Territories.
Estab-
lish-

uients.

Oveus.

Built.
Bnikl-

Coal used.

Yield
of coal

coke.

Coke pro-
duced.

Total Tahic'j'*^"^
of coke. i«/«'l<«

per ton.

Alabama
Colorado
(ieorgia
Illinois
Indiana .

Indian Territory
Kan.sas
Kentucky
Missouri
Montana
New Mexico
Ohio
Pennsylvania
Tennessee
Utah Territory .

Virginia
Washington
West Virginia.

.

Wisconsin
Wyoming ,

Total

21
7

1

1

2
1

6
7

3
2
1

9
109
11
1

2
2

55
1

1

5,0G8
948
300
25
84
80
72
115
10

140
Pit ...

421
25, 324
1,995

80
550
80

4,621
120
24

50
21

24

11

250

555

Short tons.

2, 144, 277
452, 749
1G4, 875
10, 000
8,688

20, 551
27, 181
64, 390
10, 377
61, 667
4,000

69, 320
10, 588, 544

623, 177
25, 281

285, 113
10, 000

1,716,976
52, 904
4,470

Per ct.

60
61
62.5
52
44
46
52
52
66
47
57.5
56
66
58
31
58.8
60
58.8
65
60

Short tons.

1, 282, 490

277, 074
103, 057

5,200
3,798
9,464
14,174
33,777
6,872

29, 009
2,300

38,718
6, 954, 846

364, 318
7,949

167, 516
6,000

1, 009, 051
34, 387
2,682

$2, 986, 242
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Total number of colce worTcs in the United iStates.—The following iable

gives tlie uumber of establisliments maimfacturiug coke iu the United

States at the close of each year from 1880 to 1893, by States

:

Number of establishments in the United States manufacturing coke on December 31 of each
year, from 1880 to 1893.

States and Terri- i^ggQ

tories. ,

Alabama
Colorado
Georgia
Illinois
Indiana
Indian Territoiy
Kansas
Kentucky
Missouri
Montana
New Mexico
New York
Ohio
Pennsylvania
Tennessee
Texas
Utah
Virginia
Washington
AVest Virginia . .

.

Wisconsin
Wyoming

Total 186

15
124

G

1

IS

1881.

15
132

1

19

1882. 1883. 11884. 1885.

16
137

8

1

22

18
140
11

1

1

24

19

145
13

1

1

1

27

13
133
12

1

1

1

27

15
108
12
1

1

2

1

29

1887. 1888. '1889.

15
120
11

2
3

52
1

13
109
12

1
2
1

53
1

1

1891. 1892. 11893.

13
106
11

1
2
2
55
1

1

109
11

1
2
2
55
1

1

270
I

261 2.52 I 253 243 261 258

10
109
11

1

2
3

72
1

1

The word "establishment" is rather an indefinite one. In some

cases proprietors of coke works owning several different banks or

blocks of ovens will report them all as one establishment, they being

under one general management. In other cases they will be reported

separately. The number differs so much from year to year as to make

this table of but little value for comparison.

The number of establishments in the country for each year since

1850 for which there are any returns is as follows :

Number of colce establishments in the United States since 1S50.

Tears.
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coals to the mannfiicture of coke this is still customary, thongli in the
later years but little of the coke reported as produced iu the United
jStates was made in anything but ovens.

Number of coke ovens in the United States on December SI of each of the years from ISSO

to 1893.

States and Territories.

Alabama
Colorado
Georgia
Illinois

Indiana
Indian Territory.
Kansas
Kentucky
Missouri
Montana
New Mexico
New York
Ohio
Pennsylvania
Tennessee
Utah
Virginia
Washington
West Virginia ...

Wisconsin
Wyoming

1880.

316
200
140
170
45
20
6

45

650
20

631

Total 12,372

1881.

416
267
180
176
45
20
15
45

641
10,881

724
20

689

14, 119

536
344
220
304
37
20
20
45

647
12, 424

801
20

878

16, 356

states and Territories.

Alabama 1, 555
Colorado 532
Georgia 300
Illinois 278
Indiana 119
Indian Terri tury 80
Kansas 39
Kentucky 98
Missouri 4
Montana 27
New Mexico 70
New York
Ohio
Pennsylvania ]S,

Tennessee ' I

Utah
Virginia
Washington
West Virginia 2,

Wisconsin
Wyoming

1887.

2,475
602
2D0
221
103
89
58

132
4

40
70

Total. 20, 001

547
20, 381
1,634

550
30

2,792
50

30, 059

3,944
834
3U0
149
111
78
68

166
9

90
70

462
22, 143
1, 639

34
550
30

3, 438
50

34, 165

1883.

767
352
204
316
37
20
23
45

2

12

682
13, 610

992
20

200

962

18, 304

1884.

976
409
300
325
37
20
23
45

5
70

732
14, 285
1, 105

20
200

1,005

19, 557

1885.

1,075
434
300
320
37
40
23
33

2

70

642

14, 553
1,387

20
200

2

978

1886.

1,301
483
300
335
100
40
36
76

16
70

560
16, 314
1,485

20
350
11

1,100

20, 116 22, 597

1890.

4,805
916
300
148
101
78
68

175
10

140
70

443
23, 430
1,664

80
550
30

4,000
70
20

37, 158

1891.

5,008
948
300
25
84
80
72

115
10

140
60

421
25, 324

1,995
80

550
80

4,621
120
24

40, 057

1892.

5,320
a\, 128

300
24
84
80
75

287
10

153
50

436
25, 366
1,941

83
594
84

5,843
120
24

42, 002

1893.

5,548
al, 154

338
24
94
80
75
283
10

153
50
cl2
435

25, 744
1,942

83
594
84

7,354
120
24

44, 201

a Includes 36 gas retorts. 6 Coke was made in pits. c Seniit-Solvay ovens.

As compared with 1892 the above table shows an increase in the

number of ovens in the United States of 2,199. The great increase in

the number of coke ovens was in West Virginia in which the number
increased from 5,843 ovens in 1892 to 7,354 ovens in 1893, an increase

of 1,511. The number in Pennsylvania increased from 25,366 ovens in

1892 to 25,744 in 1893, an increase of 378. The number of ovens in

Alabama increased from 5,320 in 1892 to 5,548, or 228. These were the
only States that showed any important increase in the number of ovens.

As we have noted in previous volumes of this series, a calculation based
upon this table and the one showing production indicates that the ovens
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in certain Stateswere in much more active operation during the year

than those in other States. For example, though Alabama had but

5,548 ovens as compared with 7,354 in West Virginia, it made nearly

110,000 tons more of coke, showing that the product of coke per oven

during the year in Alabama was greater than that in West Virginia.

The product per oven in West Virginia in 1893 was 144 tonsj in Ala-

bama 211 tons ; and in Pennsylvania 242 tons.

As is elsewhere stated, most of the ovens in operation in the United

States are of the solid wall type, in which the coal is coked by heat

generated in the oven itself, a certain amount of the heat generated at

a burning b«ing stored in the walls of the oven. Most of the ovens are

of the regular beehive shape; a few are somewhat modified in form, the

oven being long and shaped like a muffle. The principle of coking,

however, is the same in these long ovens (which are sometimes called

Welsh ovens or drag ovens, certain shapes used in this country being

also known as the Thomas oven, from its inventor) as in the beehive;

that is, the coking of the coal is by the heat generated by the combus-

tion of the coal in the oven itself with such slight heat as may be

stored in the walls of the oven from a previous burning.

As we have stated elsewhere, some flue ovens were in operation in

the United States in 1893, and a bank of Otto-Hoffmann ovens was con-

templated. In the term flue ovens are included all ovens in which the

coking operation is performed in whole or in part by heat applied

externally to the inner wall of tbe oven by means of the waste gases

which are burned usually in flues contained in the walls of the ovens.

There is a great demand in this country for tar and ammonia water

which the illuminating gas works are not able to supply, especially in

view of the fact that the amount of these by-products has been consid-

erably lessened by the use of enriched water gas. It is believed that

there are certain coals in the United States which are largely used in

coke-raaking at the present time the coke from which could be very

much improved and the cost of production very much reduced by the

use of some form of flue oven with the saving of by-products.

Number of ovens building in the United States.—The following table

gives the number of ovens actually in course of construction at the

close of each year from 1890 to 1893. It should be understood that

this table does not include the increase in the number of ovens during

the year. It only gives the number of ovens actually in course of

construction at the close of each year. It will be noted that the

number in course of erection at the close of 1893 was 717, which is the

smallest of any year since 1885.
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Numher of coke ovens huilding in the United States at the close of each of the years from
18S0 to 1S93.

States aurt Ter-
ritories.
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Amount of coTce produced, in short tons, in the United States, etc.—Continued.

States and Territories.
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seventeen til place; Wisconsin from tlie eleventh to the twelfth place,

and Wyoming from the nineteenth to the twentieth.

Value and average selling price of colce.—In the following table is

given the total valne of coke produced in the United States in each

year from 1880 to 1893, inclusive.

Total value at the ovens of the colce made in the United States in the years from ISSO to

1S93, inolusioe, iy States and Territories.

states and Territories.
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their own furnaces, none being- sold. Tlie value, therefore, given for

this coke would be an estimate based, in some instances where there

are coke works in the neighborhood selling coke for the general market,

upon the price obtained for this coke ; in other cases the cost is esti-

mated at the cost of the coke at the furnace, plus a small percentage

for profit on the coking operation, while in still other cases the value

given is only the actual cost of the coke at the ovens.

An inspection of this table shows the value of coke in 1893 to range

from $1.50 a ton in Georgia to $8 a ton in Montana. These high

prices are not always arbitrary, the character of the coal in Montana
and Washington, where the highest price rules, the higher price of

labor and the other elements of cost rendering the manufacture of coke

in these districts not as remunerative as the price given would indicate.

This table shows that the average value of coke in 1893 was $1.74,

as compared with $1.96 in 1892.

Average value per short ton at the ovens of the coke made in the United States in the years
from 1S80 to 1S93, inclusive, hy States and Territories.

States and Territories.
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Goal consumed in the manufacture of colce.—In the following table is

given the total number of tons of coal used in the manufacture of coke

in the United States for the years 1880 to 1893:

Amount of coal used {short tons) in the manufacture of colce in the United States from
1880 to 1893, inclusive, by States and Territories.

States and Terri-
tories.

Alabama
Colorado
Georgia
Illinois

Indiana
Indian TiTritory.

.

Kansas
Kentucky
Missouri
Montana
New Mexico
New York
Ohio
Pennsylvania
Tennessee
Utah
Virginia
Washington
West Virginia
Wisconsin
Wyoming

1880.

106, 283
51,891
G'S, 402
31,240

2, ;94
4,800
7,20G

1881.

184, 881
97, 5UH
68, 900
35, 210

2,952
8,800
7,400

172,453
4, 347, 558

217, 056
2,000

230, 758

201,145
5, 393, 503

241, 644

304, 823

Total 5, 237, 741 6, 546, 762

261, 839
180, 549
77, 670
25, 270

3,266
9,200
6,006

1,500

181,577
6, 149, 179

313, 537
500

3C6, 653

7, 577, 646

1883.

359, 099

224, 089
111, 687
31,370

4,150
13, 400
8,437

6,941

153, 502
6, 823, 275

330, 961

39, 000

8, 516, 670

413,184
181,968
132, 113

30, 168

3, 084
11, 500
3,451

165
29, 990

108, 164
6,204,604

348, 295

99, 000
700

385, 588

1885.

507, 934
208, 009
117,781
21,487

5,781
15, 000

5,075

300
31,889

68, 706

, 178. 500
412,538

81, 899
544

415, 533

7, 951, 974

1886.

635, 120
228, 060
136, 133

17, 80(i

13, OI'O

10, 242
23, 002
9,055

18, 194

59, 332

, 290, 849
621, 669

200, 018
1,400

425, 002

8,071,126 10,688,972

States and Terri-
tories.

Alabama
Colorado
Georgia
Illinois
Indiana
Indian Territory.
Kansas
Kentucky
Missouri
Montana
New Mexico
New York
Ohio
Pennsylvania
Tennessee
Utah
Virginia
Washington
West Virginia .--

Wisconsin
Wyoming

Total.

1887.

550, OJ 7

267,487
158, 482
16, 596
35, 600
20, 121

27, 604
29, 129
5,400

10, 800

22, 549

164, 974

, 938. 438
655, 857

235, 841
22. 500

698. 327

848,

274.

140,

13,

26,

13,

24,

42,

5,

20,

124, 201
9, 673, 097

630, 099

230, 529

863, 707
1,000

1889.

1, 746, 277
299, 731

157, 878
19, 250
16, 428
13, 277
21, 600
25, 192
8,485

30, 576
7,162

132, 828
11, 581, 292

626, 016
2,217

238, 793
6,983

1,001,372
25, 616

J890.

1, 809, 964
407, 023
170, 388

9,000
11, 753
13, 278
21, 809
24,372
9,491

32, 148
3,980

126, 921

13, 046, 143
600, 387

24, 058
251, 683

9,120
1, 395, 266

38, 425

11,859,752 12,945,350 15,960,973 18,005,209 16,344,540 18,813,337 14,917,146

1891.

2, 144, 277
452, 749

164, 875
10,000
8,688

20, 551

27, 181

64, 390
10. 377
61, 667
4,000

69, 320
10, 588, 544

623, 177
25, 281

285, 113
10, 000

1, 716, 976
52, 904
4,470

1892.

2, 585, 966
599,200
158, 978
4,800
6,456
7,138

15, 437
70, 783
11,088
64,412

95, 236
12,591,345

600, 126

226, 517
12, 372

1, 709, 183
54,300

2,015,398
a 628, 935

171, 645
3,300
11,549
15,118
13, 645
97, 212
8,875

61, 770
14, 698
15, 150
42, 963

9, 386, 702
449, 511

194,059
11, 374

1, 745, 757
24, 085
5,4'W

a Includes Utah's production.

In regard to this table it is to be noted that in many cases the state-

ment as to the amount of coal used in the production of coke is an

estimate. At but few works is the -coal weighed before being charged

into the ovens. A great deal of the coke made in the United States is

from run-of-mine, that is, all of the product of mining, lump, nut, and
slack, as it comes to the mouth of the pit in the mine car is charged into

the ovens, and if no coal is sold as coal it is comparatively easy to

ascertain from the amounts paid for mining what is the amount of coal

charged into the ovens. But even in such cases considerable difficulty

arises from the fact that mining is paid for by the measured bushel or
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ton of so many cubic feet, while our statistics are by weight, and the

measured bushel or ton is often not the equivalent of the weighed

bushel or ton. It is also true that in certain districts where the men
are paid by the car the car contains even of measured tons more than

the men are paid for. Under such circumstances it is not to the inter-

est of the operator to weigh the coal as it is charged into the oven.

Further, in many districts coke-making is simply for the purpose of

utilizing the slack coal produced in mining or that which falls through

the screen at the tipple when lump coal is sold. In such cases the

slack is rarely, if ever, weighed as it is charged into the ovens, so that

any statement as to the amount of coal used at such works will be an

estimate. At some works the coal is often weighed for a brief period,

and the coke being weighed as it is sold a percentage of yield is ascer-

tained which is used in statements as to the amount of coal used and

the yield of this coal in coke.

Great care has been exercised, in view of these facts, to reach a sat-

isfactory estimate as to the amount of coal used in the production of

coke, as given in the table immediately preceding, and the percentage

yield of coal in coke as shown in the table next subsequent. Analyses

of coals from most of the districts in the United States have been

secured. These analyses, checked by personal knowledge as to the

wastefulness of the methods of coking in each district, have enabled

the writer to reach a conclusion as to whether the returns made wer«

approximately correct or not. Where it has been judged that they

were incorrect, correspondence has usually led to a revision of the

same. It is sometimes the custom of coke mnnufacturers who do not

weigh the coal charged into the ovens to estimate that the yield of coke

is equal to the percentage of the fixed carbon and ash in the coal. A
report from a certain coke works showed a yield of 77 per cent. This

was equal to the average amount of fixed carbon and ash in the coal.

Further inquiry developed the fact that at other mines in this district,

using the same character of coal, the yield as reported varied from 50

to 66 per cent. Upon the attention of the party making the return

showing 77 per cent, being called to these facts, the yield was reduced

to 63 per cent. As coke is sold by weight, it has always been assumed

that the production of coke was accurate, and where the coal was not

weighed, yield of coal in coke being ascertained, a calculation could

be made which would show approximately the amount of coal used.

But even under these conditions it is believed that more coal was

actually used in the production of coke in each of the years covered

by the above table than is shown.
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The amount of coal necessary to produce a ton of coke, assuming that

the above tables are approximately correct, was as follows

:

C«al required to produce a ton of coke in tons or pouvda.

Tears. Tons.

1880 1.57
1881 1.59
1882 1.58
1883 1.56
1884

' 1.63
1885 ' 1.58
1886 1.56

Pounds.

3,140
3,180
3, 160
3,120
3, 260
3,160
3, 120

18S7.
1888.
IS.S'.I.

ISilO.

IKOl.
]S!I2.

18, lU.

Tears. Tons.
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Til connection witli these tables of yields it should be said that there

is no doubt that the yield of coal in coke is increasing throughout the

United States. Better forms of oven are being used; slight modifica-

tions in construction are being made, which increases the yield : the

coal is being crushed and disintegrated, which not only improves the

quality but increases the yield as well, and better methods of burning

are being employed, all of which tend not only to make a better coke

but to get more coke out of a given weight of coal.

The value of coal used per ton of col:e.—In the following tables will be

found a statement of the amount and value of coal used in the manu-
facture of coke in the duited States in the years 1893, 1892, and 1891.

The chief point in these tables is to show the average value of coal used

per ton, and the amount of coal necessary to make a ton of coke, and
the value of the same. The average value of coal jier ton in 1891 was

76J cents; in 1892 it was 75 cents; and in 1893 it was 70 cents. The
amount of coal necessary to make a ton of coke in 1891 was 1.58 tons;

in 1892, 1.57 tons; and in 1893 the same, 1.57 tons. The value of the

coal necessary to make a ton of coke in 1891 was $1.21; in 1892, $1.18;

and in 1893, $1.10.

Amount and value of coal used in the manufacture of colce m the United States in 1S93
and amount and value of same.per ton of coke.

states and Territories.

Alabama
Colorado (a)

Georgia
Illinois....
Indiana
Indian Territory.
Kansas
Kentuck}'
Missouri
Montana
New Mexico
New Yoik
Ohio
Pennsylvania
Tennessee
Utah (c)

Virginia
Washington
West A^frginia . .

.

Wisconsin
Wyoming

Total and averages 14, 917, 146

Coal used.

Short tons.

2, Ol.-i, ;i98

628, 035
171,645
3,300

11, 549
15,118
13, 645
97, 212
8,875

61,770
14, 698
15, 150
42, 063

9, 386, 702
449, 511

194, 059
11, 374

1, 745, 757
24. 085
5,400

Total
value of coal.

$1, 894, 666
599, 773
171,645

660
4,043
3,779
7,117

34, 804
3,168

185, 310
21, 069
39, 550
24, 700

5, 738, 798
363, 260

212.467
25, 163

1, 044, 219
b 72, 255

3,240

10, 449, 686

Value of
coal per
ton.

$0.94
.95

1.00
.20
.35
.25
.52
.36
.36

3.00
1.43
2.61
.58
.61
".808

1.09
2.21
.60

3.00
.60

Amovint
of coal used
per ton of

coke.

Short tons.

1.725
1.73
1.89
1.50
2.02
2.12
1.59
2.00
1.50
2.06
2.53
1.18
1.91
1.51
1.09

.70

1.55
1.69
1.64
1.61
1.85

1.57

Value of
coal to a ton
of coke.

$1.62
1.65
1.89
.30
.71
.53
.82
.72
.54

6.18
3.63
3.08
1.10
.92

1.37

1.70
3.74
.98

4.83
1.11

1.10

a Figures given for Colorado include the statistics of Utah.
6 Value estimated.
Included with Colorado figures.
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Amount and value of coal used in the manufacture of coke in the United States in 1802
and amount and value of same per ton of coke.

States and Territories. Coal used.
Total value

of coal.

Value of
coal per

tou.

Amomit of
coal iier tou
of coke.

Value of
coal to a ton

of coke.

Alabama ,

Colorado (a)

Georgia
Illinois ,

Indiana
iudiau Territory
Kansas
Kentucky
Missouri
Montana
New Mexico
Oliio
Ponn.tylvania . ..

Tennessee
Utah (c)

Virginia
Washington
"West Virginia ..

Wisconsin
Wyoming

Total and averages.

Short tons.

2, 58.5, 966
599, 200
158, 978
4,800
6,456
7,138

15, 437
70, 7K3

11, 088
64, 412

95, 236
12,591,345

600, 126

$2,5,51,946

617, 744
b 143, 080

1,200
2,333
1,785
8,297

19, 681
4,165

193, 236

82, 890
8, 372, 171

624, 275

$0.99
1.03
.90
.25
.36
.25
.54
.28
.38

3.00

.87

.67
1.04

Short tons.

1.72
1.605
1.943
1.514
2.013
2.00
1.69
1.96
1.51
1.864

1.84
1.512
1.70

226. 517
12, 372

1, 709, 183
54, 300

243,112
29, 344

1, 106, 806
149, 325

1.07
2.37
.65

2.75

1.53
1.724
1.65
1.606

18, 813, 337 14, 151, 390 .75 1.57

$1.70
1.65
1.75
.38
.72
.30
.91
. 55
.57

5.59

1.00
1.01
1.77

1.64
4.09
1.07
4.42

1.18

a Figures given for Colorado include the statistics of Utah.
6 Value estimated.
e Incluaed with Colorado figures.

Amount and value of coal used in the manufacture of coke in the United States in 1891
and amount and value of same per ton of coke.

States and Territories. Coal used.
Total value

of coal.

Value of
coal per
ton.

Amount of
coalperton
of coke.

Value of
coal to a ton
of coke.

Alabama
Colorado
Georgia
Illinois
Indiana
Indian Territory^
Kansas
Kentucky
Missouri
Montana
New Mexico '..

Ohio
Pennsylvania
Tennes.see
Utah
Virginia ,

Washington
West y irginia
AVisconsin
Wyoming

Total and averages

Short tons.

2, 144, 277
452, 749
164, 875
10, 000
8,688

20, 551
27, 181
64, 390
10, 377
61, 667
4,000

69, 320
10, 588, 544

623, 177

25, 281
285. 113
10,000

1,716,976
52, fi04

4,470

$2, 186, 707
573, 052
148, 388

1,500
2,172
5,138

13, 820
16, 278
4,143

128, 864
6,600

56, 056
7,318,697

525, 571
19,198

227, 995
22. 500

1, 084, 428
158, 712

$1.02
1.26
.90
.15
.25
.25
.51
.25
.40

2.09
1.65
.81
.69
.84
.76
.80

2.25
.63

3.00

Short tons.
1.67
1.63
1.60
1.92
2.28
2.17
1.91
1.91
1.51
2.12
1.72
1.79
1.52
1.71
3.18
1.70
1.66
1.74
1.54
1.66

$1.67
2.05
1.44
.29
.57
.54
.97
.48
.60

4.43
2.84
1.43
1.05
1.45
2.42
1..36

3.74
1.10
4.62

16, 344, 540 .77 1.58 1.21

Condition in which eoal is charged into ovens.—In the following table

will be found a statement of the condition of coal when charged into

ovens; that is, whether it is run-of-mine, slack, washed or unwashed.
The tables for 1893, 1892, and 1891 are given. The headings explain

themselves. It is only necessary to state that run-of-mine, washed,

includes that ruu-of-mine coal which is crushed before being washed

;
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Character of coal used in the manufacture of coke in 1893.

States and Territories.
Kun-of-mine,
uiiwasliert.

Run-of-mine,
washed.

Slack,
unwaslied.

Slack,
washed. Totr.l.

Alahama
Colorado (a)

Georgia
lUinolvS
Indiana
Indian Territory
Kansas
Kentucky
Missouri
Montana
New Mexico
New York
Ohio
Pennsylvania —
Tennessee
Virginia
"Washington
West Virginia ..

Wisconsin
"Wyoming

Total

-

Short tonn.

1,246,307
109,915

825

14, 698

Short tons.

51, 16.3

11, 973

44,000

8, 302, 307
179, 126

107, 498

324. 932
20, 474

10. 306, 082

216, 702

10, 974

15, 240

Short tong.

292, 198
519, 020

930

12, 445
26, 759
8, 875

15, 1.50

24. 859
730, 128
137,483
80, 561

1. 176, 656
3,611
5,400

Short tons.

425, 730

171, 645
3, 300

10,619
15, 118

1, 200
57, 655

17, 770

18.104
128, 505
132, 902

405
228, 929

Short tons.

2, 015. 398
628, 935
171, 645
3,300
11.549
15,118
13, 645
97,212
8. 875
61,770
14. 698
15, 1,50

42, 963

9, 386, 702
449, 511
194, 059
11, 374

1, 745, 757
24, 085
5.400

350, 112 3,049,075
I

1,211,877 14,917,146

a Utah included.

Character of coal used in the manufacture of colce in 1S92.

States and Territories.
Run-of-mine,
unwashed.

Run-of-mine,
washed.

Slack,
unwashed.

Slack,
washed. Total.

Alahama
Colorado (flf)

Georgia
Illinois

Indiana
Indian Territory
Kansas
Kentucky
Missouri
Montana
New Mexico
Ohio
Pennsylvania . .

.

Tennessee
Virginia
"Washington
"West Virginia ..

Wisconsin
Wyoming .......

Total

Short tons.

2, 463, 366

82, 008

35, 334
11, 237, 253

176, 453
106,010

298, 824
54, 300

Short tons.

5, 955

28, 000

159, 698
15, 000

115, 397

14, 453, 638

Short tons.

11,100
517, 102

4,800

15,437
7,883

11, 088

32, 402
1, 059, 994

367, 827
120, 507

1, 108, 353

Short tons.

Ill, 500

158, 978

6,456
7,138

56, 945

36,412

27, 500
134, 400
40, 846

12, 372
• 186, 609

Shorttons.
2, 585, 960

599. 200
158, 978
4,800
6, 456
7,138

15, 437
70, 783
11,088
64,412

95, 230

12, 591, 345
600, 126
226,517
12, 372

1, 709, 183

54, 300

324, 050 3, 256, 493 779, 156 18, 813, 337

a Including X7tah's production.
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Character of coal used in the manufacture of coke in ISOl.

States and Territories.

Alabama
Colorado
Georgia
Illinois
Indiana
ludian Territory
Kansas
Kentucky
Mis.soiiri

Montana
New Mexico
Ohio
Pennsylvania . ..

Tennessee
"Utah
Tirginia
"Washington
West "Virginia ..

"Wisconsin
"Wyoming

Total

Run-of-mine,
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ALABAMA.

Alabama still maintains its position as the second of the coke-pro-

ducing States. The coal fields of Alabama, and consequently the coke

fields, are divided into three districts, which take their names from the

chief rivers draining them; that portion drained by the Warrior river

and its tributaries and the Tennessee river, and its tributaries in Ala-

bama, constitutes the Warrior field. The Coosa field is drained by the

Coosa river and is situated in Saint Clair and Shelby counties. The

Cahaba field along the Cahaba river, in the counties of Shelby, Jeffer-

son, and Tuscaloosa.

The total production of coke in Alabama in 1893 was 1,168,085 tons,

as compared with 1,501,571 tons in 1892. This decrease in production

is without doubt due to the falling off in the production of pig iron,

which consumes the larger part of the coke manufactured, not only in

Alabama, but in the entire United States. Of the total production,

1,117,018 tons were from the Warrior district, 43,227 tons from the

Cahaba district, and 7,840 tons from the Coosa field. The production of

these three districts in 1892 was as follows: Warrior, 1,411,693 tons;

Cahaba, 68,218 tons, and Coosa, 21,660 tons.

In the production of this coke 2,015,398 tons of coal were used. This

is an average yield of coal in coke of 58 per cent. The yield of coal in

coke in the Warrior district was 58 per cent. ; in the Coosa district, 53.5

per cent., and in the Cahaba 49.2 per cent. The total value of this coal

was $1,894,666, or 94 cents a ton. The total value of the coke—this

value in some cases being the selling prices, and in other cases, where

the coke was made by the furnace owners, an assumed value, usually

what coke bought would have cost at the furnace—was $2,648,632, or

$2.27 a ton. The total number of ovens in the State at the close of

1893 was 5,548, as compared with 5,320 at the close of 1892.

The following are the statistics of the manufacture of coke in Ala-

bama, from 1880 to 1893, inclusive:

Statisiics of the manufacture of coke in Alabama, 1880 to 189S, inclusive.

Tears.
Eatab-
lish-

ments.

Ovens
built.

Ovens
build-
ing.

Coal used.
Coke pro-
duced.

Total
value of
coke at
ovens.

Value of
coke at
ovens.

Yield of
coal in
coke.

1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

316
416
536
767

ft 976
1,075

ft 1,301
1,555
2,475
3,944
4,805
5,068
5,320
5,548

100
120

122
242
16

1,012
1,362

406
427
371
50
90
60

Short tons.

106, 283
184, 881
261, 839
359, 699
413, 184
507, 934
635, 120
550, 047
848, 608

1, 740, 277
1, 809, 964
2,144,277.

2, 585, 966
2, 015, 398

Short tons.

60, 781
109, 033
152, 940
217, 531

244, 009
301, 180
375, 054
325, 020
508, 511

1, 030, 510
1, 072. 942

1, 282, 496
1, 501, 571

1, 168, 085

$183,
326,

425,

598,

609,

755,

993,

775,

1, 189,

2, 372,

2, 589,

2, 986,

3, 464,

2, 648,

Per ton.

$3.01
3.00
2.79
2.75
2. .50

2.50
2.65
2.39
2.34
2.30
2.41
2.33
2.31
2. 27

Fer cent.

57
59
58
60
60
59
59
59
60
59
59
60

, 58
58

a One establishment made coke on the ground.
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Considerable attention has been given in Alabama to coal wasliing

or coal separation as well as to the preparation of the cotil before coking.

The result has been a very marked improvement in the character of

the coke produced. The Standard Coal Company, of Brookwood, in

Tuscaloosa county, washed all of the coal used in 1893. One hundred

and sixty analyses were made of the ooke, which showed but 8.51 per

cent, of ash, and 5.83 per cent, of sulpliur. A complete analysis of what

is regarded as an average sample of the coke from this company is as

follows:

Analysis of Standard Coal Compaiti/s coke, Ahihunia.

Coiit
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The following are tlie statistics of tlie manufacture of coke in Colo-

rado for the years 1880 to 1893, inclusive

:

Statistics of the manufacture of coke in Colorado, 1880 to 1893.

Tears.
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ILlilKOIS.

Coke was made at but one works iu Illinois in 1893, tlie total product

being- 2,200 tons, as compared with 3,170 tons in 1892. This coke was

used entirely for domestic purposes and the manufacture of water gas.

The following are the statistics of the manufacture of coke in Illinois

for the years from 1880 to 1893:

statistics of the manufacture of colce in Illinois, ISSO to 1SD5.

Tsars.
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INDIAN TERRITORY.

The Osage Coal and Mining ComxJany, of McAlester, still remains the

only producer of coke in the Indian Territory, the works being for the

utilization of the slack coal produced in mining. The coke finds its

chief market in Kansas and Missouri. We have described this field

and the coke produced from it in previous issues of Mineral Eesources.

In the following table it will be noti(;ed that there has been a con-

siderable increase in the production of coke in this Territory in 1893.

The production, howeyer, stiH remains quite small, beiug but 7,135 tons

in 1893.

The statistics of the manufacture of coke in the Indian Territory from

1880 to 1893 are as follows:

statistics of the manufacture of coke in the Indian Territory, ISSO to 189S.

Tears.
Estab-
lish-

ments.

Ovens
built.

Ovens
build-
ing.

Coal used.
Coke pro-
duced.

Total
value of
coke at
ovens.

Value of
coke at
ovens,
per ton.

Yield of
coal in
coke.

1880
1881
18S-J

1883
1884
1885
1880
1887
1888
188;i

1890
1891
1892
1893

Short tons.

2, 494
2, 852
3,266
4,150
3,084
5,781

10, 242
20, 121
13, 126

. 13,277
13,278
20, 551
7,138

15, 118

SJwrt
1

1

2.

2

1,

3.

6,

10
7,

6,

6,

9,

3,

7.

t07lS.

,546
,768
,0*5
r.73

912
584
,351
i, 060

,502
639
639
,464
,569
135

$3.00
3.00
3.00
3.00
3.00
3.60
3.30
3.33
2.90
2.70
3.25
3.22
3.47
3.51

Per cent.

62
62
62
62
62
62
62
50
57
50
50
46
50
47

KANSAS.

All of the coke made in Kansas is by the lead and zinc smelters for

use in their furnaces and is made from slack. The coke industry of this

State is, therefore, only of local importance.

The statistics of the manufacture of coke in Kansas from 1880 to 1893

are as follows

:

Statistics of the manufacture of coke in Kansas, 1880 to 1893.

Tears.

1880
1881
1882
188;i

1884
1885
1886
1887
1888
1880
189.1

1891

1892
1893

Estab-
lish-

ments.

Ovens
built.

Ovens
bnild- Coal used.

Short ton,'!.

4,800
8,800
9,200

13, 400
11, 500
15, 000
23, 062
27, 604
24, 934
21, 600
21, 809
27, 181
15,437
13, 645

Coke pro-
duced.

Short tons.

3,070
5,670
6,080
8,430
7,190
8,050

12, 493
14, 950
14, 831
13, 910

12, 311
14, 174
9,132
8,565

Total
value of
coke at
ovens.

$6, 000
10, 200
11,460
16, 500
14, 580
13, 255
19, 204
28, 575
29, 073
20, 593
29, 116
33, 296
19, 906
18,640

Value of
coke at
ovens,

per ton.

$1.95
1.80
1.70
1.96
2.02
1.65
1.54
1.91
1.96
1.91
2.37
2.35
2.18
2.18

Tield of
coal in
coke.

Per cent.

64
64.4
65
62.9
02.5

53t
54:2
54
59
64
56
52
59.2
62.8
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KENTUCKY.

Owing- to tlie depression in the iron business in the South during

1893, the production of coke in Kentucky does not show as great an

increase as the conditions at the beginning of the year led us to expect,

though there was considerable of an increase in the production of 1893

over that of 1892, the production in the latter year being 30,123 tons as

compared with 48,619 tons in 1893, an increase of 34.5 per cent. Some

500 tons of this was produced from slack coal gathered in the coal

yards of Louisville. Some 34,814 tons were made in the Western dis-

trict. The remainder was made in the Pineville district.

The statistics of the manufacture of coke in Kentucky from 1880 to

1893 are as follows

:

Statistics of the manufacture of coTce in Kentucky, 1880 to 1893.

Years.
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MONTAISTA.

Owing to tlie agitation regarding silver in 1893 the demand for coke

from the Montana coking works was not as great as in 1892, and the

low price of eastern cokes made it possible to send thei^ into Montana
in competition with that produced in the State. Coke is still produced

from bat two fields, near the entrance to the Yellowstone National

Park, namely, the Gardner and the Bozeman. The production in 1893

was 29,945 tons, as compared with 34,557 tons in 1892.

The statistics of the manufacture of coke in Montana from 1883,

when ovens were first reported, to 1893 are as follows:

statistics of the manufacture of coke in Montana, 18SS to 1S9S,

Estab-
lish-

ments.
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OHIO.

In reporting upon the manufacture of coke in Ohio we have separated

the Cincinnati district, in which the coke is made from the dust and
screenings of the coal yards at Cincinnati, from the coke produced in

the remainder of the State, which is made direct from coal at or near

the mines. The Cincinnati district in this report, therefore, includes

the ovens near tbat city, and the Ohio district includes the ovens in the

remainder of the State.

Cincinnati district.—All of the coke made in this district is from the

dust and screenings of the coal yards at Cincinnati and of the coal

boats and barges that bring coal from the upiier Ohio, chiefly from
Pittsburg and tlie Kanawha region of West Virginia.

The statistics of the manufacture of coke in the Cincinnati district

from 1880 to 1893 are as follows:

Statistics of the manufactiire of colce in the Cincinnati district, Ohio, 1880 to 1893.

Tears.
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The following table gives the statistics of the production of coke 1

the Ohio district for the years 1880 to 1893.

Statistics of the manufacture of coJce in the Ohio district, Ohio, 1880 to 189S.

Tears.
Estab-
lish

raents.

Ovens
built.

Ovens
biiild- Cpalused.

Coke pro-
duced.

Total
value of
coke at
ovens.

Yield of
coal in

ovens, per ^^j^^^

Value of
1

coke at
i

1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

584
609
615
625
675
560
478
435
391
316
293
291
290
293

25

203

1

Short tons.

156, 312
180, 438
161, 890
118, 524
76, 030
51,316
42, 317

108, 251
60, 984
56, 936
58, 655
55. 917
63, 905
29, 263

Short tons.

90, 270
106, 232

91, 677
67, 728
43, 869
28, 454
24, 366
60,110
31,326
30, 016

31, 335
29, 638
32, 498
13, 436

$213,
243,

218,

159,

95,

73,

62,

150.

70,

67,

46,

45,

48,

16,

$2.37
2.39
2.39
2.36
2.17
2.60
2.56
2.50
2.25
2.24
1.47
1.53
1.50
1.24

Per cent.

57
59
57
57
58
55

57J
55J
51
52.7
53.4
53
50.9
46

Total production of coJce in Ohio.—In the following table the statistics

of the production of coke in the several districts of Ohio for the years

1880 to 1893 are consolidated

:

Statistics of the manufacture of coTce in Ohio, 1880 to 189S.

Tears.

1880,

1881,

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Estab-
lish-

ments.

Ovens
built.

616
641
647
682
732
642
560
585
547
462
443
421
436
435

Ovens
build-

25

223
12

1

Coal used.

Short tons.

172, 453
201, 045
181, 577
152, 502
108, 164
68, 796
59, 332

164, 974
124, 201
132, 828
126, 921
69, 320
95, 236
42, 963

Coke pro-
duced.

Short tons.

100, 596

119, 469
103, 722
87, 834
62, 709
39, 416
34, 932
93, 004
67, 194
75, 124
74, 633
38, 718
51, 818

22, 436

Total
value of
coke at
ovens.

$255, 905
297, 728
266. 113
225, 660
156, 294
109,723
94, 042

245,981
I

166, 330
188, 222
218. 090
76, 901

112, 907
43, 071

Value of
coke at
ivens, per

ton.

$2.54
2.49
2.57
2.57
2.49
2.78
2.69
2.65
5.48
2.50
2.92
1.99
2.18
1.95

Yield of
coal in
coke.

Per cent.

58
59
57
58
58
57
59
56
54
56
59
56
54.4
52

P E ]sr ]sr S Y I. V A N I A .

The coking districts of Pennsylvania are divided in this and previous

volumes of Mineral Eesources into the twelve districts named in the

table given below. The division of these districts is chiefly geograph-

ical and for the most part explains itself.

The Allegheny Mountain district includes the ovens along the line of

the Pennsylvania railroad from Gallitzin eastward over the crest of the

AUeghenies to beyond Altoon?i. The Allegheny Valley district includes

the coke works of Armstrong and Butler counties, and one of those in

Clarion county, the other ovens in the latter county being included in

the Eeynoldsville-Walston district. The Beaver district includes the
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ovens in Beaver county; theBlossburg and Broad Top those in theBloss-

burg- and Flat Top coal fields. The ovens of the Clcarflehl- Center dis-

trict are chiefly in the two counties from wliich*it derives its name.

The Connellsville district is the well-known region in western Pennsyl-

vania, in Westmoreland and Fayette counties, extending from just

south of Latrobe to Fairchance. The Greensburg, Irwin, Pittsburg,

and Eeynoldsville-Walston districts include the ovens near the towns

which have given the names to these districts. TheUpper Connellsville,

sometimes called the Latrobe, district is near the town of this name.

A notable feature of the coke industry in Pennsylvania in 1893 is

the great falling off in production, the total Jiaving declined from

8,327,612 tons in 1892 to 0,229,051 tons in 1893, a decrease of over 25

per cent., and the smallest production in Pennsylvania since 1887, when
5,832,849 tons were produced. All of the twelve districts, with the

exception of three, namely, the Allegheny Valley, the Greensburg, and
the Pittsburg districts show a notable falling oli" in the production of

coke during the year. The reduction of production in the Connells-

ville region is from 6,329,452 tons in 1892 to 4,805,623 tons in 1893.

This great decrease in production is due to the depression in the blast-

furnace industry.

The statistics of the production of coke in Pennsylvania by districts

in 1891, 1892, and 1893 are given in the following tables:

Colce production in Pennsylvania in 1893, hy districts.

Districts.
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CoTceproduction in Penn»ylvania mi 1892, by districts.

Districts.

Estab-
lish-

ments.

Num-
ber of
ovens.

Num-
ber of
ovens
build-
ing.

Coal used.
Coke pro-
duced.

Value of
coke at
ovens.

Aver-
age

price
per
ton.

Yield
of coal

coke.

Allegheny Mountain ..

Allegheny Valley
Beaver
Blossburg
Broad Top
Clearfleld-Center
Connells ville

Greensburg
Irwin
Pittsburg
Eeynoldsville-Walston
Upper Connellsville - .

.

Total

16
3

2
2
5
7

31
2
4

15

1,260
148
10

404
488
731

17, 309
58
696
725

1,734
1,843

109 25, 366

8

261

Short tons.

724, 903

3,925
30, 746

185, 600
231, 357

9, 389, 549
15, 005

328, 193
292, 357
683, 539
706, 171

Short
448

2,

16,

117,

147
6, 329

9,

202
176,

425
451

tons.

,522

,154
,675
554
,819
,452
,037
,809
1,365

,250
,975

$775, 927

6,270
45,855

216, 090
264, 422

11, 598, 407
13, 173

284, 029
376, 613
743, 227
691, 323

$1.73
0.

2.91
2.75
1.84
1.79
1.83
1.46
1.40
2.14
1.75
1.53

Per et.

61.9
0.

54.9
54.2
63.3
63.9
67.4
60.2
61.8
60.3
62.2
64

12, 591, 345 8, 327, 612 15, 015, 336 1. 80 66.1

CoJce production in Pennsylvania in 1891, iy districts.

Districts.
Estab-
lish-

ments.

Num-
ber of
ovens.

Num-
ber of
ovens
build-
ing.

Coal used.
Coke pro-
duced.

Value of
coke at
ovens.

Aver-
age
price
per
ton.

Yield
of coal

coke.

Allegheny Mountain .

.

Allegheny Valley
Beaver
Blossburg .,

Broad Top
Clearfleld-Center
Connellsville ,

Greensburg
Irwin
Pittsburg ,

Beynoldsville-WHlston
Upper Connellsville . .

.

Total

1,201
148
88

407
448
666

17, 551
58

696
590

1,747
1,724

Short tons.

708, 523
21, 833
4,224

46, 084
146, 008
293, 542

7, 083, 705
38, 188

323. 099
154, 054
769. 100

1, 000, 184

Short tons.

448, 067
11,314
2,332

24, 351
90, 728

183, 911

4, 760, 665
22, 441

197, 082
94, 160

470, 479

649, 316

$782, 175
25, 909
6,663

66, 195
197, 048
339, 082

8, 903, 454
36, 627

266, 061

201, 458
744, 098

1, 111, 056

$1.75
2.29
2.86
2.72
2.17

• 1.84
1.87
1.63
1.35
2.14
1.58
1.71

Per ct.

63
52
55
53
62
63
67
50
61
61
61

65

25, 324 10, 588, 544 6, 954, 846 12, 679, 826 1.82 66

It will be seen from the above table that out of a total production of

coke in the United States in 1893 of 9,477,580 tons, Pennsylvania pro-

duced 6,229,051 tons, or 65.7 per cent. The Connellsville, Eeynolds-

ville, Walston, and Upper Connellsville districts each produced more

coke than any State except Pennsylvania, Alabama, and West Vir-

ginia, while there were but seven States in the Union that produced

more coke than the Allegheny Mountain, Irwin, Broad Top, Clearfield-

Center, or Pittsburg districts.

In the production of this 6,229,051 tons of coke 9,386,702 tons of

coal, valued at $5,738,798, or 61 cents a ton, were used. The yield of

coal in coke was 66 per cent.

Of the 9,386,702 tons of coal used, 8,302,307 tons were run-of-mine,

unwashed, and 739,128 tons slack coal, unwashed, while 216,762 tons

of run-of-mine and 128,505 tons of slack were used, washed. The aver-

age value of the coke produced in Pennsylvania was $1.52 a ton in 1893,

as compared with $1.80 in 1892.
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In the following table are given the statistics of the production of

coke in Pennsylvania for the years 1880 to 1893:

Statistics of the manufacture of coke in Pennsylvania) 1880 to 189S.

Years.
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The following are the statistics of the manufacture of coke in the

Counellsville region from 1880 to 1893

:

Statistics of the manufacture of coke in the Connellsinlle region, Pennsylvania. 1880 to 1S93.

Tears.
E,stal)-

lish-

ments.
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The following table gives the ruling prices of blast-furnace coke free

on board at the ovens for the past thirteen years

:

Monthly prices of Coniielhville hlusl-fnrvace colce/ree on hoard at ovens.

Months.

January ..

February .

Marcli
April
May
June
July
August...
September
October . .

.

November
December.

1881.

$1.5(1-

1. 50-

1.50-

1. 6U-

1.60-
1.60-

1. 50-

1.60-

1.60-

1.60-

%l. 75
1. 75
1.75
1.75
1.65
1. 05

• 1.60
1.60
1.60
1.65
1.65
1.70

1882.

$1. 70-$l. 80
1. 70- 1. 80
1. 70- 1. 75
1.70- 1.75
1. 65- 1. 70
1.50- 1.65
1. 35- 1. 50

1.35
1.35
1.25
1.35
1.35

1.25-

1.25-
1.15-

1883.

$1.15-sl;1.

1. 20- i.

1.

1.

.95- 1.
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AUeglieny Mountain district.—This district was not as important a

coke producer in 1893 as in 1892, its production fell from 448,522

tons in 1892 to 173,131 tons in 1893, its position among the districts

being the sixth in 1893 and the third in 1892. This district includes

not only the ovens along the Pennsylvania railroad from Gallitzin east-

ward in Cambria and Blair counties, but the ovens in Somerset county

as well. Of the fifteen coke works in this district seven made no coke

in 1893.

The statistics of the manufacture of coke in the Allegheny Mountain

district from 1880 to 1893 are as follows

:

/Statistics of the manufacture of coJce in the AUefiheny Mountain district of Pennsylvania,
ISSO to 1S93.

Years.

1880
1881
1882
1883
1884
1885
1886
1887
18S8
1889
1890
1891
1892
1893

Estab-
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The Broad Top district.—In this district are included ;ill the ovens in

what is known as the " Broad Top coal fields," the ovens being situated

in Bedford and Hnntingdoii counties.

The statistics of the inauufaoture of coke in the Broad Top region,

Pennsylvania, for the years of 1880 to 1893, are as follows

:

Statistics of the manufacture of coke in the Broad Top region, Pennsylvania, ISM to 1893.

Tears.
Estab-
lish-

ments.
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The following are the statistics of the manufacture of coke in the

Beaver district, Pennsylvania, for the years 1880 to 1893

:

Statistics of the manufacture of cohe in the Beaver district, Pennsylvania, 1880 to 1893.

Years.

1880
1881
1882
18-i3

1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Estab-
llsh-

mouts.

Ovens
built.

106
106
106
107

87
65

145
90

Ovens
build- Coal used.

Short tons.

8, 013
6,887

11, 699
19, 510

2, 250
686
698

25, 207
262

3,100
4,010
4, 224
3, 925

2,998

Coke pro-
duced.

Short ton.9.

4,880
4, 333

7,960
12, 395
1,390

438
411

13,818
175

1,853
2,148
2,332
2, 154
1,644

Total
value of
coke at
ovens.

Value
of coke
at oveu.s,

per ton.

$10, 150
9,013

15, 124
21, 062
2,168

696
646

24, 137
260

3,848
4,564
6.663
6,270
4,446

$2.08
2.08
1.90
1.70
1.56
1.59
1.57
1.75
1.48
2.07
2.12
2.86
2.91
2.70

Yield of
coal in
coke.

Per cent.

61
63
68
64
62
63
59
55
66.6
60
53.5
55
54.9
54.8

AUerjliemj valley distriGt.—Thifi district includes the coke works of

Armstrong and Butler counties, situated in the valley of the Allegheny

river.

The statistics of the manufacture of coke in the Allegheny valley

district for the years 1880 to 181)3 are as follows

:

Statistics of the manufacture of coke in the Allegheny valley district, Pennsylvania, 1S80
io 1893, inclusive.

Years.
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The following ar^thc" statistics of the mauufacture of coke iu the

Eeynoldsville-Walstou district for the years 1880 to 1893:

Statisiica of the manufacture of coke in the Reijiioldsvllle-Walston district, J'ennsylvania,

ISbV to 'lS03.

Tears.

1880
1881
1882
1883
1884
1885

fB86
887

1888
1889
1890
1891
1892
1803

EHlab-
lish-
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The follomng are the statistics of the manufa^iire of coke in the

Irwin district for the years 1889 to 1893.

Statistics of the mannfactnre of coke in ihe Irivin district, Pennsylvania, 1889 to 1893.

Tears.
Estab-
lish-

ments.

Oyotis
built.
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VIRGINIA.

But one of the two cote works in Vir.jLjiiiia draws any portion of its

supplies of coal from Virginia coal mines. The coke works at Poca-

hontas, in the Flat Top region, gets most of its coal from Virginia; the

mines, however, are on the line between Virginia and West Virginia,

and some of the coal used is mined in the latter State. The ovens at

Lowmoor, in Alleghany county, Avhich are on the Chesapeake & Ohio

railroad, just east of the West Virginia line, draw their entire coal sup-

plies from the New Eiver coal fields of West Virginia. As the coke is

made in Virginia, its jn'oductiou is credited to this State; but the sev-

eral coal fields from which the coal is drawn will be described in con-

nection with tbe report on West Virginia.

The following are the statistics of the manufacture of coke in Vir-

ginia from 1883 to 1893

:

Statisticii of the manufacture of colce in Virginia, 1S83 to 1893.

Estab-
lish-

meuts.
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The following are the statistics of the mauufacture of coke in Wash-

ington for the years 1884 to 1893, the only years in which coke has

been made

:

statistics of the production of colce in Wasliincjlon, 1SS4 to 1893.

Tears.
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near Brarawell, in Mercer county, West Yirginia, on the vsoutheast

slope of Plat Top luoantaiii; (3) the Klkhorn district, including- the

workings in McDowell county, West Virginia, on the northeast slope

of the Flat Top mountain, on the headwaters of the Elkhorn.

By reason of the extension of the Norfolk and Western railroad above

referred to there was a considerable increase in the production of the

Flat Top district in 1893, the total coke produced in that year being

451,503 tons, as compared with 353,696 tons in 1893. This is the one

district in the United States that shows an important increase in pro-

duction, and that notwithstanding the very great decrease in the demand
from Virginia and southern furnaces due to the continued depression

in iron. Large quantities of coke were shipped to Chi cago and points

on the Ohio river extension of the Norfolk and Western which more

than made up the loss in demand from the markets previously occupied

by this coke.

It will be noted that there has been a great increase in the number
of ovens buildings, it rising from 2,848 at the close of 1892 to 4,349 at

the close of 1893. Regarding this great increase in the number of

ovens the board of managers of the Flat Top Coal Association say, in

their seventh annual report, that " the number completed would have

been far in excess of any previous year had not the railroad company,

under date of August 1, refused to recognize in its car distribution more

than a stipulated number of ovens until the growth of business would

warrant their erection. Six hundred and eighty-three new ovens were

completed (this is on the leases of the Flat Top Goal Land Association

only), and the lessees are under agreement with the association and

railroad company to erect several hui\dred more during the early part

of the coming year. As the distribution of coal cars is based upon the

number of coke ovens at each colliery, there has been a great incentive

to build more ovens than were required by the coke trade, and the

action of the railroad company last summer should prevent the useless

waste of money by the operators in advance of the requirements of the

business."

The report of the Flat Top Coal Land Association, to which we
have referred, gives the following statement as to the results of mining
from the beginning of operations in this district:

Total area of coal under lease December 31, 1893... acres.. 26,016.2

Mined out during the year do 299. 9

Yield in coal tons.

.

2, 311, 592

Average yield per acre do 7, 713

Total area mined out December 31, 1893 acres .

.

1, 701. 8

Total yield in coal .tons.. 15,005,909

Average yield per aero do 8,818

Commenting on this table, the board of managers says: " There was
a decided falling oif in the yield per acre during 1893. This is due to

two causes—the older collieries did a large amount of robbing, and the
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new collicies liave a tliinuer seam, wliich. does uot coataiu as muck
coal per acre.

The statistics of the mamifacture of coke in the Flat Top district for

the years 18S6 to 1893 are as follows

:

Statistics of the manufacture of coke in the Flat Top district of West Virginia from 18S6
to 1893, inclusive.

Tears.
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Statistics of the manufacture of coke in the Kanaxoha district, West Virginia, 1880 to 1893.

Tears.

1880
1881
1882
188;i

188-t

1885
1886
1887
1888
1889
1890
1891
1892
1893

li.sh-

moiits.

Ov(^ii.s

built.

18
18

(a) 138

(a) 147
(a) 177
(b) 181

:i02

548
572
474
474
474
500
506

Ovens
Imild-

15
63

170

8

Coal used

.

aiiort tons.

C, 789
11, 516

. 40,782
58, 735
60, 281
65, 348
89,410

153, 784
141,641
109, 466
182, 340
241,437
242, 627
^15, 108

Coke pro-
duced.

Short tona.

4, dOO
6,900

26, 170
37, 970
39, 000

37, 551
54, 329
96, 721
84, 052
63, 678

104, 076
134, 715
140, 641
122, 241

Tot.ll

value ol'

coke at
oveus.

$9, 890
16,905
62, 808
88, 090
76, 070
63, 082

117, 049
201,418
146, 837
117,340
19G, 583
276, 420
284,174
237,308

Value
ol' coke

at
ovens,
per ton.

$2. 30
2.45
2.40
2. 32
1.95
1.68
2.17
2. 08
1.75
1.84
1.89
2.05
2.02
1.94

Yield of
coal in
coke.

Per cent.

63i
60
64

64J
64|
57 ,

60.7
63
59
58
57
50
58
56.8

a Eighty of these ovens are Copp6e, the balance beehive.
b Sixty of these ovens are Coppee, the balance beehive.

Upper Monongaliela district.—This is the district that has at times

been named the Northern district, but in view of the fact that most of

the coke is produced on the Upper Monougahela river, a better name
would be the Upper Monongahela district, though it is frequently

known as the Fairmont district. It includes the ovens on the Baltimore

and Ohio railroad and its branches at or near Fairmont and Clarksburg,

West Virginia.

, The statistics of the production of coke in the Upper Monongahela

district of West Virginia from 1880 to 1893 are as follows;

Statistics of the manufacture of colce in the Upper Monongahela district, West Virginia,

1880 to 1S9S.

Years.

1880.

188^
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.

1893.

Estab-
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vein is not found, the coal mined being Upper Freeport and Lower
Kittanning coal, the former known locally as the Thomas and the latter

as the Davis vein. The coke from the Davis vein, which is the lowest

in sulphur of any coke made in the United States, is I'argely used for

foundry purposes, and has acquired a most favorable rei)utation for its

ability to melt a large amount of iron -per pound of fuel. The district,

from its nearness to tide water, being but 214 miles by rail from Balti-

more, promises to be an important coke-producing center in the near

future.

Statistics of the manufacture of colce in the Upper Potomac district of West Virginia, 18S~
to 1S93.

Years.
Eatab-
ILsh-

ments.

Ovens
built.

Ovens
build- Coal used.

Coke pro-
duced.

Total
value of
colce at
ovens.

Value
of coke

at
ovens,
per ton.

Yield of
coal in
coke.

18S7
ISJ-S

1889
1890
1891

1892
1893

20
28
81
178
390
395
394

Short tons.

3, 565
9,176

26, 105

94, 983
1.11, 014

114, 045
123, 492

Short tons.

2,211
5,835

17, 945
61,971
76, 599
78, 691
84, 607

$4, 422
8,752

28, 559
118, 503
133, 549
121, 208
115, 250

$2.00
1.50
1.58
1.91
1.75
1.54
1.36

Per cent.

62
64
69
65
69
69
68.5

Production of West Virginia hy districts.—In the following table will

be found consolidated the statistics of the production of coke in West
Virginia in the three years especially covered by this report, viz., 1891,

1892, and 1893, by districts

:

Production of coTce in West Virginia in 1891, hy districts.

Districts.
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Production of colce in West Virginia in 1S03, hy districts.

Districts.
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TTYOMING.

The single coke-making establisliment in Wyoming, that of the Cam-
bria Iron Company, located at Cambria, Weston county, made coke in

1893, though none was made in 1892, Eegarding the coal and coke

made from it we are informed " that the coal occurs probably in the

lowest portion of the Dakota measures of the Colorado Cretaceous, and

almost ujjon the topmost rocks of the Jurassic."

The statistics of the production of coke in Wyoming for the years

1891, 1892, and 1893 are as follows

:

Statistics of the production of coke in Wyoming for 1S91, 1892, and 1893.



PETROLEUM. («)

By Joseph D. Weeks.

[The barrel used in tliis report, iiuleas otherwise speoifaed, is of 42 "Winchoster g.illons.]

IMPORTANT FEATURES OF THE YEAR.

The most notable features in connection witli the production of petro-

leum in 1893 are: (1) The great decline in jjroduction of the older fields

and the increase of the newer fields. (2) The decline in stocks held at

the wells. (3) The increase in price as compared with 1892. (4) The
increase in exports, and (5) The success attained in the refining of

limestone oils.

Briefly summarized, the facts regarding these five features of the mar-

ked of 1893 are as follows

:

Decrease in old fields and increase in new.—As compared with 1892

the production of New York declined from 1 ,273,343 barrels in 1892 to

1,031,391 barrels in 1893. The production of Pennsylvania declined

from 27,149,034 barrels in 1892 to 19,283,122 barrels in 1893, while

the Lima. Ohio, production fell off from 15,169,507 barrels in 1892 to

13,646,804 barrels in 1893. On the other hand, the production of West
Virginia increased from. 3,810,086 barrels in 1892 to 8,445,412 barrels

in 1893. The production in eastern Ohio increased from 1,190,302 bar-

rels in 1892 to 2,601,394 barrels in 1893. Indiana increased from 698,068

barrels in 1892 to 2,335,293 barrels in 1893.

The total production for 1893 shows a decline as compared with 1892,

the production of the latter year being 50,509,136 barrels,. and of 1893

48,412,666 barrels. The year 1891 marked the highest output of petro-

leum, the production for that year being 54,291,980 barrels. This was
the year of the remarkable production in the McDonald field, in Penn-

sylvania.

Decrease in stocks.—The stocks of crude petroleum in the Appa-
lachian oil fields at the beginning of 1893 were 17,615,244 barrels as

compared with 16,002,857 barrels at the beginning of 1892. At the

close of 1893 the stocks had 'fallen to 11,900,711 barrels, a decline of

5,714,533 barrels, though production in the Appalachian region had
fallen off but 2,076,022 barrels.

a For much of the statistical information used in this report the writer is indebted to the previous

publications of "Mineral Resources of the United States," to the reports of the Eleventh Census,

the "Oil City "Derrick, " the "American Manufacturer and Iron World," and Stowell's "Petroleum
Ueporter," of Pittsburg. Other special acknowledgments will be given in the body of the report.

46X
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Increase In price.—The average value of certificate oil in the Appa-

lachian fields in 1803 was 64 cents a barrel, as compared with 55f cents

in 1892, an increase of 8| cents. In the Lima field the average price

of oil advanced from 36g cents in 1892 to 47^ cents in 1893—an increase

of lOf cents.

Increase of exports.—'The total exports of petroleum in the calendar

year 1893, including in this crude, refined, and residuum, was 804,221,230

gallons, the largest exports recorded—an increase of nearly 60,000,000

gallons as compared with 1892. All forms of oil—crude, naphthas, ben-

zine, illuminating, and residuum—except lubricating shared in tliis

increased exportation.

Success attending the refining of limestone oils.—During the year 1893

most of the illuminating oil used in the United States was produced

from the limestone oils of Lima and Indiana. Success had been

attained in previous years in the use of these oils, but 1893 seems to

bave marked the era of complete success in refining these oils. It

should be said, however, that all of the limestone oils do not give

equally good results in refining.

LOCALITIES.

The important petroleum-producing localities of the United States

remain as they were at the beginning of 1893. While petroleum has

been found in nearly every State and Territory, the localities in which

it has been produced in paying quantities are few. These are the well-

known oil regions of Western Pennsylvania and ^ew York ; the Turkey

Foot, Mount Morris, Mannington, Eureka, Macksburg, and Sistersville

districts, some of which lie exclusively in West Virginia, others in

Eastern Ohio, and others still in both States. These and adjacent

districts the writer has designated as the Appalachian oil field. In

addition to this Appalachian field the most important oil-producing

district is the limestone oil field of Lima, Ohio, and the newly discovered

districts in Indiana, which are a continuation of the Lima fields, the

different sections, however, producing oils varying greatly in quality.

In addition to these two fields, the Florence oil district of Colorado

and the oil fields of Southern California are the only other imjiortant

ones. Practically all the petroleum produced in the United States is

from these four districts—the Appalachian, the limestone or Ohio-

Indiana, the Florence of Colorado, and the Southern California fields.

Outside of the districts named the total production of petroleum in

the United States in 1893 was but a little over 7,000 barrels.

While it would be rash to say that the limits of the oil fields of the

United States are well defined, the writer is of the opinion that the oil-

producing localities of the future will be those at present recognized,

or their extensions. Of course in this statement are included terri-

tories which have been only partially developed, such as the Wyoming
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districts and tliose named in our tables of production. There are pos-

sibilities that the oil producing regions of West Virginia may be

extended still farther southwardly, and the indications are that

Wyoming may be a large producer in the future. Indiana may increase

its product. At present the Kentucky and other southern oil fields,

which it was thought at one time would be factors in oil production,

give no such indications. From the Kansas and Texas fields we are

only justified at present in predicting that a few thousand barrels of

heavy-gravity lubricating oil may be produced each year. However,
there have been so many sur^jrises jjU petroleum that these statements

must be regarded as only setting forth the indications as to producing

locaUties at the present time.

TOTAL PBODUCTIOX AND VALUE OP CRUDE PETROLEUM IN THE UNITED STATES IN 1892
AND 1898.

In the following table is given a statement of the total amount and
the total value of all crude petroleum produced in the United States in

1892 and 1893 by States and important districts

:

Total amount and value of crude petroleum produced in the United States in 1892 and 1893,

states and districts.
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Frankliu district shows a sliglit increase, while the production in

Smith's Ferry declined. The production of certificate oil in Pennsyl-

vania declined greatly, from 27,061,575 barrels in 1892 to 19,196,051 in

1893. The great surprise in production is the report from West Vir-

ginia. The production of certificate oil—that is, the common grade of

oil, which is sold for the production of illuminating oil—increased from

3,807,086 barrels in 1892 to 8,427,448 barrels in 1893. The production

of Macksburg and Eastern Ohio, which in 1892 was 1,190,302 barrels,

increased to 2,601,394 barrels in 1893. On the other hand, Lima pro-

duction shows a decrease from 15,169,507 barrels in 1892 to 13,616,804

barrels in 1893. Production in Indiana advanced from 698,068 barrels

in 1892 to 2,335,293 barrels in 1893. Co]|^rado shows a decline from

824,000 barrels in 1892 to 594,390 barrels in 1893, while California

shows an increase from 385,049 barrels in 1892 to 470,179 barrels in

1893.

The oils produced in the Franklin (Pennsylvania), Burning Springs,

and Volcano districts (West Virginia), Mecca-Belden district (Ohio),

and in Missouri, Texas, and Indian Territory, are chiefly lubricating

oils, being used either as lubricators in their natural state or for the

production of a high grade of lubricating oils. All of the other oils

are what are known as illuminating or fuel oils. The Indiana and

Lima oils have in the past been regarded chiefly as fuel oils, and while

they are still used to a large extent for fuel purposes, the illuminating

oil produced from them, especially from the most eastward pool in Ohio,

is of a very high character, the recent methods adopted for refining it

being such as to remove thoroughly its oflensive odor and to make from

it all illuminating oils better in character than that produced from the

Appalachian crude.

Value of petroleum produced.—The total value of the 48,412,666

barrels of crude petroleum produced in the United States in 1893

was 128,932,326, or more than $3,000,000 greater than the value of the

total product of 1892, though the production of 1892 was over 2,000,000

barrels greater. The average value of certificate oil, or most of that

produced in the Appalachian field—that is, in New York, Pennsyl-

vania, West Virginia, and the Eastern district of Ohio—was 64 cents

a barrel. The average value of Lima oil was 47;^ cents a barrel, and

of that of Indiana 45 cents a barrel.

The average value of the Franklin lubricating was $4 a barrel; of the

Volcano, West Virginia, $2.25 a barrel; of Burning Springs, 83 cents

a barrel; of Colorado, 83| cents a barrel, and of California $1.29 a

barrel.

PEODUCTION OF CEUDE PETROLEUM IN THE UNITED STATES, 1859 TO 1893.

In the following table will be found a statement of the production

of crude petroleum in the United States from 1859 to 1893 by States;
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From the above table it appears tliat tlie enormous total of 607,360,164

barrels of crude petroleum—nearly 100,000,000 tons—liave been pro-

duced in the United States since the beginning of operations at Titus-

ville, Pennsylvania, in 1859. By far the largest portion of this has

been produced in what is known as the Pennsylvania and New York
oil fields. These have produced 478,492,880 barrels, or nearly 80 per

cent, of the total. Ohio has produced 96,990,189 barrels, or nearly 16

per cent.; West Virginia, 20,481,855 barrels, or a little over 3 per cent.

;

California gives 4,769,450 barrels, or about eight-tenths of 1 per cent.,

while the production of Indiana and Colorado are very nearly the same,

Indiana's total production, two thirds of which was in 1893, being

3,266,866 barrels and Colorado's j)roduction being 3,143,097 barrels.

Kentucky and Tennessee have, together, produced but 219,513 barrels.

For convenience of reference a statement is given below of the pro-

duction of petroleum in the United States from 1889 to 1893, by States.

Production ofpetroleum in the United States from 1S89 to 1893.

[Barrels of 42 gallons.]

States.

Pennsylvania and ISTow York
OMo
West Virginia
Colorado
California
Indiana
Kentucky
niinois
Kansas
Texas
Missouri
Indian Territory

Total.

1889.

21,487,435
12, 471, 40G

544, 113

316, 476
303, 220
33, 375
5,400
1,460

500
48
20

35, 163, 513

1890.

28, 458, 208

16, 124, 656
492, 578
368, 842
307, 360
63, 496
6,000

1,200
64

278

45, 822, 672

1891.

33, 009, 236
17, 740, 301

2, 406, 218
f)65, 482
323, 600
136, 634
9,000

1,400
54
25
30

54, 291, 980

1892.

28, 422, 377
16, 362, 921

3, 810, 086
824, 000
385, 049
698, 008

6,500

50, 509, 136

1893.

20, 314, 513
16, 249, 769

8, 445, 412
594, 390
470, 179

2, 335, 293
3,000

48, 412, 666

EXPOBTS.

In the following table the exports are given of crude petroleum and
its products from the United States from 1871 to 1893, together with a

statement of the production of the United States in the years named.
The figures of exports are from the Statistical Abstract of the United

States, published by the Bureau of Statistics, Treasury Department.

The figures of production are collected by the writer.
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PBODUCTIOIV OF PETROLEUM BY FIELDS.

As is stated elsewhere the chief petroleum-producing fields of the

United States are four, namely, the Appalachian, which includes all

the oil-producing territory in Few York, Pennsylvania, West Virginia,

and the eastern part of Ohio; (2) the Limestone, or possibly better, the

Lima-Indiana field, which includes the petroleum-producing districts

beginning near Lima, Ohio, and extending in a southwesterly direction

into Indiana, and from which comes all of the oil produced in North-

eastern Ohio and in Indiana; (3) the Florence of Colorado, situated in

and near the town of this name, which includes practically all the oil-

producing territory in Colorado as at present developed ; and (4) the

Southern California, which includes the oil-producing territory in Santa

Barbara, Ventura, Los Angeles, and Kern counties. These several

fields will be described more in detail in connection with the state-

ments of production. The other fields of the United States are of but

little importance.

In the following table will be found a statement of the production of

petroleum in the United States in 1893, by fields

:

Production ofpetroleum in the United States in 1893, hy fields.

[Barrels of 42 gallons.]

Fields.
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Eureka are in botli West Virginia and Ohio. The pipe lines in receiving

oil do not discriminate between the products of the States. Though
the accounts kept with the producers by the jjipe-line companies make
it possible in most cases to ascertain very nearly the iH'oduction of each

State, the conditions are such that it is almost impossible to give accu-

rately by States the other information that has usually been published

in Mineral Resources. This will particularly apply to well records and

the statements of shipments, deliveries, and stocks. Stocks and ship-

ments can be given accurately for the entire Appalachian held, but

when once the oil is in the pipe lines it is impossible to say whether

the deliveries in the Bradford region are New York or Pennsylvania

oil, and in the southwestern region whether they are West Virginia,

Ohio, or Pennsylvania oil, and the same is true of the stocks. Well
records might be so kept as to give the data for each State accurately^

but the importance of a report of this character would not justify the

labor involved.

The practice will therefore be changed from that which has obtained

in previous reports on petroleum in these reports, and treat the Appa-
lachian field as a whole, giving the well records, production, shipments,

stocks, etc., for the entire field. In connection with each State, how-

ever, we shall give production as heretofore.

In the volume " Mineral Resources of the United States, 1892," and
in the report on Mineral Industries at the Eleventh Census will be

found quite complete statements regarding the geological occurrence

of petroleum in Ii^ew York and Pennsylvania, as well as statements

regarding the character and composition of the petroleums from these

States. The statements regarding the oil horizons of Pennsylvania

will apply to the entire oil-producing territory of the western slopes of

theAppalachian range. The great deposits are in the Devonian, though
considerable oil is produced from the Carboniferous. The amount of

oil found in the latter is, however, small compared with that found in

the former. The petroleums from the Appalachian field, which are

chiefly used in the production of illuminating oil—though some very
high grade natural lubricants are found—are, as they come from the

ground, clear, semi-transparent, generally of an amber color, but vary-

ing somewhat in this regard with their density. These oils, as a rule,

produce from 10 to 11 per cent, of naphthas, from 75 to 78 per cent, of

illuminating oils, from 2 to C per cent, of heavy oils, from 2f to 4 jjer

cent, of residuum, and show from 5 to 8 per cent, of water and loss.

Production in the Appalachicm Jield.—While petroleum has been pro-

duced for many years in the four States constituting the Appalachian
field, it was not until 1890 that the production in eastern Ohio, and not
until 1891 that that of West Virginia, showed the notable increase

which marked these localities as important petroleum producers. In

order to show the advances in these localities the following table gives

statistics of the output of the Appalachian field from 1889.
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Production of petroleum in the Appalachian oil field from 18S9 to 1S9S,

[Barrels of 42 gallons.]

Tears.
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From this table it appears that the largest production in any one

month in the four years covered was in November, 1891, when the out-

put was 4,070,287 barrels. An examination of the table will show that

a notable increase in production began in August, 1891, when the pro-

duction was 2,740,797 barrels, which gradually increased to November,

when itwas 4,070,287 barrels. It then slowly decreased, with the excep-

tion of a slight increase in June, July, and August, until September,

1892, when the output was 2,698,196 barrels. From this date, Septem-

ber 1892, to the close of 1893, the production by months was fairly uni-

form, varying but 100,000 or 200,000 barrels. The lowest monthly pro-

duction since September, 1892, has been 2,350,490 barrelti in February,

1893. The highest has been 2,769,501 barrels in March, 1893.

Average daily produotion of the Appalachidn field.—The figures that

are usually in the mind when production is spoken of is the average

daily production. This is given in the following table for the years from

1890 'to 1893. These averages are ascertained by dividing the produc-

tion of each month by the number of days in the month and the average

forthe year is found by dividing the total production for the year by 365.

Average daily product of crude petroleum in the Appalachian field each month for the years
^

1890 to 1893, ly months and years.

Tears.

1890.
1891.
1892.
1893.

January.

Barrels.
70, OBO

95, 747

97, 292

80, 382

February.

Barrels.
75, 081
87, 568

100, 802

83, 946

March.

Barrels.
76,931
84, 464
93, 082

89, 339

A.pril.

Barrels.
79, 393
86, 433

93, 407
83, 120

May.

Barrels.
79, 079
82, 251

88, 447
86, 247'

June.

Barrels.
81, 687
85, 529
91,9]5
88, 970

Tears.

1890.
1891.
1892.
1893.

July.

Barrels.
83, 977
81,965
89, 010

85, 746

August.

Barrels.
83, 817

88, 412
91, 979

?8, 947

Septem-
ber.

Barrels.
88, 896

102, 960

89, 940

89, 410

October.

Barrels.
92, 210

123, 343
88, 047

85, 535

Novem-
ber.

Barrels.
89, 228

135, 676

86, 888

83, 776

December.

Barrels.
87, 792

123, 492
85, 631

85, 550

Average,

Barrels.
82, 376

98, 191

91, 328
.85, 926

As usually given, the tables of average daily production only include

the average daily receipts published by the pipe lines; that is, the

average of the ruu«, ..« they are usually termed. In the above table,

however, by average daily production is meant the average total pro-

duction, including some oil that is not reported in the daily returns of

the pipe-line runs.

This table needs but little comment. Since March, 1893, there have

been no important variations in the average daily production. The

year 1893 began with an average daily production of 80,382 barrels;

this increased to 89,339 barrels in March. Since then the production

has fluctuated between 83,120 barrels, the average daily production of

AprU, to 89,410 barrels, the average daily production of September.
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The average daily production for the year 1893 was 85,926 barrels, as

compared with 91,328 barrels in 1892, 98,191 barrels in 1891, and 82,376

barrels in 1890. The largest average daily production in any one

month covered by the table was 135,676 barrels in November, 1891;

the smallest in January, 1890, when it was but 70,030 barrels.

Pipe-line runs in the Appalachian field.—Usually the terms produc-

tion and pipe-line runs are regarded as synonymous, but the production

is usually somewhat in excess of the runs. By pipe-line runs are meant

the amounts of oil which the several pipe lines receive from the wells.

If all oil was sent from the wells by pipe lines, these runs would

indicate the total production of petroleum in a given year, less the

oil remaining in tanks at the wells. In other words, on the basis

that all oil was shipped from the wells by pipe lines, the total production

of a year would be the total runs plus the stock of oil on hand at

the wells at the close of the year minus the well stocks at the beginning

of the year.

In the following table will be found the ijipe-line runs in the Appa-

lachian oil field in 1893, by lines and by months.

Pipe-line runs in the Appalachian oil field in 1893, by lines and months.

[Barrels.]

Months.
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The runs, or receipts as tbey are sometimes called, given in the above

table are of Pennsylvania and New York oil, with the exception of the

Eureka runs, which are of West Virginia oil, the Buckeye-Macksburg

runs, which are of eastern Ohio oils, and a portion of the Mellon pipe-

line runs, which is partly West Virginia and partly eastern Ohio oil.

Of the 3,103,915 barrels received by the Mellon pipe line, 1,139,979

barrels were from the Sistersville field. This was received from both

sides of the Ohio river, and the figures are not kept separately. To say

that half of this was from Ohio and half from West Virginia would be

probably as near correct as can be estimated.

It will be noted that the total of runs reported in the above table is

31,003,260 barrels, while the total production of the Appalachian oil

field given above is 31,362,890 barrels. In the total production is

included the production of Smiths Ferry in Pennsylvania and Vol-

cano and Burning Springs in West Virginia, which are not included in

the pipe-line runs. These amount to 38,757 barrels. The remainder

of the difference should be charged to dump oil and to other produc-

tion that is not included in pipe-line runs.

Shipments of Appalachian field oil.—In the following table the total

deliveries are given of petroleum by the pipe lines in the Appalachian

oil field from 1889 to 1893, by months.

These figures must not be taken as showing the actual consumption

of oil. To them must be added, in order to ascertain what becomes of

the oil produced in the oil regions, all of the sediment, the dump oil,

or oil that does not pass through the pipe line, as well as the amount

of oil destroyed by fire and disposed of in other ways than by refining

or direct consumption. There is also a certain amount of loss by evap-

oration and otherwise. This is provided for by the pipe lines in receiv-

ing the oil from the producers, a certain number of gallons per barrel

being allowed for such loss. Forty-four gallons are generally delivered

by the producer to the pipe line as a barrel, but certificates are issued

for barrels of 42 gallons only.

This table, therefore, only shows the deliveries by pipe lines to cus-

tomers in the regular way of business. The total consumption of oil

during the year can only be ascertained by adding to the production

of the year the stocks at the beginning of the year and subtracting

from this total the stocks at the close of the year. This will in no case

equal the deliveries. For example, at the close of 1892 the stocks on

hand in the pipe lines of the Appalachian oil field were 18,037,385 bar-

rels. The production of this field for 1893 was 31,362,890 barrels.

These two make a total of 49,400,275 barrels to draw upon in the year

1893. The total stocks of petroleum in tanks at the close of 1893 were

12,316,611 barrels, which, subtracted from the above total of available

petroleum for 1893, namely, 49,400,275 barrels, shows a total consump-

tion during the year of 37,083,664 barrels. Pipe-line deliveries, how-
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ever, were but 36,295,381 barrels, whicli shows a oonsumption in the

year of 788,283 barrels more than the pipe-line deUveries. This excess

is made up of dump oil, direct deliveries, waste, and the amounts that

from time to time are credited by the pipe-line companies for increase

in "B. S."

Total deliveries of petroleum in the Ai^palacMan oil field, 1889 to 1893, iy months.

Months.

January
February
March
April
May
June
July
August
September . .

.

October
K"ovember
December

Average

Totals...

1889.
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Total stocJcs ofpetroleum in the A}>2)alachian oil field at the close of each month, 1889 to

1893.

[Barrels of 42 gallons.]

January
robriiary
March
April
May
June
July
August
Seirteinber ...

October
November
December

Average

18, .'529,

17,597,

16, 994.

16, 441,

16, 044,

15, 656,

14, 928,

14. 248,

13, 581,

12, 823,

12, 353,

11, 873,

15, 089, 489

1890.

11,350,634
11.282,453
ll,472.8,'i4

11,503,776
11, 445, 975
11,318,438
11,170,539
11, 057, 828
10, 942, 934
10, 923, 831

10, 783, 567
10, 691, 729

11, 162, 547

1891.

11, 068, 179

11, S40, 147
11, 419, 782
11, 793, 604
12, 138, 347
12, 455, 630

12, 640, 790
12,791,156
13, 039, 230
13, 936, 108
15, 413, 864
16, 457, 089

12, 874, 494

16, 973, 225
17,416,399
17, 587, 512
18, 028, 753
18,404,378
19, 056, 902
19, 446, 441
19, 563, 635
19, 394, 242
19, 039, 149
18, 529, 914

18, 037, 385

18, 461, 495

1893.

17, 305, 206
17, 042, 245
16, 834, 533
16, 641, 773
16, 285, 855
15, 845, .548

15, 182, 551
14, 730, 600
14, 261, 432
13, £59, 543
12, 904, 344
12, 316, 611

15, 242, 520

This table needs but little explanation. The stocks do not represent

total stocks in the region, b.ut those held by the pii)e lines. In some

cases stocks at wells are included^ but as a rule it is assumed that

these are about the same from year to year.

The notable feature in the table is the gradual increase of stocks

from the close of 1890 to August, 1892—that is, from December, when
the stocks reached the lowest point in the years covered by the table,

being but 10,691,729 barrels, and the gradual increase until August,

1892, when they had nearly doubled, being 19,563,635 barrels. From
this time there has been a gradual decline, the close of each month
showing a reduction in stocks until at the close of 1893 they had
fallen to 12,316,611 barrels. This decline has continued in 1894, the

stocks at the close of January being 11,755,219 barrels, and at the

close of February 11,119,956 barrels.

Prices of crude petroleum in the Appalachian oil field.—The following

table from StowelVs Petroleum Reporter gives the monthly and yearly

average prices of pipe-line certificates, or the price of crude petroleum

at the primary markets, from 1860 to 1893, in barrels of 42 gallons.

These average prices cover in the latter years prices of all Appalachian

pipe-line certificate oil. It does not include the price of special oils,

such as that from Franklin in Pennsylvania or Burning Springs or

Yolcano oil in West Yirginia, nor that from the Mecca-Belden district

in Ohio, but only that grade of oil which is known as Pennsylvania

oil and is used chiefly for the production of illuminating oil.

These averages, it should be understood, are not true averages—that

is, the average which considers the price and the quantity sold at that

price—^but they are the averages of the prices obtained for certificates

from day to day. It is probable that the true average prices are

slightly under the averages usually obtained by averaging the prices.

The figures given in the following table, however, under the circum-

stances are the only ones that can be ascertained and do not vary much
from the true average.
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Monthly and yearly average pnces ofpipe-line certificates of crude petroleum at wells from
1860 to 189S.

Tears.

1860
1861
1862
18G3
1864
1865
1866
1867
1868
1869
1870
1871
1872
1S73
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Jan.
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Total numher of wells completed in the Appalachian oil fields in 1893.

Months.
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The above tables show in tbe most graphic manner the localities

from which new production in the oil fields was derived in 1893. It

will be noted that in the most northern districts—Bradford, Pennsyl-

vania, and Allegany, New York—comparatively little drilling was
done in 1893, the total number of wells completed in these two dis-

tricts in that year being but 93. This, however, is an excess of the

number drilled in 1892, which was but 58. The number drilled in the

Middle field in 1893 was less than in 1892, the number for the latter

year being 131, for 1893 but 91. Venango and Clarion, however,

showed an increase in the number of completed wells in 1893 as com-

pared with 1892, 243 having been completed there in 1893 and but 131

in 1892. The opposite, however, is true of Butler and Armstrong, the

number of completed wells in 1893 in this district being 298, whereas

in 1892, 342 were completed. In the Southwest district, also, there

was a smaller number of wells completed in the past year than in 1892,

the totals being 1,065 in 1893 and 1,230 in 1892. The Macksburg

district, however, shows a marked increase in the number of wells

completed in 1893, the total being 190, as compared with 76 in 1892

and 27 in 1891. The total number of wells completed in the entire

Appalachian oil field in 1893 was 1,980, as compared with 1,968 in 1892,

an increase of 12.

These tables also show the difference in the producing capacity of

the several districts. The average daily initial production of each well

in the Bradford district was a little less than 8 barrels, in the Allegany

district it was some 2J barrels; in the Middle field, a little over 8

barrels; in the Venango and Clarion, about 7 barrels; in the Butler and

Armstrong, 21 barrels; in the Southwest district, 74 barrels; and in

Macksburg, 13 barrels. The total average daily initial production for the

entire district was some 44 barrels. These figures do not differ mate-

rially on the whole from the figures of 1892. The average daily initial

production of new wells in the Bradford district for that year was 5

barrels; in Allegany, 3J barrels; in the Middle field, 3 barrels; in

the Venango and Clarion, 4 barrels; in the Butler and Armstrong, 31

barrels; in the Southwest district, 73; in the Macksburg, 15; and in the

entire field, 53 barrels.

This table also indicates that drilling has been carried on during the

year with little regularity. In some districts the close of the year

showed a larger number of wells completed than the beginning; in

others the largest number of completed wells was in April, May, and

June. For all the field it can be said that the largest number of com-

pleted wells was in May, June, and July, October and N^ovember show-

ing less than any previous month from May and the closing month of

the year marking an increase in the number of weUs completed.
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The total daily Initial producfcioa of new wells completed in the

Appalachian oil fields from 1891 to 1893, as far as it could be ascer-

tained, is as follows:

Average daily initial production of new wells in the Appalachian oil fields, from 1891
to 1S93.



480 MINERAL RESOURCES.

In the following table will be found a statement of the number of

dry holes drilled in each month from 1891 to 1893

:

Dry holes drilled from 1S91 to 1S93.

Tears.
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In the following table will be found a statement of the number of

rigs building in the entire Appalachian oil field at the close of each

month from 1891 to 1893:

Bigs building in the Appalachian oilfield, 1891 to 1S93,

Years.
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StocTcs of crude petroleum.—In the following table is given a state-

ment showing" the total stocks of crude petroleum, in the Appalachian

oil fields from 1871 to 1893, inclusive, by months and years:

Total stoolcs of crude petroleum in the Appalachian oil fields from 1S71 to 1893, hy months
and years.

[Barrels of 42 gallons.]

Years. January. February. March. April. May. June. July.

1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
188o
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

537, 751
532, 971
183, 728
948, 919
Oil, 703
585, 143
604, 128
555, 342
321,222
724, 194
110, 903
716, 188
187,116
884, 509
214, 274
186, 238
835, 389
927, 634
165, 607
060, 220
383, 059
511, 009
894, 486

587, 021
579, 793

1, 265, 373

2, 283. 032
4,546,188
3, 734, 835

2, 860, 636

3, 875, 904
5, 8i:i, 663

9, 004, 002
21, 108, 003

27, 059, 611
35, 692, 480
36,041,898
36, 757, 137
34, 082, 775
33, 288, 630
26, 084, 574
17, 240, 428
10, 990, 417
10, 836, 863
16, 947, 539

16, 623, 732

642, 000
662, 497

1, 244, 657

2, 648, 210
4, 592, 364
3, 829, 250

3, 210, 454
4, 342, 832
6, 318, 099
9, 606, 683

22, 105, 789
27, 822, 825
35,881,255
36, 220, 270
36, 508, 236
33, 954, 493
32. 932, 502
25, 404, 276
16. 634, 437
11,170,997
10, 939, 104

17, 126, 762
16, 437, 405

771, 000
877, 832

1, 178, 643

2, 623, 534
4, 537, 843
3, 900, 703

3, 279, 731

4, 692, 090
6, 689, 111

10, 780, 1,53

22, 963, 171
28, 547, 481
37, 789, 406
36, 642, 794
36, 464, 800
33, 823, 385
32, 955, 084

24, 893, 223

16, 076, 501

11, 178, 990
11, 313, 241

17, 566, 369
16, 236, 822

605, 000
950, 803

1, 192. 541
2, 594, 286

4, 552, 672
3, 989, 904
3, 173, 008
4, 996, 058
6, 980, 064

11, 916, 577
23, 793, 028
29, 206, 697
35, 755. 824
38, 631, 203
36, 139, 072
33, 969, 486
32, 642, 330
24, 653, 043
15, 668, 331

11, 062, 100
11,684,538
17, 988, 510
15, 878, 139

554, 000
1, 010, 302

1, 324, 493
2, 701, 625
4, 502, 672
3, 791, 642

2, 912, 674

5, 078, 189
7, 263, 150
13,099,934
24, 441, 191
29, 859, 952
35, 985, 935
38. 665, 838
35, 872, 257
34, 187, 377
32, 389, 750
24, 219, 496
15, 258, 863
10, 866, 587
12, 021, 857
18, 609, 217
15, 424, 326

511,220
990, 229

1, 433, 620

2, 279, 479
4, 386, 720
3, 326, 726
3, 004, 728
5, 031, 600

7, 353, 382
14, 116, 753
24, 888, 337

30, 715, 144
36, 371, 922
38, 985, 767
35, 686, 909
34, 428, 490
32, 289, 269
23, 586, 951

14, 541, 696
10, 663, 497
12, 239, 422
18, 989, 265

14, 768, 615

Years. August. September. October. Ifovember. December. Averages.

1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1881
1885
1886
1887
1888
1889
1890
1891
1892
1893

530, 146
997, 166

1, 513, 890
2, 932, 444
4, 223, 397
3, 304, 405
2, 852, 544

4, 717, 877
7, 114, 195

15, 063, 651
25, 005, 187
31, 772, 094
36, 164, 881
39,084,561
35, 343, 771
34, 800, 397
32, 003, 536
22, 825, 298

13, 859, 267
10, 526, 613
12,412,300
19, 101, 330

14, 304, 048

541, 300
951, 410

1, 521, 185

2, 7.58, 504
3,812,945
2, 930, 456
2, 503, 657
4, 599, 362
7, 620, 525
16,157,316
25, 066, 657
32, 400, 303
35, 752, 677
38, 740, 734
34, 939, 902
35, 061, 614
31, 340, 939
21, 876, 681

13, 198, 452
10, 341, 878
12, 650, 375
18, 952, 748

13, 817, 763

495, 102
914, 423

1, 452, 777
3, 134, 902
3, 672, 101

3, 040, 108
2, 504, 012

4, 221, 769
7, 794, 634
16,887,019
25, 309, 361
32, 608, 533
35, 613, 915
38,192,317
34, 763, 857
35, 027, 877
30, 662, 583
20, 722, 024
12, 468, 969
10, 163, 258
13, 504, 659
18, 604, 588

13, 100, 851

502, 960
886, 909

1, 493, 875
3, 449, 845
3, 701, 235
2, 955, 092

2, 471, 798
4, 289, 309
8, 051, 469

18, 025, 409
25, 509, 285
33, 728, 555
35, 506, 653
37, 925, 756
34, 668, 437
34, 525, 871
29, 325, 951
19, 734, 132
12, 021, 924
10, 080, 538
14, 952, 827
18, 097, 631

12, 457, 841

523, 000
1, 084, 423
1, 62.5, 1.57

3, 705, 639
3. 550, 207

2, 551, 199
3, 127, 837
4, 615, 299

8, 470, 490
18, 928, 430
26, 019, 704
34, 596, 612
35, 745, 632
37, 366. 126
34, 428, 841
34, 156, 605
28, 006, 211
18, 995, 814
11, 562, 593

9, 993, 600
16, 002, 857
17,615,244
11, 900, 711

567, 458
869, 897

1, 369, 162

2, 755, 035
4, 174, 189

3, 411, 622
2, 875, 434
4, 501, 308
7, 065, 834
13 525,848
23, 860, 051

30, 419, 500
35, 953, 975
37, 698, 481
35, 732, 291
34, 350, 384
31, 806, 015
23, 326, 929

14, 724, 756
10, 682, 807
12, 411, 763

18, 009, 234
14, 820, 395

The above statement of stocks includes not only the stocks of the

pipe lines that gather oil exclusively from Pennsylvania and New
York, but also stocks of the Eureka and Mellon pipe Knes. It has

been impossible to separate the statement of stocks held by these lines

from those held by the exclusively Pennsylvania lines.
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PENNSYLVANIA AND NEWTORK.
In the statistics of production, shipments, stocks, etc., of the Appa-

lachian oil field, given elsewhere in this report, are included the statis-

tics for Pennsylvania and Kew York, as well as for West Virginia and
eastern Ohio, these four localities making up the Appalachian field.

It is important, however, to give, as far as the same can be ascertained,

the statistics of production, etc., for each of these localities. This is

especially necessary regarding Pennsylvania and New York, as for

many years the statistics of petroleum in the United States were prac-

tically those of production in these two States.

For reasons that have been stated before, it is exceedingly difficult

to ascertain the exact figures for the several States separately for cer-

tain of the items that we should include in this report. There is but
little difficulty in ascertaining the production of the several States, but
no little trouble has been encountered—in fact, it has been found impos-

sible in some cases—in separating stocks, shipments, etc.

In the following table is given a statement of the production of crude

petroleum in Kew York and Pennsylvania by districts and months.

The production of New York includes the total production of Allegany
county and a portion of that produced in the Bradford district. The
production of Allegany, New York, is given as 733,709 barrels; the

production of Bradford at 3,502,136 barrels. It is estimated that the

production of Cattaraugus county. New York, which is a portion of the

Bradford field, is abDut 8J per cent, of the total production of the

Bradford district. On this basis the production of Cattaraugus county
would be 297,682 barrels, which, added to the production of Allegany
county. New York, would make the total production of New York
1,031,391 barrels, and of Pennsylvania, including the Franklin lubri-

cating-oil district and Smiths Ferry, 19,283,122 barrels. The total

production of Pennsylvania and New York in 1893 is given in the table

as 20,314,513 barrels.

Froduction of crude petroleum in Pennsylvania and New York in 1893, by districts and
months.

[Barrels of 42 gallons.]

Districts. January, February March. April. May. June. July,

AUegany, !N". T
Bradford, Pa
Middle district
Clarendon and 'Warren
Tiona
Tidioute and Titusville
Grand VaUey
Second sand
Lower district
Washington county
Beaver county
Greene county
Allegheny county

56. 882
281, 801
97, 500
19, 947
39, 355
22, 061
4,200

16, 102
437, 911
160, 921
38, 757
5,038

538, 446

54, 766
271, 843

91, 221
24, 416
30, 021
21, 852
5,000

17, 577
449, 195

177, 436
38, 503
4,906

479, 609

71, 274
326, 508
111, 789
35, 287
39, 286
20, 293
5,000

24, 036
509, 504
199, 864
41,048
6,727

500, 675

66. 984
299, 002
100, 097
18, 145
34, 433
18, 084
4,500

20, 199
430, 529
175, 900
36, 178
5,933

465, 135

64, 290
313, 633
111, 346
22, 404
32, 593
18, 113
4,500

20, 490
472, 492
193, 922
41, 072
5,554

455, 816

73, 109
312, 200
96, 717
29, 351
31, 861
17, 928
4,500

20, 994
469, 033
186, 969
38, 631
5,062

486, 448

Franklin district
Smiths Ferry district

.

Total „,...

1, 718, 921
3,716
1,281

1, 666, 345
3,814
1,461

1, 891, 291
7,056
2,016

1, 675, 119
5,567
1,585

1, 756, 225
5,555
1,875

1, 772, 803
6,356
1,677

59, 729
287, 440
103, 823
28, 322
31, 160
18, 327
4,500

20, 096
461, 028
182, 266
39, 207
4,867

471, 8u7

1, 712, 632
5,737
1,719

1, 723, 918 1, 671, 620 1, 900, 363 1, 682, 271 1,763,655 1,780,836 1,720,088
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Production of crude petroleum in Pennsylvania and New York in 189S, etc.—Continued.

Districts.
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Clarion, and Butler counties, the field on tlie Ohio river in Beaver
county, and the fields in Lawrence county. The oil of the Venango
subdivision of the Lower district is obtained from three principal sand
beds, known, respectively as the first, second, and third oil sands, con-

tained within an interval of about 350 feet. These sands are believed

to belong to the Catskill (Devonian) formation. These sands were the

first discovered in Pennsylvania, and drillers from this field operating

in other districts designated the sands which were found in the new
districts as the first, second, and third sands, irrespective of their

geological position. The Venango sands generally consist of white,

gray, or yellow pebble rock. The oils vary, though generally they are

green in color, sometimes black, and in a few instances amber. The
gravity varies from 30^ to 51°, 48° being about the average of the oil

obtained from the third sand, which is the greatest producer. The
Butler subdivision of the Lower district includes oil pools in Butler,

Clarion, southeastern Venango, and Armstrong counties. The charac-

ter of the sands and oils are very much the same as the Venango dis-

trict. The Beaver subdivision of the Lower district includes chiefly the

Slippery Eock and Smiths Ferry fields. In both of these pools heavy
oil is obtained from the representative of the Pottsville conglomer^/te

and amber oil from the Berea grit, in the sub-Carboniferous series.

The Southwestern district includes the wells in Allegheny, Washing-
ton, and Greene counties, in southwestern Pennsylvania. The general

character of the sands and oil is similar to that of the Lower district.

As compared with 1892 there has been a falling off in every district

except the Middle district and the Clarendon and Warren district.

Some of these reductions are notable ones, Grand Valley has declined

from 128,101 barrels in 1892 to 54,700 barrels in 1893, a reduction of

more than one-half. The reduction of production in the Lower dis-

trict has been, in round numbers, 1,500,000 barrels, nearly 22 per cent.;

in Washington county 400,000 barrels, nearly 16 per cent. ; and in Alle-

gheny county from 10,196,856 barrels in 1892 to 5,488,792 barrels in

1893, a decline of nearly 5,000,000 barrels. This decline in Allegheny
county, Pennsylvania, has been due to the falling off in production of

the McDonald and a^acent fields.
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In tlie following table is given the total production of crude petro-

leum in tlie Pennsylvania and 'New York oil fields for the twenty-three

years from 1871 to 1893.

Total product of crude petroleum in the Pennsylvania and New Torlc oil fields from 1871

to 1893, hy months and years.

[Barrels of 42 gallons.]

Years.
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West Virginia oil; and all in tlie Buckeye line, Macksburg, is Ohio oil.

About one-third of that run in the Mellon pijie line is West Virginia and

Ohio oil; about one-half of this third being West Virginia, the balance

eastern Ohio oil. All of the other oil is from Pennsylvania and New York.

Average daily production in the New YorJc and Pennsylvania oilfields.—
In the following table is given a statement of the average daily pro-

duction of crude petroleum in the Pennsylvania and New York oil

fields, for each month, for the years 1871 to 1893. We desire to repeat

that this table does not show the daily average of receipts published

by the pipe lines, but the daily average i)roduction, the total i)roduc-

tion including some oil that is not reported in the daily returns of the

pipe lines.

Average daily product of crude petroleum in the Pennsylvania and Neio Yorlc field each
month for the years 1871-93, by months and years.

[Barrels.]

Tears.
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The above table shows the average dailyproduct ofcrudepetroleum in

the Pennsylvania and New York oil fields only, and is ascertained by
dividing the product of each month as given on page 486 by the number
of days in each month. The average daily production for the entire

Appalachian fieM for the years 1892 and 1893 will be found on page 471.

Shipment ofpetroleum from Pennsylvania and Wew Yorlc.—In the fol-

lowing table will be found a statement of the number of barrels of

crude petroleum and refined petroleum reduced to its e<iuivalent shipped

out of the Pennsylvania and New York oil regions, either by pipe line

or railroad, from 1871 to 1893, inclusive. In some years, especially in

the earlier ones covered by this table, a considerable portion of the oil

was shipped as refined. In this table that is reduced to its equivalent

in crude, a barrel of refined is regarded as being produced from 1^ bar-

rels of crude.

Shipments of crude petroleum and refined petroleum, reduced to crude equivalent, out of
the Pennsylvania and New Yorlc oilfields, for the years 1871-1893, hy months and years.

[Barrels of 42 gallons.]

Tears.
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For the latest years the sliipments in tlie above table are pipe-line

deliveries. This table is not accurate, but is sufficiently so to indicate

shipments in Pennsylvaniaand New York. From this table are excluded

all the pipe-line deliveries made by the Eureka and Buckeye pipe lines,

but it includes all the deliveries of the Mellon line. It would be safe

to assume, therefore, that the total shipments of crude i)etroleum from

the Pennsylvania and New York oil regions for 1893 were about a mil-

lion barrels less than the total given in the table, this million barrels

being the amount of West Virginia and eastern Ohio oils that would

be included in the deliveries of the Mellon pipe line.

Drilling wells in the Pennsylvania and New Yorlc oil regions.—In the

following table will be found a statement of the number of drilling

wells completed in each month from January, 1872, to the close of 1893,

in Pennsylvania, New York, and West Yirginia,by months and years:

Numier of drilling tvells completed in the Pennsylvania, New York, and northern West

Virginia oilfields each month from 1872 to 1893, by months and years.

Years. Jan. Feb. MUr. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Total.

1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

37
93
102
190
240
281
274
136
S20
222
347
125
229
64

270
158
57

284
553
310
175
125

120
94

104
187
231
241
226
132
230
220
340
126
227
62
280
162
52

288
482
243
171
84

89
100
110
195
242
291
2U
238
367
271
385
142
256
82

291
138
56

353
522
275
137
130

121
105
113
186
200
269
409
270
500
316
432
209
298
116
328
160
49

401
556
288
167
127

135
102
109
172
202
320
470
402
426
406
469
231
311
213
343
148
56

431
534
314
170
172

84
130
101
190
261
403
269
330
310
374
340
228
244
242
365
162
97

537
571

304
154
213

128
114
121
200
248
317
203
327
338
336
185
261
268
217
357
159
82

549
555
334
174
193

118
120
107
210
270
255
186
283
368
332
253
309
145
283
313
142
96

508
579
333
141
145

82
106
104
201
209
322
174
210
350
312
164
321
89
356
253
134
132
478
571
281
142
158

100
101
120
220
273
467
229
232
364
322
117
321
59

397
272
100
229
559
567
237
158
139

64
100
106
217
272
391
248
227
336
363
150
302
73

384
221
101
307
540
520
245
160
137

12(1

230
272
382
165
261
302
406
122
272
66

345
185
96

302
471
348
197
143
167

1,183
1 , 263
1, 317
2,398
2,920
3,939
3,064
3,048
4,217
3,880
3,304
2,847
2,265
2,761
3,478
1,660
1,515

a 5, 435
6,358
3,361
1,892
1,790

a Including 36 wells drilled in Franklin district, data for which by months were not obtainable.

OHIO.

In the volumes of Mineral Resources up to 1891 the oil-producing

territory of Ohio had been divided into three districts, namely, Lima,

Macksburg, and Mecca-Belden. An extension of the Appalachian oil

fields southward has developed a large producing territory north of

Macksburg, in the Sistersville, Eureka, and adjacent districts. This

has led to the introduction of a new field, named the Eastern Ohio, in

the reports of 1891 and 1892. In 1893, however, the Macksburg and
Eastern Ohio districts had been united under the general name Eastern
Ohio district. The Eastern Ohio district is really an extension of the

West Virginia district. The Sistersville, Eureka, and other districts

are on both sides of the Ohio, some wells being in West Virginia and
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others in Ohio. This makes it extremely difficult to distribute the

production properly between the States. In the accompanying tables

the best distribution possible has been made.

The first and most important of the oil-producing districts of Ohio is

the Lima or Northwestern, which includes the remarkable develop-

ments in the section of country of which Lima may be regarded as the

center, and which extends in a southwesterly direction into Indiana.

The oil in this district is found in the Trenton limestone. Quite a

number of distinct pools have been noted, and it is found that the oil in

these different pools varies somewhat in character, that of certain pools

having more of the sulphur compounds than that of the others.

The Eastern Ohio district includes the wells along the extreme east-

ern boundary of Ohio contiguous to Pennsylvania and West Virginia.

Most of the oil produced from this district in past years, when Macks-

burg was the center of production, was from the Berea grit. The more

recent discoveries of oil, however, have been in the sand rocks that

have been such large producers in western Pennsylvania and eastern

Ohio, notably in the Big Injun.

The Mecca-Belden district is named from the chief towns in which

the oil is found, Mecca being in Trumbull county and Belden in Lorain

county, both in the northeastern portion of the State. While the dis-

tricts are somewhat separated, the character of the oil is similar, and

hence, as the production is small, they are united in the reports. The

oil is entirely lubricating, derived from the Berea grit.

Until quite recently all the oil produced in the Lima district was

classed as fuel oil. This is no longer true, owing to the improved

methods of distillation. The illuminating oils produced from the lime-

stone oils of the Lima field are considered better than those produced

from the sandstone oils of the Appalachian fields. The percentage

yield of the Lima oil in illuminants, however, is still considerably less

than the yield of the Appalachian oils.

Production of petroleum in Ohio.—The total amount and value of the

petroleum produced in Ohio in the years 1889, 1890, 1891, 1892, and

1893 is shown in the following table:

Total amount and value of petroleum produced in Ohio from 1889 to 1893.

Districts.
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Total amount and value of petroleum ;produced in Ohio from 1889 to 1893—Continued.

Districts.

Lima
Mackabnrg . .

.

Eastern Ohio .

Mecca-Belden

Total....

1891.

Total
production,

Barrels.
17, 315, 978

400, 024>
22,8591)

1,440

17, 740, 301

Total
value.

$5, 281, 373

283, 332

12, 000

5, 576, 705

Price per
barrel.

.30^

.07

.33i

.31v

1892.

Total
production.

Barrel/!.

15, 109, 507
197, 556,1

992, 74 OS;

3,112

16, 362, 921

Total
value.

$5, 555, 832

062, 106

21, 101

6, 239, 039

Price per
barrel.

$0. 36i«j

.55/j

6.78

.38

Districts.

Lima
Macksburg .

.

Eastern Ohio.
Mecca-Belden

Total...

Total
production.

Barrels.
13, 646, 804

2, 601, 394

1,571

16, 249, 769

Total value.

$6, 448, 115

1, 664, 892

11, 335

8, 124, 342

Price per
barrel.

\0. 47i

.64

7.21J

.50

From the above table it ai)pears tliat, owing- to the increase of pro-

duction in the Eastern Ohio hekl, the total production of Ohio in 1893

was only] 13,152 barrels less than in 1892, though the production of

Lima had fallen off nearly a million and a half barrels. The value of

the oil produced in Ohio in 1893, notwithstanding the reduction in pro-

duction, was nearly $2,000,000 more than in 1892. This was due to the

fact that the value both of Lima and Eastern Ohio oil increased mate-

rially during the year. A notable feature in this connection is the

increase in the average price per barrel of all the oil produced in Ohio

during the years covered by this table. In 1889 the average value of

Lima oil was but 15 cents a barrel, of Eastern Ohio $1.07^ a barrel, the

average of all oil produced in the State being 17| cents a barrel. In

1890 the average value of Lima oil had increased to 30 cents a barrel;

the average of Eastern Ohio oil had decreased to $1.01f a barrel, while

the average value of all the oil increased to 35 cents a barrel, double

the average price of 1889. In 1891 the increase in the price of Lima
oil over that of 1890 was but half a cent per barrel, but the price of the

Eastern Ohio oil had fallen to 67 cents a barrel, making the average

value of oil in 1891 but 31 ^^ cents, as compared with 35 cents in 1890.

In 1892, however, Lima oil again advanced, the average value being

36j^o cents, while Eastern Ohio still further declined to 55i^o cents a

barrel, the average value of the production of Ohio in this year being

38 cents. The year 1893 marked an advance all around. The average

price of Lima increased to 47^ cents a barrel. Eastern Ohio to 64 cents,

and the average of the year to 50 cents, nearly three times the average

value of the oil produced in 1889.

Of the total production of petroleum in 1893 of 16,249,769 barrels,

13,646,804 barrels, or nearly 84 per cent., came from the Lima field.

The proportion of the Lima production in 1892 was 93 per cent. The
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total production of Eastern Oliio oil in 1893 was 2,601,394 barrels, or 16

per cent, of the total. The production of the Mecca-Belden district

shows a considerable falling off in 1893.

In the following tables will be found statements of the total produc-

tion of crude petroleum in Ohio in 1890,1891, 1892, and 1893, by months
and districts. In determining the total by months an average produc-

tion for each month in the Mecca-Belden district has been assumed.

Total productions of crude petroleum in Ohio from 1S90 to 1893, iy months and districts.

[Barrels of 42 gallons.]

Months. Lima.
Eastern.
Ohio and

Macksburg

Mecca-
Belden. Total.

January .

.

Tebruary

.

March
April

June
July
August
September

.

October
November

.

December.

.

Total

.

January .

.

February

.

March
April

June
July
August
September

.

October
November

.

December.

.

Total.

January . .

.

February .

.

March
April..
May
June
July
August
September

.

Octobor
November

.

December.

.

Total.

January ..

February .

March
April
May
June
July
August ...

September ,

October
November ,

December .

1890.

1891

1893.

911, 947
888, 978
955, 620

1, 040, 924

1, 142, 954
1, 175, 821
1, 354, 672
1, 411, 998
1, 559, 473

1 , 660, 069
1, 495, 099
1, 417, 327

15, 014, 882

1, 471, 858
1, 355, 734
1, 455, 628

1, 470, 661

1, 446, 284
1,491,228
1, 514, 607

1, 509, 262
1,492,115
1, 499, 834
1,271,189
1, 337, 578

17, 315, 978

1, 090, 173
1. 127, 481
1, 200, 305
1. 128, 253
1, 165, 750
1, 210, 523
1,300,197
1,401,020
1, 422, 534
1,379,909
1, 328, 548
1, 354, 814

36, 713
40, 712
53, 193
60, 729
80, 167
98, 268

118, 182
132, 173
140, 634
138, 224
113,664
95, 675

948, 780
929, 810

1, 008, 933
1,101,773
1, 223, 241
1,274,209
1, 472, 974
1, 544, 291
1, 700, 227
1, 798, 413
1, 608, 883

1, 513, 122

1, 108, 334 1,440 16, 124, 656

89, 061
40, 620

28, 297
29, 361

28, 935
25, 014
30, 571
28, 828
31, 591
27, 536
28, 428
34, 641

1, 561, 039
1, 396, 474
1, 484, 045
1, 500, 142

1, 475, 339
1,516,362
1, 545, 298
1, 538, 210
1, 523, 826
1, 527, 490
1, 299, 737
1, 372, 339

422, 883 1,440 17, 740, 301

33, 762
32, 894
42, 371
45, 439
50, 407
55, 930
69, 678

111, 377
151, 543
206, 005
188,391
202, 505

1, 124, 194
1,160,634
1,242,936
1,173,952
1, 216, 416
1, 266, 712
1, 370, 135
1, 572, 657
1, 574, 336
1, 586, 173
1,517,198
1, 557, 578

15, 109, 507 1, 190, 302 3,112 16, 362, 921

1, 037, 358
985, 620

1,161,384
1, 072, 850
1, 179, 808
1,213,521
1,231,010
1, 258, 289
1,181,493
1,154,641
1,084,324
1, 086, 506

189, 874
209, 948
238, 133
217, 001
204, 151
206, 106
213, 431
221, 865
220, 589
242, 353
222, 428
215, 515

1, 227, 363
1, 195, 698
1,399,648
1,289,982
1, 384, 090
1, 419, 758
1, 444, 572
1,480,285
1,402,213
1. 397, 125
1, 306, 883
1,31)2,152

Total 13,646,804 2, 601, 394 1, 571 16, 249, 769
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The following table gives the i^rod action of petroleum in Ohio from

the beginning of operations in that State to the close of 1893

:

Production of yetroleum in Ohio.

Years.

Previous to 1876
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885

Barrels.

200, 000
31,763
29, 888
38, 179
29, 112

38, 940
33, 867
39, 761

47, 632

90, 181
650, 000

Tears.

1880
1887
1888
1889
1890
1891
1892
1893

Total

Barrels.

782, 970
018,015
010, 868
471,466
124, 656
740, 301
362, 921
249, 769

96, 990, 189

Lima district.—Possibly the most remarkable oil district ever devel-

oped in this country is that known as the Lima, or Northwestern Ohio

district. Not only has its development been most rapid since it began

to assume prominence in 1885, but it has been found that the oil pro-

duced in this district, which, because of its peculiar character, contain-

ing as it does a portion of sulphur, it was believed coald not be used

for illuminating purposes, now furnishes most of the illuminating oil

used in the United States, though the yield of the oil in illuminants is

less than from Pennsylvania oil.

The reservoir of the oil is the Trenton limestone which lies as near a

level terrace as an area of this sort ever becomes. The oil is found at

Lima at a depth of 1,300 feet. It is dark or black and rather heavy,

and contains sulphur compounds, in these respects resembling the oils

of Canada and Tennessee.

The production of petroleum in the Lima, Ohio, oil fields from 1886

to 1893 is as follows

:

Froduction of petroleum in the Lima, Ohio, district from 1SS6 to 1893,

Years.

1886
1887
1888
1889
1890
1891
1892
1893

Barrels.

1, 064, 025
4, 650, 375
9, 682, 683

12, 153 189
15, 014, 882
17, 315, 978
15, 169, 507
13, 646, 804
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In the following table is found the production of petroleum in the

Lima, Ohio, field from 1887 to 1893, by months, so far as the same was

obtainable:

Product of petroleuvi in the Lima, Ohio, field from 1887 to 1893.

[Barrels of 42 gallons.]

Months.



PETKOLEUM. 495

Shipments of enide petroleum from the TAma-Tndiana field, from 1SS9 to 1893.

[Barrels of 42 gallons.]

Tears. January. February. March. April. May. June,

1889
1890
1891
1892
1893

Tears.

1889
1890
1891
1892
1893

367, 524
156, 085
968, 887

1, 355, 362

1, 306, 612

'362, 807
111,604
837, 928

1, 346, 541

1, 270, 595

391, 026
123, 125
330, 448

1,.532, 006
1, 390, 646

340, 889
115,223
336, 854

1, 512, 358
1, 205, 748

509, 238
169, 662

1, 078, 489
1, 427, 753

1, 321, 782

352, 886
700, 422
923, 005

1, 492. 543

1, 235, 843

July. August. Septem-
ber.

October.
Novem-
ber.

Decem-
ber.

Total.

361, 694
874, 121
997, 681

1, 389, 501

1, 152, 374

464, 325
846, 360

1, 166, 054
1, 342, 949

1, 040, 860

626, 207
813, 817

1, 260, 598
1, 125, 335

1, 038, 819

715, 386
723, 725

1, 408, 343
1,315,994
1, 196, 018

759,702
657, 614

1, 391, 400
1, 323, 204
1, 262, 130

750, 244
907, 548

1, 454, 578
1, 340, 734
1, 230, 216

5,801,928
6, 199, 306

12, 154, 865
16, 504, 880
14, 651, 643

It will be noted that the pipe-line runs and the shipments in the

Lima-Indiana field in 1893 were very nearly equal, and that the ship-

ments in 1892 were nearly 3,000,000 barrels in excess of the runs.

'Well records in the Lima district.—The number of completed wells

ill the Lima district in 1893 was 1,569, as compared with 1,446 in 1892,

and 1,575 in 1891. The total initial daily production in 1893 was
71,763 barrels, as compared with 94,460 barrels in 1892, and 74,738

barrels in 1891. That is, with 123 more wells completed in 1893 than

in 1892, the total initial daily production was 22,697 barrels less. This

is not due to an increasing number of dry holes, there being but 20

more dry holes drilled in 1893 than in 1892. The fact is that the weUs
drilled in the Lima region in 1893 were not as great producers as those

drilled in 1892.

Total nuviber of wells completed in the Lima, Ohio, district in 1893.

Montbs.

January- -.

February .

.

March
April
May
June
July
August ...

September.
October . -

.

November

.

December

.

Total

Allen.

20

Auglaize.

214

Hancock,

80

Sandusky. Wood.

760

Miscella-
neous.

TotaL

100
85

163
135
128
100
152
133
131
120
132
130

1,569
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Initial daily production of wells completed in the Lima, Ohio, district in 1893.

Months.

Jannary..-
February .

.

March
April
May
June
July
August ...

September

.

October . .

.

November.
December

.

Total

Allen.

10

97
70
40

135
5
25
10

392

Auglaize.

545
492
,875
,38U
718
867
727
640
486
330
310
185

Hancock-

40
35
170
90

180
190
145
25

190
265
685
580

2,595

Sandusky.

695
470
9G0

1,018
2,406
2,734
2,447
1,748
2,648
1,990
1, 937
1,050

20, 103

"Wood.

4,150
3,812
3,156
2,970
3,494
5.628
5,974
2,624
3, 2:i8

1.5H3
1,168
1,270

39, 067

Miscella-
neous.

70

80
19
60
185
223
47
55
50
80
180

1,051

Total.

5,510
4,809
6,241
5,477
6,858
9,701
9,588
5,124
6,752
4, 223
4,205
3, 275

71. 763

It will be seen from the followiug table that of the 1,569 wells com-
pleted in the Lima district in 1893, 203 were dry holes; in 1892, of

1,446 wells completed, 183 were dry holes.

Total numier of dry holes drilled in the Lima, Ohio, district in 1S93.

Months.

January...
February .

March
April
May
June
July
August . .

.

September.
October - .

.

November

.

December

.

Total

Allen. Auglaize.

30

Hancock. Sandusky. Wood.

97

Miscella-
neous.

29

Total.

203

The number of rigs building and the number of wells drilliug in the

Lima, Ohio, district at the close of each month in 1893, is shown in

the two following tables

:

Total numher of rigs iuilding in the Lima, Ohio, field in 1893.

Months.

January
February
March
April
May
June
July
August
September ...

October
November

—

December—
Average

Allen. Auglaize. Hancock. Sandusky. Wood. Miscella-
neous.

Total.
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Total number of wells drilling in the Lima, Ohio, field in 1893.

Months.
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Numher of wells drilling in the Lima, Ohio, districi, at the close of each month, from 1890
to 1S93.

Toara.
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Shipments of crude petroleum and refined petroleum reduced to crude equivalent from
Eaaiern Ohio disirict, from 1880 to 1803.

[Barrels of 42 gallons.]

Years.

1889.
1890.
1891.
1892.
1893.

January.

11,847
44, ;!0G

54, 363
2,591
7,174

February.

16, 168
38, 898
27, 160

2, 2(10

6,556

March.

23, 939
35, 041
1,040
1, 763
8,218

April.

8,611
30, 975
2,094
1,600
5,000

May.

9,027
13, 070
1,060
252

2,338

June.

8,934
22, 851
41,725
37, 989

1, 123

Tears.

1889.
1890.

1801.
1892.
1893-

Jnly.

15, 269
46, 394

820
1,834
1,025

August.

14, 507
107, 175

?, 318
1, 555

586

Septem-
ber.

22, 669
73, 469
3,283
2,102
1,964

October.

50, 447
57, 780
3,040
3, 773
2, 524

Novem-
ber.

47, 924
54,5)0
2,700
4,358
4,538

Decem-
ber.

47, 090
53, 704
2, 236
6,443
2,563

Total.

276, 432
578, 203
141, 839
66, 463
44, 515

In the following tables are given tlie well records iu tlie Eastern

Ohio district for 1891, 1892, and 1893:

Number of wells completed in the Eastern Ohio district in 1801, 1892, and 1893, iy months.

Tears".
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Bigs iuilding in the Eastern Ohio district in 1S91, 1892, and 1893, hy months.

Tears.
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WEST VniGINIA.

The oil fields of West Virginia are extensions of the fields of south-

western Pennsylvania and form a i)art of what the writer has elsewhere

called the Appalachian oil field. The character of the petroleum

produced is identical with that of Pennsylvania, excei)t a portion of

that from the Volcano and Burning Springs districts, where a natu-

ral lubricating oil of high grade is produced. Though certain districts

in West Virginia, as the Sistersville and Eureka, are on both sides of

the Ohio river, and the oil is run indiscriminately into pipe lines and

storage tanks, nevertheless it has been found practical to approximate

very closely the production of West Virginia as distinguished from

Ohio and Pennsylvania. As is stated elsewhere, it is not so feasible

to separate shipments and stocks by States.

The following table gives the total amount and value of petroleum

produced in West Virginia from 1889 to 1893:

Total amount anct value of jiet^-oleuvi produced in West Virginia from 1889 to 1893.

Districts.
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The production of crude ijetroleam in West Virginia by moutlis from

1890 to 1893 is shown in the following table:

Total production of crude petroleum in West Virginia Vy months, from 1S90 io 1SV3.

Months. 1890. 1893.

January...
February..
March
April
May
Julie
July
August
September

.

October
November .

December.

.

Total

38, 644

38, OGl
44,842
39, 804
39, ICO

35, 610
34, 096
31, 505
50, 342
46, 387
45, 062
49, 065

492, 578

48, 902
123, 841
229, 966
226, 020
232, 076
223, 734
221,127
238, 451
219, 528
220, 076
207, 477
215, 020

2, 406, 218

195, .51

2

186, 455
185, 468
181, 708
2l'6, 142
261, 900
328, 485
411,114
420, 882
451, 157
467. 446
513, 817

577, 933
468. 794
630, 877
594, 190
705, 714
682, 040
724, 494
843, 706
847, 558
792, 719
757, 170
820, 217

3, 810, 086 8, 445, 412

It is interesting to compare the production of petroleum in 1893 by
months with the production of the corresponding mouths in the three

]nreceding years. It will be noted that the increase in production began
in February, 1891, and has shown on the whole a marked increase,

month by month, until Sej)tember, 1893, when the highest production,

847,558 barrels, was reached. There was a decline in October and
November of 1893, but December again showed a marked increase,

bringing the production of this month within 27,341 barrels of the

highest production reached in the State.

In the following table is given a statement of the pipe-line runs of

the Eureka pipe lines in 1891, 3892, and 1893. By comparing these

pipeline runs with the statement of total production it will be seen that

very nearly all of the oil produced in West Virginia passes through

the Eureka pipe line. Of the 8,427,448 barrels of the common grades

of crude oil produced in this State in 1893, 7,554,866 barrels parsed
through the Eureka pipe line. Of the 3,807,086 barrels of similar

production in 1892, 3,666,062 barrels passed through the same pipe

line.

Pipe-line runs of the Eureka, West Virginia, pipe lines from 1S91 to 1S93, hy months.

[Barrels.]

January
February .

March ....

April
May
June
July ,

August
September

.

October
November .

December .

.

Months. 1891.

93, 847
216, 503
212, 192
218, 397
206, 941
209, 968
218,137
201, 352
205, 702
194,811
206, 523

Total ' 2, 184, 373

I

1892.

182,558
173, 897
174, 260
169, 347
194, 887
250, 807
319, 023
394, 251

404, 654
446, 050
448, 244
508, 184

3, 666, 062

520, 164
502, 657
629, 575
538, 751
567, 731

574, 535
601,369
745, 899
743, 807
720, 573
685, 333
724, 472

7, 554, 866
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As a matter of interest we give the (bllowiiig statement showing the

shipments or deliveries of crude petroleum by the Eureka pipe line for

the same months and years as given iu the above table of pipe-line

runs. This, it will bo noted, shows the total shipments in 1S93 to be

521,602 barrels, wliile the total receipts were 7,554,806 barrels. This

would indicate a stock on hand of about 7,000,000 barrels were all

deliveries covered by the table of shipments. There were actually in

stock in the tanks of this pipe line at the close of the year but 714,447

barrels. This is due to the fact that we have explained elsewhere,

luxmely, that in the table of shipments or deliveries are included only

those shipments or deliveries that are intended for consumption and

not the shiijuients or deliveries of the pipe lines to other pipe lines.

SMpmenis of o-ade petroleum by the Eureka pijie line (West Vir^uia) from 1891 to 1S93,
by months.

[Barrels of 42 gallons.]

January..
February
March
April

June
July
August . .

.

September.
October ...

November.
December .

Total.

Montbs. 1891.

10, 544
44, 944
32, 050
49, 629
35, 101

47, 268
51, 163

52, 839
58, 355
61, 587
55, 538

499, 018

1892.

54, 851
50, 184
50, 082
22, 739
31, 196
53 317
50, 855
42, 413
51, 265
61, 219
51, 641
46, 808

5G6, 570

39, 534
43, 875
27, 142
16, 386
66, 093
47,846
54, 242

47, 701
36, 431
45, 064
52, 721

44,627

521,662

In the following table is given the production of oil iu West Virginia

from the beginning of operations, so far as obtainable:

Production ofpetroleum in West Virgitiia,

Years.
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INDIANA.

Indiana shares with West Yirgiuia the credit of showing a remarka-

ble increase in the production of petroleum in 1893 over 1892. The

production of West Virginia in 1893 was some two and a half times

that of 1892, while the output of Indiana in 1893 was more than three

times its production in 1892, which was 698,008 barrels, as compared

with 2,335,293 barrels in 1893. This puts Indiana fifth in rank of pro-

ducing States, Pennsylvania beiug the first, Ohio second. West Vir-

ginia third, New York fourth, and Indiana fifth, displacing Colorado,

which has dropped to the sixth place in rank of producing States.

With the exception of a small amount of oil produced near Terre

Haute, Vigo county, the oil produced in Indiana is from an extension

of the Lima district of Ohio. The producing wells are in Black-

ford, Jay, Wells, Adams, and Grant counties, though but little oil

was produced in the last county in 1893. Four wells were drilled in

this county, all of which were dry holes. Extensive developments

are, however, being made there and they are likely to extend from the

present fields into Howard and Tipton counties. Similar deposits of

petroleum also occur in Eoyal Center, Cass county, and near Fran-

cisville, Pulaski county.

In the following tables will be found a statement of the production

of petroleum in Indiana from 1889 to 1893

:

Product ofpetroleum in Indiana from 1889 to 1893.

Total production (barrels of 42 gallons)

.

Total value at wells of all oils produced,
excluding pipage

Value per barrel

1889.

33, 375

$10, 881
$0. 32§

63, 496

$32, 462
$0. 51i

136, 634

$54, 787
$0.40

698, 068

,620
0.37

1893.

2, 335, 293

$1, 050, 882
$0.45

It is hardly necessary to call attention to the remarkable increase in

production shown in the above table.

lu the following table is shown the total production of petroleum in

Indiana by mouths in the years 1891, 1892, and 1893. The highest

production seems to have been in the month of October, 1893, when
252,568 barrels were produced

:

Total production of petroleum in Indiana, T>y months, from 1891 to 1893.

Months.

January
February .

.

March
April
May
June
July
August . .

.

September.
October
November

.

December

.

Total

1891.

Barrels.
6,171
5,981
5, J59
4,973
5,757
8, 136

10, 809
11,603
16, 500
19, 029
20, 801
21,715

136, 634

1892.

Barrels.
15,841
18, 946
24, 794
26, 184
31, 033
40, 888
49, 203
50, 109
66, 034
95, 699

129, 270
144, 067

698, 068

1893.

Barrels.
111,824
96, 025

134, 549
146, 493
186, 939
209, 616
221, 666
248, 353
245, 615
252, 568
245, 607
236, 038

2, 335, 293
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In the following tables are given statistics of the total nninber of

producing wells drilled, total number of new wells comi)leted, total

number of dry holes, and total number of wells drilling and rigs

building in the Indiana oil fields for each month in 1893:

Total numher of wells completed in Indiana in 1S9S, by counties.

Months.

January...
February .

March
April
May
June
July
August ...

September
October .'.

.

November.
December

.

Total

Blackford. Jay. Wells.

212

Adams. Total.

7



506 MINERAL RESOURCES.

Toial nnviber of wells drilling in Indiana in 1893, hy counties.

Months.

January
February
March
April
May
Juno
July
August
September
October
i^oveniber
December

Average

Blackford. Jay. Wells. Adfiins. Total.

Total nuniber of rigs huilding in Indiana in 1S9S, h\j counties.

Months.

January
February
March
April
May
June
July
August
September
October
November
December

Average

Elackford. Jay. Wells. Adaras. Total.

1
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Total number of dry holes drilled in Indiana oil fields from 1S91 to 1893, by monlhs.

Years.
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several companies producing oil, however, have placed a price upon

it which makes the average value of the production 83| cents a bar-

rel. This makes the total value of the production in Colorado in 1893,

$497,802.

It will be noted that in the last three years there has been a decided

decline in the production of oil in Colorado. In 1891 there were

065,482 barrels produced, which increased to 842,000 barrels in 1892,

but feU to 594,390 barrels in 1893.

CALIFORNIA.

The petroleum fields of California, where oil was found in merchant-

able quantities in 1892, were exclusively within the boundaries of the

southern counties, though oil has been found in many other parts of

the State. The most important of these districts are the Santa Paula

region, in which are found the Gjai, Sespe, Ex-Mission (which includes

the Adams and other districts), the Torry Canon, in the San Fernando

mountains, 22 miles west of l^ewhall, the San Fernando district, includ-

ing the Pico, Wiley, and Elsemere fields, and the Pueute district, in

which only one field, the Puente, is found ; the wells in the Santa Paula

subdistrict of the southern fields are in Ventura county; the Puente

and Pico subdistricts are in Los Angeles county. Oil has also beeo

found in Bakersfield, Kern county. The chief production at this point

is asphalt, but some maltha or asphaltic oil is also produced.

The petroleum fields of Califoruia are the most interesting in the

United States. In many respects they differ entirely from any other

fields yet opened. The oil, with the exception of that from Santa

Clara, has usually, as its base, asphaltum instead of parafiBne. The
Pacific Coast Oil Company at one time pressed paraflfine wax from the

Santa Clara oil, but the low price of the wax and the reduction in the

production of the crude compelled them to discontinue this product.

The strata in which the oil is found are tilted at a high angle. Drill-

ing is difiQcult and expensive, owing to the character of the rock and

angle at which the oil-bearing strata stand. The oil, while carrying

but a small proportion of the illuminating hydrocarbons, finds a ready

market as fuel, owing to the high price of coal in California, and it

contains practically no sediment.

Notwithstanding the price of coal in California, the increase in

production in petroleum, and other causes, have led to a decrease in

price, and the value of the petroleum produced in 1893 in California

was but $1.29 a barrel at the wells.

The oil fields of southern California were so thoroughly described in

"Mineral Resources of the United States, 1892," that it is not neces-

sary to repeat the description here.
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Production ofpetroleum in California.

Years.

Previous to 1876
1876
1877
1878
1879
1880
1881
1882
1883
1884

Barrels.

175, 000

12, 000
13,000
15, 227
19,8.58

40, 552
99, 862

128, 636
142, 857
262, 000

Years.

509

1885
1886
1887
1888
1889
1890
1891
1892
1893

Barrels.

325, 000
377, 145
678, 572
690, 333
303, 220
307, 360
323, 600
385, 049
470, 179

ALABAMA.

The following contribution to the knowledge of the oil fields of North-

ern Alabama has been contributed by Dr. C. Willard Hayes, of the

Geological Survey, as the result of his geological work in this region

:

But little exact information concerning the geology of the region be-

tween Decatur and Florence is obtainable. Most of it is contained in

Smith's Outline of the Geology of Alabama, 1878, and McOalley's Ee-

port on the Coal Measures of the Plateau region of Alabama, 1891.

The rocks of JSTorthern Alabama west of Brown's valley are wholly

of Carboniferous age with the exception of a few narrow points of de-

vonian and Silurian rocks which extend southward in an anticlinal arch,

which is the southward continuation of the broad arch forming the

basin of central Tennessee. From observations made by McCalley in

the southern formation of Franklin and Lawrence counties it seems
probable that this broad arch dies out toward the south in a number
of narrower anticlinal arches whose axes extend northeast and south-

west in a general way parallel with Brown's valley.

The geological conditions therefore seem highly favorable for oil and
gas in this region.

In the first place the whole region is underlain by the Chicamauga
(Trenton) limestone, similar to that which is elsewhere highly product-

ive. The limestone is overlain by 300 to 500 feet of imjiervious argyl-

laceous shales. Where these formations are exposed by the erosion of

a sharp anticlinal a few miles eastward in Brown's valley, there is a
stratum of coarse, porous sandstone between the limestone and shale.

This is often saturated with bitumen at the surface. If this bed of

sandstone is continuous to the westward it will probably be found act-

ing as a receptacle for j)etroleum derived from the underlying lime-

stone. It was probably from this bed that the oil was obtained in the
Moulton valley well, described in Mineral Resources of the United
States, 1889 and 1890, page 363.
The second favorable condition in this region is that the strata

apparently form gentle folds which afford the conditions necessary for

the accumulation of large quantities of oil and gas. Also, the strata
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west of Brown's valley are not so fractured by faultiug as to permit

the escape of these products.

The distance from the surface to the possibly productive horizon

depends on the location of the well and in general increases southward,

since the general dip of the strata and pitch of the anticlinal axes are

in that direction. The thickness of the strata to be penetrated is

approximately as follows: Bangor limestone, including the Oxmoor
sandstone which is variable in position and thickness, 1,000 to 1,200

feet; Fort Payne chert, 200 to 300 feet; Chattanooga black shale

(Devonian), 35 to 60 feet; and Eockwood shale, 300 to 500 feet. The
location of the well would determine how much of the Bangor would
have to be penetrated. If it were near the edge of the coal measures

which occupy the plateau the whole formation would have to be drilled,

while near tlie Tennessee Eiver, where the Fort Payne chert is exjjosed,

the thickness would be correspondingly decreased. It is a compara-

tively easy matter, however, to determine approximately the depth of

the Trenton at any point.

In the exploration of this field it is of the utmost importance to

recognize the fact that the location of accumulations of oil is determ-

ined by the underground structure and that if such accumulations

exist they may or may not coincide with the surface indications such

as oil or tar springs. The source of this tar is comparatively superficial

in the Limestone from which it flows. And in this particular region

this carboniferous limestone is too far eroded to contain accumulations

of commercial importance, although it maybe productive further south

where it is covered by a continuous sheet of Coal Measure rock. Hence
a very careful examination of the region should precede the location of

test wells. Its geological structure should be worked out so far as pos-

sible from surface dips and the anticlinal axes carefully located. By
this method a small number of test wells will fully establish the possi-

bilities of the region more satisfactorily than a much larger number
located at random, and at a fraction of the cost.

KANSAS.

About the first of January, 1894, considerable attention was directed

to the southeastern portion of Kansas as a promising field for oil and

gas. A large area of land has been leased and a number of wells

drilled. These wells have been put down over a wide area in order to

define the limits of the field. The territory is both an oil and gas dis-

trict, and generally gas is found if oil is not. The gas sand is white

or greyish pebble, usually about 120 feet below the oil sand. The lat-

ter is found at 750 to 900 feet and is from 10 to 30 feet thick; lying in

the carboniferous or Upper Coal Measures, the color of the sand is

similar to that in the Bradford field. The oil, however, resembles the

Lima product, excei)t that it has an asphalt base, like California oil,

though not as strong, and it probably will be used largely for fuel as



PETROLEUM. 511

it gives only about 45 per cent of refined. The gravity of the crude

is about 380.

The situation in April, 1891, is as follows: "Neodesha, in Wilson

county, is at present the center of operations. Here 5 wells, not far

from each other, have been fitted up for pumping, 4 of them having

been shot lightly. They pump on au average 12 barrels a day each.

Recently there have been drilled perhaps 15 test wells within this field

but 16 miles from Neodesha, which are as good producers as those at the

latter place. Some were drilled to the gas sand and show a rock pres-

sure of 400 pounds with a volume of 1,000,000 feet. A well drilled 2

miles south of Thayer, in Neosho county, is virtually dry. One drilled

at Chanute, in the northern edge of the county, about on the line be-

tween Neosho and Allen counties, and 16 miles north of Thayer, showed
regular formations but the tools were lost in the top of the sand, result-

ing in a long fishing job. There is a well at Earleton, midway between

Thayer and Chanute, which is nearly down and is showing good pros-

pects. The chief operators in this territory have the material on the

ground to drill 40 additional wells and they will proceed to give the

territory a thorough test. They also have a 35,000-barrel iron tank."

OTHER STATES.

For statements regarding the production of petroleum in States other

than those already described, in which the production has been exceed-

ingly small, those interested are referred to previous volumes of Min-

eral Resources and the report of the Eleventh Census on the "Mineral

Industries in the United States." The statements regarding produc-

tion in these States in 1893 will be found on page 5, and for the years

prior to 1893 in the table on the production of x^etroleum in the United

States given on page 7.

CANADA.

The petroleum of Canada partakes somewhat of the character of that

from the Lima-Indiana field of the United States. Most of the com-

mercial oil produced in Canada is from Lambton county in Ontario, in

which two distinct pools have been developed, known as the Oil Springs

and Petrolia, both in the township of Enniskillen. The larger, the

Petrolia field, has an area of some 2G square miles; the smaller, the

Oil Springs field, covers about 2 square miles near Oil Springs.

According to the report of Mr. H. P. H. Brumell, of the Geological

Survey of Canada, to which we are indebted for many of the facts of

this statement, these pools are divided by a very distinct synclinal

structure. The oil horizon of Petrolia lies at a depth of from 450 to

480 feet beneath the surface of the main part of the town of this name,
the oil being pumped in all instances from what is known as the lower
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voin at a point about 65 feet in the Corniferous limestone. The follow-

ing record may be taken as typical of the wells sunk in the Petrolia

field:

Well sunk near the Imperial refinery, Petrolia, Ontario.

Character of beds.

Surface
Limestone (upper lime)

.

Shale (upper soapstone)
Limestone (middle lime)
Shale (lower soapstone)
Limestone (lovrer lime)

.

Limestone, soft
Limestone, gray

Feet.

1041
40
130
15 f

43
1

68 J

40)
25 5

Formation.

Hamilton.

Corniferous.

Wells have been sunk deeper in the expectation of finding oil ; in all

cases, however, without success.

At Oil Springs the petroleum is found at some 370 feet from the sur-

face, or about 60 feet below the summit of the Corniferous limestone.

The following record is given byMr. Brumell as illustrating the geology

of the wells in the Oil Springs pools :

Record of a well sunk in the Oil Springs pool, Ontario.

Character of beds.

EAST SIDE OF FIELD.

Surface
Limestone (upper lime)
Shale (upper soapstone)
Limestone (middle lime)
Shale (lower soapstone)
Limestone (lower lime)

WEST SIDE OF FIELD.

Surface
Shale (upper soapstone)
Limestone (middle lime)
Shale (lower soapstone)
Limestone (lower Ihne)

Feet.

GO
35
101
27
17

130

80'

116
27

. 17
130

Formation.

Hamilton.

Hamilton.

The petroleum from these wells is a dark brown heavy oil, ranging

in gravity from 31J° to 35° Baume the heavier oil being obtained in

the Petrolia field, while the lighter is produced at Oil Springs and a

small pool of Euphemia township. In the latter township some forty

or fifty wells have been sunk and small quantities of oil obtained. The
field is small, the largest flow from an individual well being but a bar-

rel a day.

The crude oil has a peculiar odor of sulphur compounds, though the

form in which the sulphur exists has not yet been determined. The
actual commercial results of refining Canadian oil in 1889, according

to the returns of the refiners made to the Government during that

year, were as follows;

11
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Produets obtained in refining Canadian petroleum in 1SS9.

Products.

Illuminating oila

Bi'nzine andnaphtha
Paraffiue and other oils (including gas, paraftine black and other lubricating

oils, and paraifine wax).
Waste (including coke, t.ar, and heavy residuum)

Total

Per cent.

38.7
1.6

25.3

Attention was first drawn to the oil fields of Ontario in 1860 or 1861

by what was known as black rock oil accnmulating in considerable

quantities on the surface of water in certain wells near Oil Springs.

Search for oil began by increasing the depth of the wells, it being

found that the deeper the wells were sunk the greater accumulation of

oil. Drilling was then resorted to and wells were bored jnto the rock.

The first flowing well was struck on February 19, 1863, at Oil Springs,

at a depth of 160 feet in what is known as the upper vein. The usual

excitement and speculation followed. In 1867, with the discovery of

the King wells, the business reached a solid foundation. The price of

oil fell to 20 cents a barrel, but means were found to store the surplus.

Dr. Alexander Winchell gives a list of thirty-three flowing wells in

Enniskillen township and their capacity, prior to 1867. The daily flow

of these wells was from 200 to 7,500 barrels, fifteen of them showing a

daily production of over 1,000 barrels.

The statistics of production in the Ontario oil fields are not all

satisfactory. In the following table is given a statemeni; of the

shipments of petroleum from Petrolia, Ontario, for each month in 1892

and 1893. Part of the oil, it will be noticed, is reported as shipped

crude and part as refined, the refined being reduced to its crude equiv-

alent and added to the amount of crude shipped given in the third

column under each year, which is the total crude equivalent of all the

oil shipped. Comparison of this table with the reports compiled by
the Geological Survey Department of Canada would indicate that

these reports of shipment are in excess of the actual production

from year to year, probably as the result of duplications. The ship-

ments are given in barrels of 35 imperial gallons, this being practically

the equivalent of the American barrel of 4:2 Winchester gallons.

MIN93- 33
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SMpments of crtide petroleum and refined petroleum reduced to crude equivalent from
Canada in 1892 and 1S93.

Months.

January—
February .

March
April
May
June
July
August —
September
October . .

.

November .

December .

Total 198,409

Crude.

17, 441

14, .577

16, 570
12, 542
15,045
15, 225
13, 289
15, 370

17, 264
20, 517
21, 787
19, Oil

Keflned.

24, 751
18, 073
19, 469
15, 145
8,665

17, 510
19, 562
28, 077
39, 736
44, 010

39, 005
30, 383

308,910

Crude
equivalent.

79, 218
59, 759
65,217
51. 704

61, 897
58, 000
62, 193
85, 562
117,605
130, 542
129, 299
95, 168

1, 007, 271

Crude.

23, 67J
22, 905
17, 891
16,131
19, 031

16, 023
16,945
17,511
19, 109
23, 407
26, 455
25, 685

244, 763

Keflned.

28, 834
19, 809
22, 405
16, 532
19,476
16, 793
19,510
26, 860
35, 967

49, 266
39, 766
30, 354

325, 572

Crude
equivalent.

96, 756
77, 070
73, fl03

57, 460
67, 721

58, 025
67, 520
84, 661

109, 027
146, 572
125, 870
100, 570

1, 066, 155

In the following table is given a statement of the production of

petroleum in Canada in the years 1886 to 1891, and the value of the

same. These figures, it is stated, are calculated from the official

inspection returns, and the values are computed at the average yearly-

price per barrel of 35 imperial gallons.

Production and value of petroleum in Canada from 1886 to 1803,

[Barrels of 35 imperial gallons.]

Tears.
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Average dosing price of crude petroleum on the Petrolia Oil Exchange in 1S92 and 1S93
and part of 1S94, by months.

Mouths.

January ..

February .

March
April
May
June
July
August ...

September
October . .

.

November
December

.

1892.

$1.29i
].29

1.27i
1.20J
1.25J
1. 27i
1.26J
1.26
1.20

1.20J
1.25
1. 18i

1893.

$1.]8J
1.18J
1.19
1.19
1.07
1.07
1.06
1.(5
1.04^
1.04'

1.04
1.02

1894.

$1.01 J
1.01
1.00

The stocks of petroleum on hand in warehouse tanks at the close of

1893 was 77,000 barrels.

As a matter of interest, the following statement is included of the

operations of the refineries of Canada for the years 1890 and 1891:

Production of Canadian oil refineries in 1S90 and 1891.

[Imperial gallons.]

Products.
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PERU.

Quite recently tlie Peruvian petroleum fields have assumed consid-

erable importance. The oil from those fields is of a good grade and

the refined is displacing that of the United States in many of the

Pacific coast markets, and recently it has been asserted that arrange-

ments are being made to send it in quantities to California for fuel.

Through the kindness of Mr. J. C. Tweddle, jr., we are enabled to give

the following description of the Peruvian fields:

"The probable petroleum - bearing zone of Peru extends from

Sechura on the south to Ecuador on the north, or, say, a distance

of 200 miles, more or less. The width of the available belt is limited

between the first outcrop of volcanic rock and the seashore, being

widest probably about Point Parinas, the most westerly extremity of

South America, and from there gradually tapering in width toward

each extremity where the belt dips under the sea. It is to be

remarked that the iDctroleum -bearing stratum lies under a marine

deposit, or what has been an old sea bed, and which, judging from its

level and unbroken surface, has been raised very gradually to its pres-

ent position, and forms an entirely distinct geological district from the

rest of the coast, which consists mostly of eruptive and metamorphic

rock. In fact, it may be said that the whole of this district consists

of an overlying crust torn away from the sea bottom as the land

rose from under the ocean bed. Whether petroleum exists in suificient

quantity in all parts of this zone to render its extraction i)rofitable, is

problematic. To the writer it appears that both the northern and

southern extremities approach too near to the volcanic or eruptive

rocks to allow petroleum to exist in large quantities. Experience seems

to bear this out, since the only well that has been sunk near Sechura,

the southern extremity, was a failure and has been abandoned, oil

having been met in only small quantities. In the northern portion

the position is more or less the same, and the writer has been informed

that the several companies which have worked there have met with

but indifferent success.

"In the central zone some twenty wells have been sunk within the

last three years at Negritos, all of which have proved very productive;

the last well, finished in April of the present year [1893], flowed consecu-

tively upwards of a thousand barrels a day from a depth of 500 feet.

This is the largest well yet found, and leads one to believe that the

Negritos wells are approaching more productive strata.

"It is impossible to speak authoritatively as to the extent of territory

where petroleum exists in sufficient quantity to repay the prospector.

The certainty is that from Point Parinas, on the sea, to a distance inland

of at least 16 to 20 miles there are continuous oil-bearing strata which

have been worked since the times of the Incas, here and there, where

the petroleum comes to the surface. The wells which have been drilled

in this zone have been very productive and long lived, though only av-
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erasing 500 feet deep. A peculiarity about the wells at Negritos is

tbat if pumping on anj-^ well is stopped it soon fills up to the surface

and overflows very gently, thus showing that there must be a very

great pressure tending to force the oil to the surface. Another pecul-

iarity is that, though within a few hundred yards of the sea, water is

never met with in any of the bore holes. In the writer's opinion, there

exists no petroleum region better situated than that of Peru, both from

its close proximity to the sea and its healthy and equable climate; and

it is certain that in the near future it will be extensively worked, and

no doubt when once the business has been developed in a large and

comprehensive manner, petroleum will be produced ahd sold at a very

cheap rate.

"The western coast of South America is devoid of coal within work-

able distance of the ports (except in the south of Chile, and there the

quality is poor). The price of coal fluctuates greatly, owing to change

in freight rates both in Australia and England, but a very fair low av-

erage price for coal in cargo lots may be taken at 25 shillings a ton or,

say, $6 in gold. If a ton of oil is equal in calorific value to two tons of

coal, then coal at $6 a ton would be eqnal to oil at f1.70 a barrel.

"The writer has not the slightest doubt but that oil can be produced

and sold free on board in Peru for one-half the above price, as soon as

the business will have been properly developed. Peruvian petroleum

is admirably adapted for fuel, since it has a very high calorific value,

and by distilling off 30 to 40 per cent, of the lighter products a

residuum with a fire test of 300° is obtained. This residuum is known
on the coast by the name of ' fuel oil,' and is being extensively used

for fuel in various factories, mills, and railroads. The gravity of the

oil as it comes from the wells is 38° to 39° Baume, and is of green color.

"Peruvian petroleum can hardly be distinguished from Franklin oil,

and possesses the same i)eculiarities, namely, a very fine natural lubri-

Qating oil and no paraffine."

Erom another source it is learned that in 1888, 23 mining claims for

petroleum were registered; in 1889, 36; in 1890, 97; and in 1891, 613.

The first shipments of refined petroleum from Talara, which is near

Payta, was in December, 1889. The following figures will give an idea

of the shipments of Peruvian petroleum in the years 1889 and 1890.

Exports of Peruvian petroleum in 1889 and 1890.

Grade.

Crude
Kerosene (rlluminating oil).

Lubricating {clear oil)

1889.

Kilos.
2, 151, 874

999, 658
457, 799

1890.

Kilos.
2, 324, 219
1, 199, 161

1, 115, 677

The above exports were from Zorritos. Erom Talara the exports in

1890 consisted of 1,100 tons of crude oil in tanks, 40,589 cases of kero-

sene, and 4,000 barrels of lubricating oil. This would indicate a pro-

duction in 1890 of some 350,000 barrels of oil.
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RUSSIA.

Thoiigli crude petroleum, or naphtha, as it is termed in Russia, has

been found in quantities in a number of localities in that country,

chiefly in the Caucasian region, it is only near Baku, on the Caspian

sea, that it is produced in large amounts, and it is only the oil from

this district that at present comes into competition, outside of Eussia,

with oil from the United States. More than 90 per cent, of all the oil

produced in Russia, and all the exports are, from Baku.

Extent of the Balm oilfields.—The Baku oil fields, so called from the

chief city of the district, though no oil is found at Baku, are on the

Apsheron peninsula, a bold promontory that thrusts itself out some

50 miles into the Caspian sea, near its southwestern shores. This

peninsula, which is some 20 miles wide, is the eastern terminus of the

Caucasus mountains, which here pass under the waters of the Caspian.

The chief producing localities in this field are two, one near and in the

clustered villages of Balakhany, Saboontchy, and Romany, some 10

miles northeast of Baku, and the second at Bibi-Eibat, some 6 miles

southeast of Baku. The oil-producing territory in tlie first field, which

has been well defined, does not exceed 1,4D6 acres (544 dessiatines),

while the Bibi-Eibat district is less than 300 acres. From this small

area of less than 1,800 acres all of the enormous production of the Baku
field has been derived.

Production.—The data regarding the production of crude petroleum

in Russia is only approximately correct. Statements made by different

authorities differ considerably. I have taken the figures of the Council

of the Congress of Russian Petroleum Producers, which are given in

millions of pouds. In reducing these to barrels I have assumed that

the average gravity of Russian oil is 0.875 and that an American barrel

of 42 gallons contains 10.18 pouds.

Two distinct statements of production of Russian crude petroleum

are given, one known as "total production," which includes not only

the crude collected and refined or sold as fuel oil, but also an estimate

of the oil wasted or not collected, as well as tliat used for fuel for

pumping at the wells. The second statement shows "profitable pro-

duction," that is, the amount of crude oil put into tanks or reservoirs.

The "total production" of crude petroleum on the Apsheron penin-

sula and the shipments of the chief petroleum products from Baku
from 1880 to 1893 have been as follows:
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" Total production" of crude petroleum on the Apsheron peninsula and ahipmenls of
petroleum products from Baku from 1880 to 1893.

Tears.
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much as a barrel of crude oil and water. This empties itself iuto a

gutter and the oil, after separation from the water, is conducted into

reservoirs. A shift of workmen at tliese wells is never less than three.

The flowing wells are the well-known Baku fountains, some of which

have given and continue to give some hundred thousand pouds a day,

say 10,000 barrels.

The production of crude petroleum from pumping and flowing wells

in the last five years is as follows

:

Production of crude oil from pumping and flowing wells from 1880 to 1893.

Tears.

1889
1890
1891
1892
1893

Pumpinj

Barrels.
14, 705, 000
17, 347, 000
23, 123, 000

20, 707, 000
21, 168, 000

Flowing.

Barrels.
4, 184, 000
4, 872, 000
3,831,000
7, 43C, 000

10, 720, 000

While for some years prior to 1892 the percentage of crude from

flowing wells decreased, it will be seen that in 1892 and 1893 it has

increased rapidly. In 1890 it was only about 15 per cent. In 1892 it

was over 26 per cent., and in 1893 it was nearly 34 per cent. Indeed,

according to Mendeljeef, to whose report on Russian naphtha we are

indebted for much of the information made use of in this statement,

the more recent flowing wells "are more abundant in naphtha than

formerly."

Number of producing wells and their average production.—The total

number of wells that produced crude petroleum during any part of the

years named was as follows

:

•

Numier of producing wells on the Apsheron peninsula from 1889 to 1893.

Years.
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The largest number of wells in operation in any one month during

1893 was 332, the number producing in March of that year. The state-

ment of the uumber of producing wells for each of the months in 1893

is as follows

:

Number ofproducing wells in Russia in 18D3 hij months.

Mouths.

January .

February-
March
April
May
June
July

Number
of wells.

322
326
332
323
325
310
307

Montlis.

August
September
October
November.
December .

,

Total

Number
of wells.

294
298
310
316
324

458

It should be understood that these figures represent the number of

wells in operation during any one month, the total representing the

total number of wells that were operated at any time during the year.

The number of wells drilling during each month of 1892 and 1893 and
the number com|>leted during year were as follows:

Number of wells drilling and completed in Russia in 1892 and 1893, b\j months.

Months

January
February
March
April
May
June
July
August
September
October
November
December

Total completed

.

1892.

141
131
127
117
94
84
44
45
52
45
50

1893.

In the following table is given a statement of the deep wells drilled

in each year from 1890 to 1893, together with the total depth, in sagenes

of seven feet, that the wells were drilled, and the average depth of the

wells in feet:

Total number of wells and deep ivells drilled in Russia from 1890 to 1893, ivith length in

sagenes and average depth in feet.

Years.
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Refining statement.—The latest complete statement regarding refining

petroleum iu Russia is as follows

:

Statement of the number ofpetroleum refineries, their product, etc., in Russia in 1890 and

1891.

At the, Apsheron peninsula.

Total number of works
Number of works active
Number of works inactive
Amount of crude treated at these works in barrels

A mount of naphtha obtained at these works in barrels

.

Amount of kerosene of different kinds, barrels
Amount of lubricating oil obtained
Total production of distillation products
Percentage of distillation products obtained

189

149
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Price of Russian refined oil in bulk at Baioum from 1890 to 189S, hy months.

[Cents por gallon.]

Months.

January ..

February .

March
Aiiril
May
June
July
August...
September
October...
Kovember
December.

1800.
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Though, as has been stated heretofore, almost all of the petroleum

produced in Eussia is from the Baku field, there are a number of other

fields which promise largely in the way of production. In the follow-

ing table will be found a statement of the production of crude petro-

leum in pouds in the governments and provinces other than Baku in

the years 1889 and 1890:

Production of crude petroleum in Eussia, in governments and provinces other than

Baku, in 18S9 and 1800. ,

Governments and provinces.

Eoaban
Trans-Caspia
Tersk
TMis
Daghestan . .

.

Tauride
Elisabetpol .

.

Fergan

Total..

Pouds.
1,381,942

286, 400
275, 721

55, 296
3, 955
3,603
8,000
1,425

2, Oil, 342

1890.

Pouds.
1, 813, 327

285, 000
370, 800
46, 444
2,780

29, 168
11,000
2,106

2, 560, 625

GAXiICIA.

The oil zone of Galicia is situated on the northern flank of the Car-

pathians, and extends from ISTeusandez, on the west, to Sloboda-Eun-

gorska, near Kolomea, on the east, a distance of about 220 miles, the

oil belt being about 40 miles in width.

From a paper by Mr. Boverton Eedwood, published in the Journal

of the Society of Chemical Industry, we condense the following brief

statement regarding Galician petroleum:

From the earliest times of which there are any historical records,

crude oil seems to have been collected and used in Galicia, which is a

]3art of Poland that fell to Austria in the division of that country. It

was used for cart grease ai*d as a remedial agent, and later was mixed
with small coals to form briquettes. It was not, however, until the

manufacture of oil for use in lamps was commenced that the industry

assumed commercial importance. Between 1810 and 1818 systematic

attempts were made in Galicia to establish the industry of refining oil.

A refinery was built in Kabicza, which supplied Prague with 300 cwt.

of oil annually, which was sold at 35 florins a hundredweight. In 1853

Galician petroleum was substituted for candles in lighting the stations

of Emperor Ferdinand's E"orth Eailroad. In 1854, five years before

Drake drilled the first well in the Pennsylvania petroleum regions,

refined oil was an article of commerce in Vienna.

The petroleum of Galicia occurs in both coarse and fine sandstone,

chiefly of the Eocene and Miocene ages. Tlie oil-bearing formation

lies in parallel folds, and the petroleum is found in great abundance
under or near to the crests of the anticlines.
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The crude petroleum found in Galicia varies in density and other

characteristics within Avide limits. This is due to the fact that tlie oils

are obtained from wells of various depths; that from shallow pits, or

surface oil, has lost its more volatile constituents by evaporation. In

some places a light brown or reddish-brown oil, known as red oil, occurs,

which may be burnt in ordinary lami)S in the crude state, but the

greater part of Galician oil is dark brown in color by transmitted light

and exhibits a marked fluorescence. Oil from the drilled wells is very

fluid, but the surface oil from the shallow pits is somewhat viscuous.

According to Stribblemann, the extreme limits of specific gravity are

0.778 to 0.930 for west Galician oil, and 0.750 to 0.950 for east Galician.

In the following table will be found a statement of the quantities of

crude petroleum produced in Austria-Hungary from 1883 to 1890:

Production of crude petroleum in Austria-Hungary from ISSS to 18D0.

Years.
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The following statement gives the amonnt of petroleum produced in

Germany in 1890, 1891, and 1892, the figures being in metric tons:

Production ofpetroleum in Germany in 1890, 1891, and 1892,

Tears.

1890
1891 ,

1892

Tons.

15, 226
15,315
14, 527

Of the petroleum produced in 1891, 2,498 tons were Hildesheim and

Luneberge and 12,817 tons from Alsace.

Just how many gallons or barrels there is to a ton of German petro-

leum would be difficult to state. The only statement we have seen

recently as to the gravity of this oil was that the Hildesheim and Lune-

berge oil was about 0.888 specific gravity. This equals about 28° Baume

and would be 7.38 pounds to the gallon. On this basis the production

of petroleum in Germany in 1890 would be, 4,548,406 gallons, or 108,295

barrels of 42 gallons each. On this basis of 7.38 pounds to a gallon,

the produ(;tion of Germany in the three years named above would be

as follows

:

Production ofpetroleum in Germany in 1890, 1891, and 1892, in barrels of 42 gallons each.

Years.
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Production of peiroleum in Italy from 1SS7 to 1S91.

[Barrels.]

Yeiirs.
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wood, a well-known expert in petroleum, and Mr. W. Topley, a gov-

ernment geologist. They are reported to have said, as a result of their

investigation, that oil exists in this locality in sufficient quantities to

justify drilling. The well iu which the oil was found, which was a

water well, was torpedoed with a li-ounce dynamite cartridge, which

resulted in largely increased flow, both of water and petroleum. The

specimens of oil obtained from the well were of a straw color with an

odor resembling refined rather than crude. It had a specific gravity

of 0.810 and a flashing point of 175° F. by closed test.

A specific gravity of 0.816 would mean about 41^° Baume, which

would be equal to about G yo pounds to a gallon.

BTJRMAH.

Probably the oldest petroleum fields in the world are those of Yen-

aiigyoung (earth oil) creek, a small tributary of the Irawady river.

For an unknown period the whole of Burma and portions of India

have been supplied with illuminating oil from this source, particularly

those regions which are reached by the Irawady and its tributaries.

The wells were described by Major Symes in the journal of his embassy

to the court of Ava in Burma in 1765. In an account published in

1795 Major Symes, then a colonel, mentions that there were five hun-

dred wells in operation, the estimated annual yield being 90,900 tons.

Two years later Captain Cox estimated the yield at 92,781 tons.

Later Captain Hanny described the output at about 93,000 tons a

year. In 1881 Eev. J. N. Cushing describes the region, stating that

there were some two hundred weUs in the district, though all were not

producing.

The oil is of a dark-green color with a specific gravity of 0.810, which

would indicate that a gallon weighed about 6f pounds. The petroleum

from this and adjacent districts was sent down the river to Eangoon,

and hence the product acquired the name of Eangoon oil, though no

petroleum is produced there. There is a refinery at Eangoon to which

most of the oil brought down the river is taken. The quantity which

arrived there in 1883-'84 was nearly a million gallons, most of which

was taken by the Eangoon refinery, which produced 640,000 gallons of

refined oil during the year. The Yenangyoung field can be regarded

as extending from Palo, on the Irawady, to Yandabo, southwest of Ava,

not far from Mandalay. There are two other fields in Burma, one on

the Eamree island, and the other on the Boronga island; both of these

islands are in the Bay of Bengal, in Lower Burmah. The Yenangyoung
' field is in Upper Burma.

The geologic strata of the Yenangyoung field is Miocene. The oil-

bearing rocks, therefore, resemble those of South Eussia and Galicia.

Mr. Boverton Eedwood examined a number of the oils from this dis-

trict and they ranged in specific gravity, at 60° F., from 0.854 to 0.913.
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In addition to Burma, petroleum is also found in Assam, where in

1890, 13,GG4 gallons were produced, in Punjab, where, in 1890, 3,GG1

gallons were produced, and in the native States, where, in 1890, 273,-

4G0 gallons were produced.

The production of petroleum in India from 1889 to 1891 was as fol-

lows :

Production of petroleuin in India from 1SS9 to 1801.

Years.
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The production of petroleiim in Japan in 1890 is shown in the follow-

ing table

:

Production ofpetrolcam in Japan in ISOO.

Province.
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and of a yield of 33^ per cent of refined, bhe latter production would be

equal to about 3,000,000 gallons a month, and the former 13,500,000

gallons a month, a total of 16,500,000 a month or about 400,000 barrels,

which is beyond any doubt greatly in excess of the production.

SUMATRA.

During the year 1893 the journals of Europe, and especially those of

Holland and England, contained occasional references to a new petro-

leum field that had been discovered near Laugkat, on the island of

Sumatra. A Dutch syndicate, known as the Koyal Netherlands-India

Petroleum Company of Sumatra, obtained concessious, it is reported,

covering a territory of some 320 square miles, the field being situated

on the seaboard and producing an oil yielding a large quantity of illu-

minating oil by distillation, differing in this respect from the petroleum

of the neighboring island of Java, which was a heavy oil givieg but a

small quantity of illuminating oil and large quantities of heavy oils and
paraffin. Near the close of 1893 it was reported that this company was
producing 1,600 cases of refined oil daily, the crude coming from three

wells and being refined near the wells. If this statement is true and the

yield of petroleum be assumed at 50 per cent, of the crude, this would

be equivalent to a yield of 33,000 gallons a day. There are no actual

figures, however, in justifying us in forming any estimate ofproduction.

NEW ZEALAIS^D.

The excitement that followed the boring of the Drake well at

Titusville, in Pennsylvania, which was indicated by the exploration

for petroleum in all parts of the United States, in time reached other

portions of the globe as well, and in 18G6 attention was directed to the

occurrence of petroleum in New Zealand. It is reported that there are

localities in this colony in which petroleum has been found: First,

the Sugarloaves, in the Taranaki Provincial district; second. Poverty

Bay, on the east coast of the Provincial district of Aukland; third,

Manutahi, WaiajDii, East Cape.

The oil from the first district has a very high specific gravity, 0.960

to 0.964, which would be from 15° to 16° Baume. The oil is a lubri-

cating oil, and is stated by those who have examined it to resemble

that from southern California.

The oil from the second district resembles Canadian oil, yielding by ,

distillation and treatment about 65 j)er cent, of illuminating oil.

The third district produces a pale brown oil, having a specific grav-

ity of 0.829, or about 39° Baum6, which yields about 84 per cent, of

illuminating oil.

A bonus of 6d. per gallon for production of illuminating oil, or kero-

sene as it is usually termed, up to 50,000 gallons in quantities of not

less than 10,000 gallons at a time, was offered in 1874 and 1885 j but no
applications were received for the bonus.
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OTHER COUNTRIES.

Quantities of petroleum are produced in countries other than those

named above, but we have no details of the same.

Beginning at the extreme northwestern point in South America a

petroleum belt seems to extend through the northwestern portion of

this continent to Peru.

In the Argentine Repiiblic pits have been sunk in the department of

Lugan, in the province of Mendoza. The company working these

mines produced in 1890 about 1,500 tons of petroleum. At Cachenta,

in the same province, a number of wells have been sunk which pro-

duce an oil used in gas works in enriching water gas and on railways

for fuel. It is estimated that the total output of the Argentine

Eepublic in 1891 was some 21,000 barrels.

In Equador a syndicate has been formed with the object of obtaining

concessions to work petroleum dej)osits known to exist in several parts

of this E.epublic.

In addition to the petroleum found in Galicia, Germany, and Italy,

which have been referred to somewhat at length in the body of this

report, petroleara is also found iu considerable quantities in France,

Spain, and along the Carpathians at other points than in Galicia.

THE WORLD'S PBODUCTIOX OF PETROLEUM.

In the following table is given for the first time an estimate of the

world's x>roduction of petroleum. It is not claimed that this is com-

plete, but simply an approximation to the actual facts. It will proba-

bly be found to be an underestimate rather than an overestimate. The

production is given in barrels. Often reports of production are in tons.

In such cases, as has already been stated, we have assumed, in the ab-

sence of definite information, that a ton produced 7 barrels of crude

petroleum.

World's production of petroleum.

Countries. Production.

United States (1893) ....

Kussia, Baku (1893)

Russia, elsewhere (1890) . .

.

Austria-Hungary (1890)

Canada (1893)

Peru (1890)

India (1891)

Germany (1892)

France (1891)

Japan (1890)

Argentina (1891)

Italy (1891)

Great Britain (1892)

other countries (estimated)

Total

Barrels.
48,412,666
33.104,126

251, 543
816,000
798, 406
350, 000
146, 107
103, 323
70, 000
48, 027
21, 000
8,085
1,526

200, 000

84, 330, 809
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From the above table it appeais that the total production of petro-
leum in the world can be estimated at about 84,330,809 barrels. Of
this the United States produced 48,411>,G6G, or 57 per cent.j Kussia pro-
duced 33,355,069 barrels, or nearly 40 per cent. ; Austria-Hungary is

third in point of production, its output in 1890 being- 816,000 barrels,
or less than 1 per cent: while the production of Canada in 1893 was
798,400 barrels, or a little less than nine- tenths of 1 per cent.



NATURAL GAS
By Joseph D. Weeks.

The report on natural gas in the United States in 1893 will be little

more than statistical. No new fields of importance have been opened

during the year. There have been some minor extensions of old fields

and pools, and new pools, which have been practically connecting links

between the older pools in the well known fields, have been discovered,

but there have been no developments during the year that demand
special descriptions. Therefore, the statements as to the geology,

occurrence and other details regarding natural gas given in previous

volumes of Mineral Eesources, and especially in the volume for 1892,

may be accepted as describing the conditions existing in 1893.

The same conditions regarding the supply and prices of natural gas

that were noted as existing in 1892 still continue, though they are more

marked than during that year. The consumption of. natural gas is,

each year, especially in New York, Pennsylvania, and Ohio, more and

more for domestic use. In Indiana alone has there been an increase or

even the same consumption for manufacturing purposes as in the past,

and it is only in the gas fields of Indiana that manufacturers are locat-

ing in order to obtain a supply of this natural gaseous fuel.

Another feature of the situation is the increase in the price of the

fuel to the consumers. In Pittsburg to-day (April, 1894) the price

charged for natural gas to manufacturers is such that, ignoring the

cost of the plant, producer gas can be made from coal and supplied to

these works as cheap as natural gas is being furnished, if not cheaper.

VALUE OP NATURAL GAS CONSUMED IN THE UNITED STATES.

No statement as to the actual production of natural gas in cubic feet

has been obtained, nor is it obtainable. Certain wells have been meas-

ured and the production of these wells for a brief period has been ascer-

tained, and from this production so found an estimate of the total pro-

duction of these wells and of the field in which they are located has

been determined. But it is evident that this is only an estimate con-

cerning which it is impossible to say it is even approximate. The pro-

duction of a well varies, not only from month to month and week to

week but from hour to hour, so that what would be a fair estimate of

the production for a given minute would not be at all a correct estimate

for an hour later.

In discussing the production of natural gas in the United States,

therefore, it is impossible to give more than an approximate value of

534
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the g'as used. Even here there is difficulty. In ninuy instances gas

wells are owned by the parties using the fuel; in other cases gas is

supplied to industrial works as an inducement to these works to locate

in a certain section. In these cases the only method of arriving at

the value of the gas consumed would be to estimate what would be

the value of the coal or wood that would be required to do the same
amount of work. Oftentimes in cases where the gas is sold the price

is a mere nominal one, though in other cases it is fully equal to its value

as compared, with the amount of coal or wood required to do the same
work.

Assuming, therefore, that it is impossible to give the actual produc-

tion of natural gas in cubic feet and also that statements of money
received for the gas would not indicate the value of the gas consumed,
though in some cases it might, it is believed that the best basis of cal-

culation of the value of the natural gas consumed in the United States

is that of the value of the fuel displaced, checked, and extended in

some cases by the actual amoun't. received for the gas. Where gas

is used in industrial establishments we are able to get at a fairly accu-

rate value of the gas used on the basis of fuel displacement. It is quite

well known what amount of coal is necessary to perform a given woik,

that is, to raise steam in boilers, to produce a ton of iron or steel, or to

operate an 8 or 10 pot glass furnace. The value of coal or wood required

to do this work is assumed to be the value of the natural gas used to

perform the same work. This method of ascertaining the value by fuel

displacement was the only one used in the early reports of Mineral

Eesources. In 1891, however, changes in the methods of selling gas
were introduced. Meters were used and a price fairly indicative of the

value of the fuel has been charged. We have the reports of the amounts
so charged and received, and these values are taken where they are

regarded as showing the value of the gas. Where they are not regarded
as accurately indicating its value, the method of estimating the value

by fuel displacement is used.

On the basis, then, of the best information obtainable the conclusion

is reached that the total value of natural gas consumed in the United
States in 1893 was $14,316,250, as compared with $14,800,714 in 1892.

While our reports indicate that the consumption of natural gas in the

United States in 1893, measured in cubic feet, was considerably less

than in 1892, yet owing to the fact that higher prices were in many
cases charged for the gas in 1893, the difference in values between
1892 and 1893 is not as great as the difference in actual consumption
in cubic feet.
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In tlie following- table is given tbe total value of natural gas con-

sumed in the United States from 1885 to 1893, by States:

I'aliie of natural gas consumed in the United States, 1SS5 to 1S93.

L()c;i!ities.

Pennsylvania.
New York
Ohio
West Virgiiii.i

Indiana
niinois
Kentucky
Kansas
Michigan
Missouri
Arkansas
Texas
Utah
SonthDakdt I.

California . . .

.

Elsewhere

$4, 500, 000
196, 000

100, 000
40, 000

1,200

Total

.

20, 000

4, 857, 200

1886.

, 000, 000
210, 000
400, 000
60, 000

300, 000
4,000

1888.

$13, 749, 500
.VSA, 000

1,000,000
120, 000

600, 000

$19, 282, 375
332, 500

1,500,000
120, 000

1, 320, 000

6,000
12, 000

20, 000 15,000

10,012,000 15,817,500 22,629,875

75, 000

Localities. 1889.

Pennsylvania $11, 593,

New York 530,

Ohio 5, 215,

West Virgiiii.i 12.

Indiana
j

2, 075,

Illinois
I

10,

Kentucky 2,

Kansas
]

15,

Michigan
Missouri
Arkansas
Texas
Utah
South Dakota
California
Elsewhere

35,

12,

1, 600,

Total
I

21,107,099

B9, 551, 025
552, 000

4,684,300
5,400

2, 302, 500
6,000

30, 000

12,000

10, 50O

6,000

33, 000

1, 600, 000

18, 792, 725

834, 016
280, 000
076, 325
35, 000

942, 500
6,000

38, 993
5,500

1,500
250

HO, 000
250, 000

15, 500, 084

57, 376, 281
210, 000

2,136,000
500

4, 716, 000
12, 988
43, 175
40, 795

3,775
100
100

55, 000
200, 000

1893.

$0, 488, 000
210, 000

1,510,000
123, 000

5, 718, 000
14, 000

68, 500

50, 000

2,100
100
50

500

14,800,714 14,346,250

62, 000

100, 000

From this table it will be seen that the greatest value of natural gas

CDusuined in any one year was in 1888, when it was $22,629,875. From
this time there has been a gradual decline in the value until 1893, when

the total was 114,346,250, or some $8,300,000 less than in 1888.

CONSUMPTION AND DISTRIBUTION OF NATURAL GAS.

There are a great many details regarding the production of natural

gas in the United States that would be exceedingly interesting could

they be secured. Unfortunately, however, many of the natural-gas

companies keep their records in such a way that it is impossible for

them to give any information other than the amount of money received

for the gas consumed. They do not even know the number of con-

sumers. From quite a number of companies, however, 218 in all, very

interesting statistics have been received, which are given in the follow-

ing table. It should be distinctly understood that this does not indicate

all of the companies from which reports have been received, but only
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includes the reports from the companies in the three States of Pennsyl-

vania, Indiana, and Ohio, which have furnished the Survey with all of

the information asked. From many other companies the inforn)ation

covers a portion of the items named in the table.

Natural gas records in 1892 and 1893.

Amount received for sale of gas
or value of gas consumed

Value of coal or wood displaced.

.

Number ofdomestic tires supplied.
Number of iron and steel works
supplied

Number of glass works supplied.

.

Number of other establishments
supplied

Total number of establishments
supplied

Total number of wells producing
January 1

Total number of producing wells
drilled

Total number of wells producing
December 31

Total number of feet of pipe laid .

.

TotaJ number of establishments
reporting

Pennsylvania.

1893.

$3, G41, 095

$4, 022, 834

1892.

Indiana.

1893. 1892.

$4,077,799 $1,052,818
$4, 468, 254 $1, 621, 063

55, 852

1

15

220

242

411

114

119, 524
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Indiana show about the same condition in 1893 as in 1892; while Ohio

shows a decided increase, the number of domestic fires supplied by the

companies reporting increasing from 9,270 in 1892 to 11,749 in 1893, an

increase of 2,479, or a little less than 25 per cent. The total number

of manufacturing establishments supplied with gas by these 218 com-

panies shows a great reduction in 1893 as compared with 1892. In

Pennsylvania the number has been reduced from 324 in 1892 to 299 in

1893; in Indiana the number has decreased from 256 in 1892 to 242 in

1893 ; while Ohio showed a decrease from 91 in 1892 to 65 in 1893.

The number of producing wells is in every case greater at the close

of 1893 that it was at the beginning of the year. It should be said in

regard to these figures that the numbers in the two years do not always

correspond for reasons that will be evident.

The number of i)roducing weUs owned by the companies reporting

on the 1st of January, 1893, in Pennsylvania, was 805 ; at the close of

the year it had increased to 841. In Indiana, at the beginning of the

year, the number of producing wells was 411 ; at the close of the year

it was 498. Ohio showed an increase in producing wells in 1893 of

from 166, at the beginning of the year, to 207 at its close.

The number of feet of pipe laid also shows an increase in every case.

In Pennsylvania, the number of feet of pipe laid by the companies

reporting, at the close of 1892, was 11,858,605. This had increased to

11,989,657 feet at the close of the year. At the beginning of the year

in Indiana, the amount of pipe laid by the companies reporting was

5,317,103 feet. This increased to 5,720,373 feet at the close ofthe year;

while in Ohio the amount increased from 648,622 feet, at the beginning

of 1893, to 1,404,098 feet at the close of the year.

PE]Nr]SrSYL.VANIA.

It was in this State that natural gas first began to be used exten-

sively as a domestic and industrial fuel. Indeed, it was the drilling

of the Westiughouse well at Homewood, a suburb of Pittsburg, that led

to the great extension of its use that marked the years 1885 and 1886.

As will be seen from the following table, the largest production of nat-

ural gas in Pennsylvania, measured by the value of the gas consumed,

was in 1888, when its value reached $19,282,375. This has fallen to

$6,488,000 in 1893, about one-third the amount it was in 1888.

In the following table is given the value of natural gas consumed in

Pennsylvania in the years from 1885 to 1893:

Value of natural gas
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In none of the important gas-produciiig* States was tliere sncli a fsill-

ing off in production in 1893 as in Ohio. During the year the gas-

producers in the Lima district who farnish gas to manufacturing

establishments found it necessary, in order to maintain the supply for

domestic and similar consumption, to cut off, in many instances, almost

without warning, the suj)plies of gas furnished the manufacturing

establishments. The result was injurious, and in some cases disas-

trous, and has led to the removal of some establishments to sections of

the country where the supply of gas can be depended upon.

In the following table will be found a statement of the value of the

natural gas consumed in Ohio from 1885 to 1893:

Value of natural gas consumed in Ohio from 1SS5 to 1893.

Tears.
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KENTTTCKY.

The chief source of supply of natural gas in Kentucky continues to

be Meade county, in what is known as the Brandenburg district.

Some gas is found in other counties, but it is utilized to only a small

extent.

The production of natural gas in Kentucky from 1889 to 1893 was as

follows

:

Value of natural gas consumed in Eeniucky from 1889 to 1803,

Years.
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Arkansas, Utah, South Dakota, New Mexico, Tennessee, and Wiscon-
sin. Those interested in leainiug of the occurrence and jiroduction of

natural gas in these States are referred to previous vohmies of Mineral
Resources and to the report in the Mineral Industries in the United
States at the Eleventh Census, 1890.

CANADA.
It is interesting- to know that natural gas was produced to a consid-

erable extent in Canada in 1893. The report on the Mineral Produc-
tion of the Dominion of Canada for that year shows that natural gas to ,

the value of $366,233 was produced. Most of this was consumed in

Canada, though some was piped to the United States.

A description of the natural gas fields of Canada is given in Mineral
Resources of the United States, 1892. In addition to the sources of

natural gas there mentioned, it should he said that some gas is found
in connection with the petroleum wells. It is probable that the value
of this is not included in the vahie of the total production given above.

IMPORTS.

In the following table will be found a statement of the value of the

natural gas imported into the United States from 1891, when it was
first enumerated

:

Value of natural gas imported into the United States from 1S91 to 1803.'

Calendar years. Value.

1891 (latter half)

1892
1893

$25, 540
74,737
90, 653



STONE.
By William C. Day. (a)

General condition.—In view of the universal financial depression

that prevailed during a part of the year 1893, it is, of course, unnec-

essary to state that the stone industry underwent its full measure of

suffering. In the IS'ew England States production in 1892 had suf-

fered on account of serious labor disturbances, so that many contracts

which should have been fulfilled in that year were held over until the

following year. That was one of the causes which made ijroduction

unusually brisk in the early part of 1893, i. e., until about the 1st of

June, and it may be emphatically asserted that, had these conditions

been maintained throughout the year, 1893 would have gone far ahead

of any previous year in the amount of product, as well as in general

prosperity for both employers and employ6s.

Answers to statistical inquiries addressed to stone producers have
been carefully prepared and are exceptionally full, and they show, for

the great majority of the States, a heavy falling off in product, due in

all cases to the same cause—financial stringency.

An increase in the total value will be noticed in the tables of pro-

duction for some States. It will, however, be also noticed that such

States include those in which the stone industry is comparatively new
and which have not yielded a large amount of product in any year.

Some individual firms have reported quite decided improvements in

business for the year, but in every case the reason for such increased

prosperity has been exceptional, and in many cases consists in the fact

that the stone has been supplied for public works, such as Government
buildings, harbor and coast improvements, or State and municipal

building, paving, etc. In the South, even public improvements, such

as paving in cities, etc., were curtailed or entirely interrupted

because of the imyDOSsibility of selling bonds for the purpose of secur-

ing cash for the maintenance of such work. Thus, for instance, the

granite block paving industry of the South suffered to the extent made
manifest in the tables of production in this report.

In view of the depressed condition of the stone industry, it might
naturally be supposed that the number of operators in 1893 is much
less than for previous years. This supposition applied to the latter half

a The very efficient aid furuished by Mr. Wm. A. Kabors;, of tlio U. S. Geological Survey, in tho
preparation "of this report, is hereby gratefully acknowledged.— W. C. P,

643
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of 1893 is quite true. A great many operators went out of business

after June or July, but a large proportion had done very well until

that time, so that when the number of operators for the year as a whole

is considered it makes a good showing; but at the same time, when we
consider the future, it is very evident that the year 1894 will ruu

behind even still more than 1893, unless there is a revival of the gen-

eral conditions of trade greater than it is reasonable to expect.

Production of stone, by kinds, in 1S92 and 1893.

Kinds. 1892.

Granite
Sandstone .

LimevStone.
Marble
Slate
Blaestoue .

Total

$12,627,000
8, 265, 500

18,392,000
3, 705, 000

4, 117, 125

1, 600, 000

1803.

$8, 808, 934
5, 195. 151

13, 947, 223
2, 411, 092

2, 523, 173
1, OOU, 000

48,706,625
j

33,885,573
i

This table shows a decrease of $14,811,052, or 30.5 per cent. For the

individaal kinds of stone the percentage decreases are as follows:

Granite, 30.1 ; sandstone, 37.1; limestone, 24.3; marble, 34.9; slate, 38.7;

bluestoiie, 37.5.

The limestone industry has fallen off least. This is easily understood

when we consider the essential uses to which limestone is put, such as

the manufacture of lime, both for building and agricultural purposes,

building, road-making, and blast-furnace flux. The falling off in the

otber kinds of stone shows no great percentage of variation.

Among the trade developments which may be considered of general

interest to the stone producers was the movement towards a change in

the methods of measuring stone. This was brought forward signifi-

cantly by Mr. Sylvester Marshall, president of the l!^ational Associa-

tion of Quarry Owners, at the Indianapolis meeting of the Ohio Valley

Cut Stone Contractors' and Quarrymen's Association. He spoke of

the confusion of the units of measurement as a disadvantage to the

stone producers, second only to lack of practical experience in the

stone business among the factors which go to make stone production

unprofitable. A uniform standard of measurement should be adopted.

The ijrevailing sentiment among the quarrymeu of the country seems

to favor selling stone by weight and discarding the old form of selling

by the cubic foot, cord, perch, or yard, as being too cumbersome and
allowing too many leaks, and especially as the railroads have largely

adopted this weight system in transporting stone, as with other mer-

chandise. Mr. Marshall called attention also to such great differences

in price, as between 20 cents received at the quarry by a producer of

buff Bedford limestone and $1.50 paid at the building in Chicago, where
it is used after having passed through too many hands. He insisted

that prices should be quoted at the quarry and should be on a uniform

standg-rcj 9^ nieasurement by weight.
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GRANITE.

The following table shows the i)roduction of granite by States in

1893. The total for 1892 was $12,627,000, showing for 1893 a decrease

of $3,818,066, or 30.1 per cent. The general reasons for this decline

have already been discussed and shown to be the severe financial

stringency which began to be felt about June 1.

Tlie product of granih in .1893, hi/ States.

States.
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Government, State, or municipal contracts. Private contracts were

hard to obtain and business was very much depressed after July 1.

Connecticut.—The falling off in this State from $700,000 in 1S92 to

$052,459 in 1893 is not so great as might have been expected, judging

from the serious losses in other States. Business for the year com-

menced in May and was very good until about the 1st of August,

when it dropped off materially. In some cases in Connecticut, as

well as other JSTew England States, contracts were held over from 1S92

because the strikes in that year prevented their . fuMUment, so that

business for 1893 was correspondingly increased. Everything indi-

cates that but for the financial depression of the latter half of the

year a large output would have been secured.

Deteware.—Production fell oft' from $250,000 in 1892 to $215,964 in

1893. This product comes from a small number of quarries which, all

things considered, did fairly well during the year.

Georgia.—Much of the granite produced in this State is used forpaving

blocks. The failure of certain Southern cities to sell bonds for cash to

continue pawing operations contributed largely to the falling oft' in the

granite industry from $700,000 in 1892 to $476,387 in 1893. The pros-

pects are so very poor that some of the producers predict even a worse

condition of the industry in 1894. Quite a number of quarries stopped

operations entirely.

The Diamond Blue Granite Company was organized early in 1893 for

the purpose of operating granite quarries at Hutchins Station, Georgia.

The following gentlemen are the ofiicers of the company : Charles Estes,

president; E. S. Johnson, secretary, and J. O. Mathewson, treasurer.

The capital stock of the company is $80,000 paid in, with the privilege

of increasing it to $300,000. Sixty-three acres of land have been

secured, and operations on quite a large scale are looked for.

Maine.^Tlie depressed condition of finances was fdt in Maine a

elsewhere. Many quarries stopped operations altogether in the latter

part of the year. ]!ifot only was there much less demand for paving
blocks, but the prices were much lower. The product of 1893 was
valued at $1,274,954, while in 1892 the figure was $2,300,000. Present

indications for 1894 are not good. Some of the business of 1893 was
the result of delay in filling contracts in 1892 because of the labor

troubles.

Maryland.—The value of the output in 1893 is $260,855, against

$450,000 worth for 1892. As in many other States, business was very

good until June 1, and even considerably in excess of that for the same
period of the previous year, but after that time demand for stone col-

lafsed, making the outlook for 1894 very poor.

Massachusetts.—In this State a product valued at $1,631,204 was
secured, while that for 1892 was valued at $2,200,000. Strikes in 1892

caused some contracts to be held over until 1893, making a good vol-

ume of business for the early part of the year. Dull trade, low prices,

MiN 93 35
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and slow collections were the universal characteristics of the trade

business for the latter part of the year.

Minnesota.—Without any exception the stone producers of this State

report a depressed state of affairs for the year, and particularly the

latter half. The value for 1893 was $270,296; for 1892 the figure was

$360,000.

ilfmowi—The value of the output in 1893 was $388,803; in 1892

the corresponding figure was $325,000. A decided gain for this State

is evident, and was due to the extensive operations of one or two firms,

one of which was filling a contract for the new city hall at Saint Louis.

A number of tlie producers in the State, however, reported business as

depressed.

Montana.—Production in this State dropped from a valuation of

$36,000 in 1892 to $1,000 in 1893.

New Rampshire.—The value of the product of 1893 was $442,424,

while for the previous year it was $725,000. Certain producers at Con-

cord report exceijtionally good business, but at most other producing

localities in the State reports very much resemble the discouraging

ones from other parts of the country. Considerable business was done

in the early part of the year, some of which was in fulfillment of con-

tracts held over from 1892 by reason of the strikes in that year.

New Jersey.—The falling off in this State was not so great as in

many others; this is due largely to the extended operations of a single

firm. The total for 1893 was $373,147 and for 1892, $400,000.

New YorTc.—Prospects in this State were unusually good in the early

part of the year, but the financial troubles asserted themselves as else-

where, with the usual results, reducing the total of $200,000 for 1892 to

$181,449 in 1893.

North Carolina.—The conditions which i^revailed in this State dur-

ing 1893 very much resemble those of Georgia. Much of the output

is for paving and curbing, and owing to the restricted sale of city

bonds operations in this line were reduced. The figures, however,

for 1893, namely, $122,707, are only slightly behind those ($130,000)

for 1892. From this it may be inferred that but for the financial

troubles the output would have considerably exceeded that for 1892.

Ore^ow.—Production increased from $6,000 in 1892 to $11,255 in 1893.

These figures are, however, so small as to be of very little significance

further than to indicate that under favorable conditions a much greater

advance would have been made.

Pennsylvania.—In 1892 the total output was valued at $550,000; in

1893, $206,493. Low prices, slow collections, and restricted demand
were reported from all parts of the State. *

Rhode Island.—It is interesting to note that while in this State pro-

duction declined from $600,000 in 1892 to $509,799 in 1893, the decline

is not so great as in many other States long recognized as among the

leading granite producers. The cause of the comparatively prosperous
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condition of Ehode Island in the past year is, perhaps, that the strikes

of 1892, which were quite severely felt, left a number of contracts to

be filled in 1893.

A number of the producers, although not the largest, report very dull

business. The first half of the year was considered unusually good.

South Carolina.—The volume of the output increased from $60,000

in 1892 to $95,443 in 1893. The number of producers in the State is at

present small.

The jetties in course of construction at Charleston were supplied

with granite from the quarries of the State.

North Dafcoia.—Production fell off from $50,000 in 1892 to $27,828 in

1893.

Tearas.—Production in 1892, $50,000; in 1893, $38,991.

Vertitdnt.—In spite of hard times a decided advance was made,
namely, from $675,000 in 1892 to $778,459 in 1893.

This increase resulted mainly from the achievements of the first eight

months; business in the last four was generally pronounced dull.

The number of producers and also of granite cutters and workers is

increasing at Barre. Few, if any, localities in the country stood the

financial depression any better than Barre.

Virginia.—The industry in this State suffered quite markedly, pro-

duction falling off from $300,000 in 1892 to $103,703 in 1893. While a

few important producers did quite good business, others report very

serious losses owing to the prevailing troubles.

Wisconsin.—In 1892 the product was valued at $400,000; in 1893 at

$133,220. The year opened up well, but fell off very much later on.

MARBLE.

The total value of the product in 1892 was $3,705,000; in 1893 the

total was $2,411,092, a decrease of $1,293,908, or 34.9 per cent.

The following table shows the product of marble by States in 1893.

Product of marble in 1803, hy States.

Sttitcs. Value.

California
Georgia
Idaho
Maryland
Pennsylvania ,

New "fork
Tennessee

$10, 000
261.666

4, 500
130,000
27, 000

200, 926
150,000

Vermont, ' 1,621,000

Total-
;

2,411,092

The following statements relative to the conditions of the marble

industry in the several States show how the year 1893 stands as com-

pared with 1892.

California.—The decline from $115,000 in 1892 to $10,000 in 1893
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simply means that a number of tlie quarries have shut down entirely,

owing to the prevalent dullness in all kinds of stone production. Tlie

product includes about $27,000 worth of onyx from the celebrated

quarries of Messrs. Kesseler Brothers.

Mr. Frank A. Kimball, of National City, California, has taken out

samples of variegated marble, some of which have been worked to a

finish. The prospects of future development seem to be good, and an

effort is being made to develop the property on a commercial scale.

According to the Mining and Scientific Press specimens of a number
of varieties of marble, notably a dark, mottled specimen suitable for

building purposes, have been taken from what is designated the Cald-

well Consolidated Marble Mine, Calaveras county, six miles from Valley

Spring, and midway between the latter place and San Andreas. A
narrow-gauge railway has been surveyed within 1 mile of the quarry,

which is elevated above the road, making it possible to transport stone

by tramway to the railroad. Blocks of the stone have been tested by

marble-workers at Stockton and San Jos6, and the results are favor-

able to the product.

It is said that slabs of any desired size can be obtained.

Arizona.—The well-known deposits of onyx in the Big Bug Mining

district, Yavapai county, have not been worked since 1891. The large

amount of waste material associated with the onyx, as at present

developed, makes the quarrying expense heavy, and has discouraged

the investment of capital until farther developments shall demonstrate

a better condition as the deposit deepens.

Georgia.—ThQ value of the output in 1892 was $280,000 ; in 1893,

$261,666. During the first six months of 1893, the marble industry iu

this State was pronounced by the leading producers as in the most

flourishing condition it had ever enjoyed, but after that demand was

very light and business exceedingly dull. Two of the producing firms

have shut down entirely.

It is said that the Piedmont Marble Company at Marble Hill, near

Tate, Georgia, is to furnish all the marble required by the proposed

new Saint Luke's hospital in New York City. This will mean a very

important stimulus to the further development of the Georgia marble.

Idaho.—Production in this State is of quite recent date and the

volume of the output in 1893 is $4,500. Indications are that this amount

would have been exceeded but for the general depression.

Maryland.—The value of the product in 1892 was $105,000 ; in 1893,

$130,000, a gain of $25,000. Much of the work done was upon contracts

made in 1892. Very little new business was offered in the latter part

of 1893, and the indications for 1894 are consequently not encouraging.

Michigan.—The Northern Michigan Marble Company has been

engaged in the preliminary work of opening up a marble quarry iu

Dickinson county. A spur track If miles long connects it with the

Metropolitan branch of the Chicago and Northwestern railroad. The
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officers of the company are: Edwin Porter, of Chicago, president;

Eobert C. Harper, vice-president 5 F. W. Woodruff', treasurer; L. Soule,

secretary; and A. L. Foster, superintendent. The general office is in

Chicago and the local office at Foster City, Dickinson county.

During the summer of 1893 a considerable quantity of the product

was shipped to various marble works for test as to its capabilities for

polish and ornamentation, with satisfactory results. The quarry has

been equipped with modern machinery and a force of 17 men has

been employed with the intention of putting the stone on the market

in 1894. Sawing and polishing mills are to be erected at the quarry.

Pennsylvania.—The value of the output in 1892 was $50,000 ; in 1893,

127,000. The explanation for this decrease is the same as for all other

States.

New York.—In 1892 $380,000 worth of marble was quarried, and

although production in 1893 fell off to $206,926 the general tone of the

reports made is not so gloomy as that which characterizes many other

States. It is said that one of the quarries of black marble at Glens

Falls has been entirely exhausted. The last of it was quarried in 1892.

A number of quarries at Tuckahoe, although reporting light demands,

seem to have done fairly well.

Tennessee.—From a product valued at $350,000 in 1892 there was a

decrease of $200,000 in 1893. This was due to poor business for the

latter half of the year for all quarries which conttuued in operation,

and to the complete shutting down of a number of quarries before the

end of the year.

Vermont.—The value of the output in 1892 was $2,275,000; in 1893,

$1,621,000. Business was universally reported good for the first part

of the year, but very much depressed for the latter half. A number
of quarries suspended operations and others curtailed work and reduced

the number of employes quite materially.

Virginia.—Development work is being prosecuted on the onyx quar-

ries of the Virginia Onyx Company in Eockingham county. The quar-

ries are about 4 miles from Mount Crawford station on the Shenandoah
Valley branch of the Baltimore and Ohio Eailroad. The company is

now prepared to fill orders, and a considerable product in 1894 is anti-

cipated.

SLATE.

This industry seems to have suffered severely from the same causes

which have made production of other kinds of stone exceptionally low.

The total value of the output for the United States in 1892 was
$4,117,125, while the corresponding figure for 1893 was but $2,523,173.
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The foUowiug table giVes the output of the year by States:

FroclHct of slate, by States, in 1S93.

States.
Roofing
squares.

Georgia
Maine
Maryland
Kew Jersey .

.

New York
Pennsylvania.
Utah .

Vermont
Virginia

Total

.

2,500
18,184
7, 422
900

G9, 640

304, 051
75

132, 061
27, 106

621, 939

Value.

$il,

124,

37,

3,

204,

1, 314,

407,

104,

Otlier kinds
of slate
(value).

$15, 000

206
157, 824

400
128, 194

12, 500

Total
value.

$11,250
139, 200
37,884
3, 053

204, 982
, 472, 275

850
535, 732
117, 347

2, 209, 049 314, 124 2, 523, 173

The following paragraphs show the condition of the slate industry

in the various productive States

:

Georgia.—Twenty-five hundred squares of roofing slate were the out-

put of each, of the years 1892 and 1893; the value for the latter year is

$11,250; for 1892, $10,625.

The Georgia Slate Company has been formed for the purpose of con-

solidating under one management all the Kockmart slate quarries from

which the entire output of the State is taken. Success in these quar-

ries, operated on a larger scale than heretofore, depends upon the

favor found for them in Southern cities. Among the latter, Atlanta has

been the most liberal buyer, having secured the entire output of 1892.

The prospect for 1894 is said to be fair. The general manager is Mr.

W. L. Graig.

Maine.—The number of slate producers in this State is limited to less

than half a dozen, but production of fine roofing slate has been pro-

gressing for a long term of years. The value of the output in 1893 was

$139,200; of this amount $124,200 was the A^alue of 18,184 squares of

roofing slate. The value of the output in 1892 was $250,000, all for

roofing purposes.

Maryland.—The value of the product quarried in 1892 was $116,250,

nearly all for roofing purposes. The corresponding figure for 1893 was

$237,884. The Maryland quarrj^s are immediately on the line dividing

Maryland and Pennsylvania, and together with the quarries on the

Pennsylvania side of the line constitute what is known commercially

as the Peach Bottom slate region. Most of the slate is at present from

quarries on the Maryland side ; of these there are 4 active quarries,

and 2 on the Pennsylvania side.

New Jersey.—The slate business of this State is not a very important

industry, the productive region being really a continuation of a much
larger field in Pennsylvania. Twelve thousand dollars represents the

value of the output in 1892, and $3,653 that of the product in 1893.

It is entirely used for roofing purposes.

New YoWc—The figures, $210,000 for 1892, and $204,982 for 1893,

indicate comparatively little decrease in activity for this State. Of
the unique and valuable red slate of Washington county only about
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3,500 squares were quarried; tliis slate coinmands a price of $9 or $10
per square, and is produced at no otber lo(!ality in tlie world.

In October the slate quarries of Granville stopped all quarrying until

the demand for their product should increase. Considerable stock on
hand had accumulated at that date.

Pennsylvania.—The value of the slate product in 1892 was $2,333,000;

of this amount $1,925,000 was the value of 550,000 squares of roofing

slate, and the difference, $408,000, that of manufactured articles. In
1893 the value of the output was $1,472,275, $1,314,451 being the value

of 364,051 squares of roofing slate, wliile the balance, $157,824, was
the value of slate for all other purposes. The decline is very considera-

ble and the outlook for 1894 is not encouraging.

Early in the year the industry was in unusually flourishing condition

and the product for the twelve months would doubtless have quite

largely exceeded that of any year previous had it not been for the

general depression in business of all kinds.

Utah.—The slate of Utah conies entirely from quarries near Provo
City. These quarries are still in the stage of preliminary develop-

ment and the product can not yet be considered as on the market.
Seventy-five squares valued at $6 per square, and $400 worth of flag-

ging were produced during the year.

Vermont.—Owing to the same general causes of business stagnation

the output of Vermont fell off from $1,014,000 in 1892 to $535,732 in

1893. Business was unusually good during the early part of the year,

but came to almost a complete standstill in the latter half. Many
quarries stopped entirely, after having accumulated large quantities of

stocks on the banks. Others reduced force and continued to operate

on diminished time. Still others quit the business entirely with no
apparent intention of resuming operations.

Virginia.—The total value of the output in 1892 was $150,000; in

1893 the figure was $117,347. Of this amount $12,500 represents the

value of slate for purjDoses other than roofing. While roofing slate

constitutes the greater part of the product, it is nevertheless interest-

ing to note that the production of mill stock has commenced. Hereto-

fore roofing slate only has formed the entire output.

SLATE IN GREAT BRITAIN.

Wales.—Next to coal, iron ore, and salt, slate ranks highest in value in

the mineral products. The flourishing condition of the slate industry

in North Wales is well shown in an article in the English Mining Jour-

nal, Eailway and Commercial Gazette, written late in 1893. It is of

interest, especially as much of our slate quarrying is fashioned after the

Welsh methods. For many years the slate trade was injured by the

high wages which followed the war between France and Germany,
although the first effect of this war was to increase the demand in
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Germanj for slate for repairing damages to property. But this led also

to the opening of many new small quarries, and the consequent unset-

tled state of prices. A long period of depressed prices followed, and
the usual extinction of small companies. The only good effects to the
producers was a reduction in royalties of from 25 to 75 cents on the ton
according to the quality of the slate vein. With the low prices produc-

tion declined, and stocks were reduced in 1891 and in 1892. There were
practically no stocks in 1893. Thus, in 1891, Port Madoc (from which
point shipments are best available), shipped 133,145 long tons, against

an output of only 118,273 long tons at the Festiniog quarries, the point

of production.

In 1892 the deliveries were 153,837 tons, against a production of

122,108 tons.

The following tables show the production of slate in the United
Kingdom for 1892,

The first table shows the total slate product.

Production of slate in the United Kingdom, 1S92.

Quantity. Value.

Mines under the metalliferous mines regulation act
Open work

Total for 1892
Total for previous year

Long tons.

341,993
276, 218

$2, 114, 226
2, 878, 413

418, 241
415, 029

4, 992, 639
4, 803, 235

The following table shows the production of roofing slate, by dis-

tricts, from open works included in the above table.

Production of roofing slate in tlte United Kingdom, in 1892, hy districts.

Districts. Quantity. Value.

Cardiganshire
Carnarvonshire (including Denbigshire)
Cornwall
Lancaahire
Merionethshirb
Montgomeryshire
Westmoreland

Total

Long tons.
319

256, 240
900

6, 380
9,841
2, 022
'516

276, 248

$2,385
2, 627, 837

6,930
93, 397

119, 327
24, 731
3,806

2, 878, 413

SANDSTONE.

The following table, giving the production of sandstone by States

for the year 1893, shows a total of $5,195,151. The total for 1892 was
$8,265,500. A decrease in value of $3,070,349 is evident. The causes

which brought about this falling off are identical with those which
have produced similar disastrous results in all other kinds of stone.

Yery complete and satisfactory replies from the producers show the
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same state of affairs in all parts of the United States. Firms wliicb

did a really tliriviug business are few, and their i)rosperity was due in

all cases to exceptional circumstances, such as the fulfillment of con-

tracts on Government or other public buildings. Many railroad

developments were discontinued in the latter half of the year, thus

materially affecting the production of sandstone for bridge building',

which ordinarily calls for a large amount of sandstone in sections

where it is to be obtained.

Production of sandstone in 189S, hy States.

states.
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since been known as the Cleveland Stone Company, which has been

steadily increasing in the extent of its real estate possessions, qnarry

property, and (with the exception of 1893) in the magnitude of its

annual sales.

In February, 1893, a number of firms which had declined to join in

the formation of the Cleveland Stone Company, united, forming the

l^orthern Ohio Stone Company.
The names of the firms forming this combination are: The Ohio Stone

Company, the Malone Stone Company, the Grafton Stone Company,

the Forest City Stone Company, the Baillie Stone Company, and the

Elyria Stone Company. The capital stock of the new combination is

stated as $25,000. Mr. W. C. Stewart, general manager of the new
company, says:

"The various companies have been working under a disadvantage,

and it has been felt for a long time that if our interests could be united

it would be beneficial to all concerned—the public as well as ourselves.

The various companies will retain their individuality as before, but the

new arrangement will make it j)ossible to carry on the business in a

more economical manner. In the past each company has been

obliged to keep men on the road to sell stone, maintain a distributing

yard at Cleveland, and bear the other expenses of a complete business

organization. This business will be transacted in the future by this

new company. Half the yards in Cleveland will be closed, traveling-

salesmen will be called in, and other expenses will be correspondingly

reduced. As an example of the saving, it might be said that to keep

a man on the road costs about $3,000 a year. The different companies

have arranged to sell their product to this central company, and the

latter will dispose of it to dealers. While the capital stock of the new
company is placed at only $25,000, it is in fact backed by the resources

of all the other comiJanies, so that the amount of money actually

invested in the business will approximate $2,000,000. There will be no

increase in prices ; the tendency will be rather to the contoary. There

will be no lack of competition, because the Cleveland Stone Company
deals in the same kind of stone as is obtained from our quarries.

Another advantage will be the fact that the new company will carry

different kinds of stone. At present a contractor usually has to deal

with several of our companies, but in the future all his wants will be
supplied by the new company. The latter is also authorized by its

charter to operate quarries and to deal in stone other than that pro-

duced by the auxiliary companies. We have already embarked in bus-

iness, as it is neither a trust nor a monopoly, but an improved system

of transacting business that will be of general advantage."

Later in the year the Central Ohio Stone Company was formed with

headquarters at 9 North Cleveland avenue, Canton, Ohio. The officers

of this combination are Mr. Joseph B. K. Turner, president; Mr. Wil-

ber Winfield, secretary, afnd Mr. J. B. Gabriel, treasurer.
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The great bulk, if not all, of the sandstone futerests of northern and

central Ohio, is thus seen to be under the control of three combina-

tions. The future of these companies will doubtless be regarded with

interest by those engaged in the production of sandstone.

The value of Ohio's sandstone output in 1893 was $2,101,932; the

value of the product in 1892 was $3,300,000.

This State stands far ahead of any other in the am ount of sandstone

produced. The next State in order of output is Pennsylvania, in which

the sandstone product was valued at $622,552. An important use of

some of the sandstone of Ohio and Michigan is for grindstones and

whetstones. A large part of the product of the country in this line of

manufacture, and practically all of the grindstone output, comes from

Ohio and Michigan, which together yielded in 1893 a product valued at

$338,787. Of this amount $00,615 covers the output in Michigan,

while the remainder belongs to that of Ohio.

LIMESTONE.

The limestone output in 1893 is valued at $13,920,223. The corre-

sponding total for 1892 was $18,392,000. A decrease of $4,471,777 is

apparent from these figures. The percentage decrease is 24.3, which is

less than that for any other of the various kinds of stone quarried in the

United States. The above figures include the values of limestone used

as such for building, road-making, and blast-furnace flux.

When we consider the importance of limestone as such and the indis-

pensability of lime in building of all kinds, as well as its use for agri-

cultural purposes, it is not surprising that the limestone industry, as a

whole, should more nearly hold its own in times of severe financial

stringency than work in other kinds of stone which depend mainly

upon building alone for their application.

The suspension of many building operations which, but for the hard

times, would have been carried through during 1893 , affects both the

quarrying of limestone for structural purposes as such and the pro-

duction of building lime. Many blast furnaces have shut down during

the year, thus curtailing the output of stone for use as blast-furnace

flux. The universal verdict from all parts of the country is good busi-

ness for the first half of the year and little demand, low prices, slow

collections (causing failures), suspension of operations, reduction of

working force, for the second half.

The following table gives, by States, the values of limestone quar-

ried in 1893:
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FrodiKM of limestone in 1SD3, l)y States.

States.
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stone. The oolitic-stone production has suffered quite severely from

the hard times, and a number of suspensions and even failures were

the result. The first half of the year showed up better than for the

same fraction of any previous year, but in July, August, and Septem-

ber there was almost no demand. From September until the close of

the year business improved somewhat.

Ohio.—In Ohio the total values of products in 1892 and 1893 were,

respectively, $2,025,000 and $1,848,063, making a decline in activity

apparent, but not so serious a falling off as has been experienced in

other States of large production. About one-third of the total value

in Ohio is that of lime produced; the remainder is used for building,

blastfurnace flux, and road-making.

Maine.—Considerable interest attaches to the figures representing

the output of the State of Maine, for the reason that all the quari ied

limestone in this State is converted into building lime, which supplies

many of the large markets on or near the Atlantic coast. The vahie

of the lime output in 1892 was $1,600,000; in 1893 the figure was

$1,175,000. This comparison may be regarded as some measure of the

relative activities in building in the large Eastern cities, which depend

chiefly upon Maine as a source of lime supply.

Pennsylvania.—In Pennsylvania limestone is quarried for the same

large variety of purposes as in Ohio, although the annual output has

never been so great as in the last-named State. The output of lime-

stone and its products in 1892 was valued at $1,552,336. Much of the

lime made in this State is used for agricultural purposes. Blast fur-

naces annually consume a large quantity of limestone as flux. The

curtailed operations of many of the furnaces caused, of course, a con-

siderable reduction in the quarrying operations for this purpose.

JSFew York.—]S"ew York State seems to have suffered in its quarrying

interests less than many other of the important States. The output of

1892 was valued at $1,200,000 and that of 1893 at $1,103,529. Busi-

ness flourished in the early part of the year to a greater extent than in

the same period of 1892, but the falling off of the latter part of the

year much more than neutralized the gain.

BLUESTONE.

The value of bluestone quarried in 1893 is estimated at $1,000,000,

while for 1892 the product was valued at $1,600,000.

It is impossible to obtain, by direct canvass of the bluestoneproducers,

figures which are comparable in accuracy to those easily obtained in all

other kinds of stone. The difficulty above indicated is due to the pecul-

iarities of the bluestone industry as prosecuted in the productive States

—

New York, Pennsylvania, and New Jersey. \, certain amount of the

stone is quarried from regularly organized quarries with a definitely

invested capital and plant or facilities for quarrying, but in addition to

the stone taken from these regularly operated quarries a large amount
is quarried irregularly and spasmodically by men who invest no capital
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and have no organization as producers of stone. Their operations are

conducted as follows : Provided with a very simple equipment of the

most ordinary quarry tools, they dislodge the stone found on land

belonging to other persons and transport it to a number of shipping

points, selling it there to dealers who make a business of collecting it

in this manner and then shipping it to the place of consumption. The

dealers pay the individuals who quarry the stone an amount which

compensates them for their time and labor, while the owner of the prop-

erty receives a certain definite percentage from the dealer for the

amount of stone thus taken from his land.

The following article, which appeared originally in the Kingston

(New York) Foreman, and which later appeared in the January (1894)

number of Stone, gives a very fair statement of the bluestone industry

for the year 1893

:

"The bluestone industry has not resulted as satisfactorily at the close

as was expected at its beginning. The money panic in July, August,

and September seriously affected the building trades all over the

country, and in consequence the dealers in building materials began

to reduce stock and builders to suspend work where it was possi-

ble to do so. Prices of bluestone at quarries were reduced and a

corresponding reduction in selling prices followed. Some of the whole-

sale dealers who were caught with large stocks on hand at this time

were heavy losers, and in some instances partial suspension of ship-

ments followed. An effort to stimulate the market by making a reduc-

tion in prices resulted in loss to the dealers in many cases, and as

usually follows such a course, still deeper depression followed in every

department of trade, the purchaser being tempted to buy when no real

demand existed. As a result the wholesale dealers find they have

large numbers of accounts on their books which are unpaid, in place of

the stocks they were so anxious to get rid of. Besides this, prices were

so low that the margin of profit was entirely lost on forced sales. The

retail dealers in all the cities go into the winter with smaller stocks

than have ever been known. The quarrymen in the Ulster section

have suffered more probably in proportion than the wholesale dealers,

for the reason that the drought of midsummer cut off some of their

grains and hay, besides the garden vegetables upon which they

depended for food-. In a measure, to compensate for this loss, it is the

intention of the wholesale dealers to keep their yards open all the pres-

' ent winter and receive stone for cost. This will make quarrymen quite

comfortable through the winter and will enable them to strip large

blocks for the season of 1894. The outlook is quite promising in the

amount of stone that will be required next season, but the prices that

will prevail will undoubtedly be low. In the absence of any form of a

combination dealers become over anxious to make sales, and so they

dispose of their stock, often to a disadvantage. Already prices have

been quoted for next season's delivery, which are much below any that

have been given since 1886. Such conditions are not usually alarming
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to the quarryraen, as in such cases sales are increased, orders are

delayed, production stimulated, and in consequence the i)rices realized

by the quarrymen are good. Shipments of bluestone for the season of

1893 have been far below those of previous years."

The following article in the July number of Stone is of interest as

showing the peculiarities of the bluestone (piarrying industry:

"The quarryingofbluestoneprobably requires as much skill ifnot more

than any other kind of stone, a fact often overlooked, and a i)otent fac-

tor in the success or failure of a quarryman. It seems to be the gen-

eral impression among a great many users and perhaps a few of the

producers of this most useful and durable stone that a man need only

find a deposit of salable quality of bluestone, and no more than usual

proportion of top to bed, with the usual shipping facilities, and success

is assured, but for any one who has been closely connected with this

especially interesting business it is easy to find the reason why a quarry

has not paid. The causes are usually radical, and one of the first flaws

after ascertaining that the quarry contains stone in fair quantity will

be found by looking into the system of quarrying, and here is fre-

quently a drawback to the prosperity of the quarry.

" The peculiar formation of bluestone and the fact of its being

found in comparatively small deposits, make machinery impracticable,

a quarry in Chenango county, New York, probably being the only

one which uses any of the modern machinery or blasting devices

in quarrying, such as the Knox system in use at this place. Some few

of the other large quarries, perhaps, are using the Knox system in

blasting their top rock, and quite a number are equipped with steam

drills. It is safe to say 90 per cent, of all the bluestone is quarried by
hand wedges and sledges. Flagging is a large percentage of the kind

produced and runs from one-fourth inch thick up. The beds usually

produce the thinner stone on top, running heavier as the bed is worked

down. Nearly every quarry has its own peculiar formation. Quarries

within 400 or 500 yards of each other frequently differ greatly as to

quality and formation. As a rule the best quarrymen have worked in

the quarries from the time they have been able to do anything, and

as that is usually pretty early in life, many of them have gained such

knowledge of the work that they know to a certainty how the stone

will work as soon as they see the bed, without raising a lift. It is only

after long work at quarrying that a man becomes expert. In raising

the flag is is very necessary that they come up in as large pieces as

possible, that the cutters may get the larger-sized stone most in demand
and for which the best prices are obtained. A good quarryman will

handle a lift with utmost skill, driving the wedges just enough to give

it the proper strain to free itself from the bed of stone, and yet not so

to strain it that it will break under the stonecutter's tool, or perhaps

before it is raised. There are no general rules or directions to follow

out, but only to use the knowledge and skill obtained by long and close

attention to the work."
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EXHIBITS OP STOXE AT THE WORLD'S COLUMBIAN EXPOSITION.

In response to the timely suggestion of Mr. F. J. Y. Skiff, Chief of

the Mining Department, nearly every State which made a display of

mineral products exhibited some kind of building stone, so that pro-

fusion and wide distribution of stones suitable for building purposes

made one of the impressive features of the Exposition. Not only was
the United States well represented, but also many other countries, and
in a number of cases these foreign exhibits were surprisingly compre-

hensive. This is particularly a matter of congratulation, considering

the great expense and risk incident to transporting such heavy and
yet fragile material as stone, especially in the form of slabs.

The following States were represented by exhibits of building stones

:

Arizona, California, Colorado, Connecticut, Idaho, Indiana, Iowa, Kan-
sas, Kentucky, Louisiana, Maine, Massachusetts, Michigan, Minnesota,

Missouri, Montana, Nevada, New Hampshire, New Jersey, New Mexico,

New York, North Carolina, Ohio, Oregon, Pennsylvania, South Caro-

lina, South Dakota, Tennessee, Utah, Vermont, Yirginia, Washington,

West Yirginia, Wisconsin, and Wyoming.
Among the specimens exhibited were many which represent well-

known sources of supply which have their essential characteristics fully

set forth in the several volumes of Mineral Eesources, but, in addition,

many new sources of fine building stone were brought to notice. In

fact, there was a greater contribution of new material in this line than

in any other. •

Arizona.—The kinds of stone represented were sandstone, litho-

graphic stone, and onyx.

The sandstone came from Flagstaff, and is of a brown and unchangea-

ble color, fine grained, and moderately hard. The quarries are actively

worked.

The lithographic stone and the onyx are satisfactory as far as the

present developments show.

California.—Included in the display from this State were specimens

of sandstone from Sespe, Yentura county; greenish colored sandstone

from Nilesj serpentine from Amador county; onyx from Kesseler's

quarry; marble from Colton, San Bernardino county, and from the

Inyo Marble Company in Inyo county, and slate from the Chili Bar
Slate Company.
The exhibit of onyx was very fine and showed well the capabilities

of the product for ornamental uses. Some of the slabs were so cut and
polished as to give the effect of landscape drawings or paintings.

Artistically the work on the stone was o^ a high order.

The marble from Colton, San Bernardino county, is coarsely crystal-

line. Its color is white streaked with black; in the form of columns it

presented a handsome appearance. The marble from Inyo county

shows quite a number of varieties in color and its adaptability to

interior decoration, as weU as for outside building, was apparent.
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Colorado.—The chief exhibit inchided a variety of .c^ranites, marble,

sandstone, and lava stone. Among the granites may be mentioned
what is known as Platte canj'-on granite, which was shown in columns
over 6 feet high and 1 foot in diameter. This stone seems to be highly

feldspathic. It is quite coarse grained. The jirevailing color is due to

feldspar. The polish is very satisfactory and there is no evidence of

knots or streaks.

The so-called Arkins gray granite was exhibited in the form of a pol-

ished column. It is quite fine grained and has occasional dark spots.

It takes a fine polish. Arkins red granite is medium grained, polishes

well, and contains occasional dark spots and streaks of a pinkish brown
shade.

Ootopaxi granite is quite fine grained. The specimens shown were
not so well polished as others. Aggregations of feldspar in places give

white spots here and there.

A fine 12-foot column of rose granite formed an important item of

the exhibit. This stone is beautiful in color, takes a fine polish, and
is, in general, free from knots and streaks. There are a few places

where a lack of transparency in the quartz gives the appearance of

spots, but these are not sufficiently pronounced to interfere with the uni-

formity of color. The workmanship involved in turning and polishing

this column is very fine.

Among the marbles was a polished column surmounted by a carved

cap. The stone is mixed blue and white and quite similar in appear-

ance to some of the Vermont marble. The stone takes a fine polish

and is quite fine grained. It was taken from the quarries of the West-
ern Granite and Marble Company. The other samples of marble
exhibited are hardly deserving of special mention, some of them being

only imperfectly crystallized and not specially attractive. As marble
quarrying in this State is still in its infancy better products may be
looked for.

The Colorado Marble and Mining Company, of Denver, displayed

specimens of ornamented and polished marble from quarries at the

head of Youle creek, Gunnison county. This marble is nearly white

in color, polishes very well, carves to a line, and seems well adapted for

ornamental purposes.

The exhibit of sandstones was quite full and satisfactory. Columns
of Kenmuir red sandstone exhibited by Greenlee & Son, of Denver,
consisted of sandstone of medium grain and which cuts well into orna-

mental work.

A column'of Coal Creek sandstone consisted of buff stone suscepti-

ble of ornamentation. Pleasaht valley red sandstone is of a purplish

color, finer grained than the two just considered, and probably has
greater crushing strength.

A specimen of St. Yrain red sandstone showed medium grain and
was susceptible of rubbing down to a fairly smooth surf^iCQ,

BON 93 3,Q
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The Pleasant valley quarries are in Larimer county, within 10 miles

of Fort Collins. They are well equipped with steam drills and other first-

class quarrying machinery. The stone is said to be free from alkalies

and any substances which tend toward disintegration. Its weight is 160

pounds to the cubic foot, crushing strength 12,000 to 15,000 pounds to

the square inch. It has been used in quite a number of buildings in

Denver, Pueblo, Kansas City, Chicago, St. Louis, Omaha, and New
York City.

The so-called lava stone is Mght in color and also in weight. It is

cheap and is used to some extent in Denver for foundations and for

interior construction.

Connecticut.—Granite and sandstone were represented in the stone

exhibits from this State. The granites were from ~S&w Preston, New
London, Sterling, Mantle, and Stony Creek. The sandstones were

from Cromwell, Portland, and Eockland. The specimens showed sat-

isfactorily the desirable qualities of these well-known building stones.

Idaho.—The exhibit from this State included so-called marble, sand-

stone, and magnesian limestone. Very little information was obtaina-

ble.

Indimia.—The well-known oolitic limestone ofthis Statewas exhibited

by columns about 20 feet high and by a large number of variously

tooled, rubbed, polished, lettered, and ornamented specimens which

showed well the capabilities of the stone in all the uses to which it is

put. A comparison of this stone with the Kentucky oolite showed

that they differ markedly in the average size of the constituent gran-

ules, those of the Indiana stone being noticeably smaller. The Indi-

ana oolite is known as the buff and the bluej the latter is said to come
from the greater depth.

Sandstone and oilstone were shown from Paoli. This stone is very

uniform in texture and of fine grain.

Iowa.—^Many specimens of stone were exhibited, but information in

regard to operations of quarries or analyses and tests of stone new to

the trade outside of local business was entirely lacking, and hence the

exhibit necessarily lost much of the interest which might have other-

wise attached to it.

Kansas.—A large number of specimens of limestone and sandstone

from many localities in the State was displayed. An unusual amount

of pains in testing, analyzing, and labeling these specimens had been

taken, and the collection was therefore of much interest. The follow-

ing tables were compiled from the labeled specimens. ThQ determina-

tions were made by Dr. S. W. Williston, of Lawrence, Kansas.
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i Kentucky.—The exhibit from this State included a large number of

specimens of limestone and a smaller number of sandstone. Of the

limestones the Bowling Green oolite is the most interesting and

important. The capabilities of the stone were well shown. An oolitic

stone known as Craneyville stone, from Caldwell county, is quite dis-

tinctly different from the Bowling Green stone. It has a good cleavage,

which makes it valuable for splitting into curbing and flagging stones.

A decidedly hard limestone is that quarried by the Hopkinsville Stone

Company in Christian county.

Maine.—A very large number of specimens of granite from this State

were displayed in the form of a collective exhibit which formed an item

of much interest among the stone displays. The celebrated roofing

slate from Brownville was also on exhibition.

Massachusetts.—The extensive resources of Massachusetts in granite,

sandstone, marble, and serpentine were well shown by representative

and well-prepared specimens. Granites from all the numerous quarry

regions were shown, also sandstone from Longmeadow and marble from

the following localities : North Adams, Van Deusen, West Eoxbury,

Stoneham, Bolton, and Lee.

Michigan.—The display of stone included handsome exhibits of Port-

age entry stone and brownstone quarried by the Detroit Brownstone
Company. Also buff sandstone known as Waverly sandstone.

One of the most interesting stone specimens is a serpentine found

near Ishpeming. This stone is not yet on the market, but considerable

has been done in the way of securing opinions from experts at home
and abroad.

The following rs an analysis of the stone:

Analysis of serpentine from Islqicm'mg, Michigan,

Constituents.

Silica, SiOj
Alumina, AbOj
Chromic oxide, CrjOj .

Ferrous oxitle FcO ...

Oxide of zinc, ZnO
Lime, CSiO
Magnesia, MgO
Sodium oxide, jSTo.jO-..

Manganese and nickel
Ca.rbon dioxide CO2 . .

.

Water

Total

Per cent.

33.80
1.65
0.42
9.79
0.30
3.46

31.74
0.32

Trace.
5.66

12.86

100. 00

Opinions from European experts indicate that this stone could com-

pete, perhaps at a slightly lower price, with popular European products,

even with the Italian Verde des Alpes. The supply appears to be con-

siderable and the stone occurs in masses which are said to be capable
of yielding blocks or slabs large enough for any uses to which the stone

would be put. Transportation facilities are at hand and the commer-
cial production of the material may be expected.
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Mvmiesota.—The kinds of stone represented in the exhibit from Min-

nesota included granite, quartzite, jasper, slate, and marble. Among
the Minnesota products the most important and interesting at present

is the so-called "pipestone red jasper," a metamorphic quartzite rock of

intense hardness, varying in color from cherry to violet. With a crush-

ing strength of 23,000 pounds to the square inch, the stone is not only

beautiful, but of great durability. Some line polished specimens, as

well as rough stones, were displayed.

Missouri.—Sandstone, marble, onyx, limestone, lithographic stone, and
granite were on exhibition. The collective exhibit was a very instruc-

tive one, as showing the varied stone resources of the State.

The marbles exhibited were variegated, the prevailing color in some

being gray and in others brown. Some of them look much like Ten-

nessee marbles. While some of the specimens showed a fair polish,

others were somewhat pitted and non-homogenous. A sample of onyx

from Pulaski county indicated some possibilities of getting fine material,

though the sample shown was not more than fair.

A sample of lithographic stone from Oape G-irardeau appeared to be

very satisfactory indeed ; a specimen of lithographer's work done upon

it seemed to leave little, if anything, to be desired; the impression

exhibited was very perfect in all details. The abundant and well-known

limestones of the State were fully shown, as also a number of granites,

including notably a cube of pinkish red coarse-grained highly felds-

pathic granite from the Syenite Granite Company, of Saint Louis.

Montana and Nevada.—Both of these States were represented in the

stone exhibit, but many of the specimens indicated nothing more than

future possibilities, and information in regard to scientific examinations

and tests was not available. The exhibits were, however, sufficient to

show that granite, porphyry, jasper, marble, limestone, sandstone, and

onyx are well worth further investigation and test.

New Sampshire.—The well-known New Hampshire quarries were

represented, and while the collection might have been much more com-

plete, it was satisfactory so far as it went.

A cube exhibited by the G-reat Falls Granite Company was particu-

larly beautiful, somewhat resembling one of the dark Swedish granites.

It showed a beautiful polish and a marked contrast between the polished

and cut surfaces, so that lettering and ornamentation showed. ITie

granites of this State are so well and favorably known that extended

comment is unnecessary.

In addition to the natural granites, some so-called artificial molded

granite was exhibited by the New Hampshire Molded Granite Com-

pany, of Keene. The product seemed to be strong and durable.

New Jersey.—The stone on exhibition was mainly sandstone from well-

known sources. Some granite and trap rock Avere also ehown, as weU as

hand specimens of granite, marble, limestone, barite, and conglomerate,

by the State Geological Survey.
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New Mexico.—A number of beautiful specimens of ricolite and some
serpentine marble and onyx were shown. A specimen of landscape

serpentine giving the effect of a painting was very unique and beau-

tiful. For special information in regard to the serpentine, the reader

is referred to Mrs. Lydia J. Cad well, Adams Express Building, Chicago.

Mr. Owen McDonald, of Hillsboro, I^^ew Mexico, can give information

in general with regard to the State's resources in stone.

New York.—From both the commercial and purely scientific stand-

points New York's exhibit of stone of every kind was very complete

and satisfactory. Many of the sandstones shown were so compact and
fine grained as to be susceptible of not only an exceedingly smooth sur-

face, but almost a polish. The celebrated red slate of Washington
county was shown in the collective exhibit, and also by a special exhibit

from Pritchard's quarry in Middle Grranville. Marbles from nearly all

the quarrying localities were well displayed. A collection of road-

making materials was also shown, together with information as to

results of practical experience with them. From the educational stand-

point the New York stone collection was unquestionably the finest at

the Exposition.

North Carolina.—The stone resources of this State were exhibited in

a manner highly creditable to those in charge of the State's exhibit.

Fifty-seven different exhibits are on record in the official Exposition

catalogue, and much care and interest in selecting and preparing speci-

mens were apparent to the visitor. The kinds of stone included gran-

ite, sandstone, limestone, marble, serpentine, and slate. Among the

granites may be mentioned a fine black (probably biotite) granite from

LilesviUe. This stone polishes beautifully and shows a strong contrast

between the polished and rough surfaces. A highly feldspathic pink
granite from Dunn's mountain, Rowan county, is one that for beauty

would commend itself to consumers. The exhibit of the Mount Airy
Granite Company consisted of a circular wall of rough stone, present-

ing a fine appearance. The quarries of this company were represented

by photographs, which show such location of the quarries as would
promote ease of quarrying. The granite collection showed clearly that

the people of the State are alive to the fact that they possess not only

durable but beautiful granite and in enormous quantities. Although
quarrying operations on a thoroughly modern scale as to equipment are

of recent date, rapid strides have been made in transportation facili-

ties, the lack of which offered at first the most formidable obstacle to

development. Near Ealeigh are several quarries, among which maybe
mentioned the so-called graystone quarries, which are in active opera-

tion. The Henderson quarry in Granville county is a hard, dark-col-

ored granite, eminently suited for paving blocks. Near Wilson, in Wil-

son county, is a reddish granite resembling Scotch granite and suitable

for monumental purj)oses. In Alamance county, near Graham, is a
dark-gray granite suitable for fine work. In Surry county, near Mount
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Airy, are the Mount Airy granite quarries, the stone from which is used

for heavy masonry and for paving. A granite quarry near Kernersville

furnishes stone suitable for and used in monumental work. Dunn's

mountain, near Salisbury, is a mass of white, highly feldspathic granite,

which has been used with good results in the Government building at

Ealeigh. A notable granite is also that taken from quarries near

Mooresville, Iredell county. This stone is well adapted to monumental
work as well as rough building.

Both brown and gray sandstone were exhibited, showing well the

resources of the State in this line.

Korth Carolina marble, taken from the gorge of the Nantahala river,

is beginning to attract general attention as a marble similar to the

Georgia marble, and said to be sold under that name. It varies in

color, being white, black, rose colored, and variegated. A Georgia

company is now operating quarries in this region.

Although no slate is quarried in the State it exists near Egypt, at

Goldston, and is found at a third point, 4 miles from the mouth of

Rocky river.

Ohio.—The well known sandstones and limestones of Ohio were
fully represented. Among the sandstones were exhibits of the Ohio

grindstones, which are too well known to need special mention here.

Limestone was shown in great abundance, not only for building but

also, by many specimens of stone, for burning into lime. These lat-

ter were accompanied by specimens of lime made from the stone.

Columns of Berea stone, furnished by the Cleveland Stone Comiiany,

were used in the edifice erected on the space allotted to Ohio in the

Mining building.

Oregon.—The kinds of stone exhibited included a few specimens of

granite, sandstone, limestone, and marble. Of these the most inter-

esting is perhaps that of marble which came from the quarries of the

Variety Marble Company, in Douglas county. About 30 men are

employed at these quarries. The operations are of quite recent date.

Pennsylvania.—Pennsylvania's exhibit of stone of all kinds was one

of the best as a collective exhibit. A very large number of specimens

were displayed in a single collection,while there were in addition several

special exhibits of a notable character. It is to be regretted, however,

that satisfactory information in regard to many of the specimens was
wanting. The same remark applies equally well to a number of State

exhibits. All of the kinds of stone known to the general trade were
abundantly represented. Among the well known quarrying centers

reiiresented were theAvondale limestone quarries ; Schweyer and Liess,

of King of Prussia; the old Bangor Slate Company, the Big Bed Slate

Company, the Hard Vein Slate Company, the Pen Argyl Slate Company,
the Peach Bottom Slate Producers' Association, the East Bangor Con-

solidated Slate Company, the Blue Valley Slate Company, Globe Hard
Vein Slate Company, E. W. Evans & Company, F. M. Hower, Imperial



STONE. 571

Slate Company, of Wind Gap; Jackson Brothers, of Pen Argyl; R. L.

Jones & Company, of Delta, and W. W. Jones, of Belfast. From this

enumeration it is evident that the slate of the leading slate-producing-

State was well represented. Among other well known producers of

other kinds of stone may be mentioned the Conshohocken Stone Com-

pany, the Hummelstown Brownstone Company, the Swatara Brown-

stone Company, Leiper & Lewis, of Chester, and a number of pro-

ducers of Beaver Valley sandstone, which for certain uses has madp
an enviable reputation.

^ Schweyer & Liess, of King of Prussia, exhibited a 2-inch-thick slab

of marble, 16 feet 2 inches by 6 feet 9 inches, probably one of the

largest slabs of marble of that thickness ever quarried. An analysis

of this marble shows the following composition

:

Analysis of marMe from King of Prussia, Pennsylvania,

Calcium carbonate CaCoa
Silica SiOa
Alumina AI2O3.
Ferroua oxide FeO
Magnesia MgO
Phosphoric aciil P-^O^ —
Organic matter

Total

Per cent.

3.157
.771
.167
.542
.509
.048
.132

100. 326

The following is an analysis of Meriontown refractory firestone:

Analysis of firestone from Meriontown, Pennsylvania.
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A small but fine specimen of black marble was exhibited by the

Brookside Glub of Williamsport. No quarrying operations have been

undertaken, but the stone merits further investigation.

South Carolina.—The Winsboro Granite Company, of Winsboro,

exhibited three one-foot cubes of two grades of light, highly felds-

pathic, fine-grained granite. The polished surface is much darker in

color than the rough surface, and lettering shows well. The coloring is

not always perfectly uniform, owing to white knots. The stone is un-

doubtedly a valuable building stone.

South DaJcota.—In the exhibit from South Dakota were samples of a

uniform, but rather soft, red sandstone, which was shown in a number
of carved figures. Besides this were some polished samples of Sioux

Falls quartzite in the form of polished columns. This stone shows oc-

casional small knots, which will not take a polish, but these do not seri-

ously interfere with its beauty. The stone, although beautiful enough

for ornamental work, is at present quarried for paving purposes, the

blocks being in use in Chicago, where they have given satisfaction.

The stone splits easily into paving blocks, and it is claimed that it can

be worked for this purpose more cheaply than granite. A crushing

strength test gave about 22,000 pounds to the square inch. The quar-

rying of this stone has been going on for about ten years, and is be-

coming fairly well known to the country at large as well as to such

of the Western cities as have had practical exiDcrience with it.

Tennessee.—Two exhibits, one of sandstone and the other of marble,

were shown. The necessity, however, for exhibiting Tennessee marbles

was not great, since these marbles were in use in the Exposition build-

ings themselves.

Utah.—Granite, sandstone, slate, and onyx were included in the ex-

hibit from TJtah. The onyx varies in color from white to brown, green,

and variegated. Only small samples were shown, and none of it is as

yet quarried. It contains here and there opaque, chalky looking spots,

which, of course, form a drawback. It is said to occur in seams from

3 or 4 inches in width to several feet and to extend for long distances.

It is believed that commercially successful quarrying will result from

further development of the deposits. The slate exhibits from Prove

City revealed some samples which somewhat resemble Vermont slate

in color, which is purple and green. The specimens showed good

cleavage, and there seems to be no doubt that good roofing slates could

be made.

Vermont.—In the abundance, variety, and beauty of its marble ex-

hibits Vermont, of course, far surpassed all other States. In the

Mining building was a collective exhibit in which the following well-

known firms were represented : Bardillo Marble Company, of Brandon,-

Barney Marble Company, of Swanton; Brandon Italian Marble Com-
pany, of Brandon; Columbian Marble Company, of Eutlan'd; Corona

Marble Company, of Brandon; J. K. Freedley & Sou, of East Dorset;

I
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Mallet's Bay Marble Company, of Colcliester; S. F. Prince and Com-

pany, of Sontli Dorset; Smith and Brainerd Marble Company, of Mid-

dlebiiryj True Blue Marble Company, of Rutland, and the Vermont
Marble Company, of Proctor. The specimens were well selected and

included a great variety of shades of color. Educationally this col-

lection was very satisfactory indeed. In addition to its display in the

Mining building, the Vermont Marble Company had another of manu-

factured articles and works of art in the Manufactures building.

Granite was exhibited in the Mining building by the Ascutney

Granite Company, of Windsor; the Co-operative Granite Company, of

Calais; Jones Brothers, of Williamstown; Lyon Granite Company, of

Dummerston; North Haverhill Granite Company, of Montpelier; W.
A. Eice, of Woodbury; C. H. Stearns, of Hardwick; Vermont Granite

Company, of Montpelier; Vermont Quarry Company, of Montpelier,

and the Wetmore and Morse Granite Company, of Barre.

In the Manufactures building a cooperative association of granite

producers in Barre made a fine display of their carved, polished, and
dressed products, such as monuments, tombstones, etc.

It is safe to say that the Barre granite, for uniformity, fineness of

grain, beauty of polish, susceptibility to carving, freedom from knots,

streaks, or flaws, had no superior at the Exposition from any part of the

United States.

The well-known Vermont slate was represented by specimens from
the Eureka slate quarries at Fair Haven.

Virginia.—Granite, marble, onyx, and slate were included in three

exhibits from this State. Ife must be said, however, that justice was
hardly done to Virginia's well-known and extensive resources in the

line of building and ornamental stOne.

Washington.—Some possibilities in the way of slate, marble, and
other building stones were shown, but information in regard to the

specimens was not obtainable.

West Virginia.—Collectively the exhibit of stone from this State

showed well its quite abundant resources in sandstone and limestone.

Among the sandstones may be mentioned exhibits by the Alderson
Brownstone Company, headquarters at Richmond, and the Virginia

Brownstone Company, of Hinton. A number of sandstones in West
Virginia have won good reputations as bridge stone and some of them
are valuable material in the erection of buildings.

Wisconsin.—Granite, sandstone, and limestone were shown. Granite

was displayed by the Amberg Granite Company, the Berlin and Mon-
tello Granite Company, the Cohn Granite Company, and the French
Granite Company. These firms made a very creditable showing, large

blocks of beautifully polished stone being used in the construction of

a railing around the State exhibit in the Mining building and in a
pavilion. .

The Marblehead Limestone Company showed their product in the
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form of a series of steps which demonstrated the desirability of the
stone for such use.

Of the sandstones the Ashland Stone Company, the Prentice Brown-
stone Company, and the Superior Stone Company had very creditable

exhibits.

Wyoming.—Much credit is due to the enteri)rise shown in getting up
the best obtainable collection of building stones to show the resources
of this Territory, G-ranite, marble, sandstone, and onyx were shown,
Very little actual quarrying has been done, and naturally many of the
specimens being taken from the surface did not show the best stone,

which would doubtless be obtained by going deeper. It was, however,
definitely shown that the above-mentioned stones are to be obtained
in large quantity and probably, in many cases, of fine quality.

SOME OP THE FOREIGN STONE EXHIBITS AT THE WORLD'S COLUMBIAN EXPOSITION.

MEXICO.

Lower California.—The exhibit of the New Pedrara Onyx Company
in the east gallery ofthe Mining buildingwas most remarkable, both for

the quality and quantity of its material. Onyx, both in rough and pol-

ished state, was shown in solid blocks and slabs up to 6 feet in length,

while the space was inclosed by a balustrade 3 feet high of solid onyx of

the most delicate pearl-white and greenish tints, with pink and red veins

and markings. The striking feature of the onyx, aside from its beauty
of color and trauslucency, is its freedom from flaws, cracks, or holes, as

well as from inclosures of flint, which detract so much from the value

of most Mexican onyx. Every piece rings under the hammer like a

bell. The company claims that slabs of great size, up to 9 or 10 feet

square, can readily be obtained from its quarries. The quarries are

located in Lower California, in latitude 30°, or about 200 miles south

of the international boundary. The region, though rich in mineral

resources, is as yet undeveloped, and the onyx is hauled at present by
wagon to the bay of San Carlos on the Pacific coast, a distance of about

CO miles on a down grade, and thence shipped by water. The onyx
occurs in several layers or beds, from 1 to 3 feet in thickness, lying on

or near the surface, interbedded with calcareous conglomerate and tufa.

It it evidently a thermal spring deposit, of comparatively recent geo-

logical formation. On the company's property, which comprises about

5,000 acres, are two deposits about 3 miles apart. The one now being

worked extends over about 20 acres, and on it in places three distinct

beds or layers of onyx have been opened within 20 feet of the surface,

so that an immense amount of the material is readily available. Prof.

S. P. Merrill, of the National Museum and author of "Stones for build-

ing and decoration," who examined this jiropertyin the summer of 1892

for the purchasers, considered it the most remarkable deposit of onyx
yet discovered.
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ITALY.

The Italian display of marbles and of rough and carved alabaster in

the Mining building- constituted an attractive and instructive exhibit

of the varied resources in lines which have made Italy famous. For
the finest carving and most delicate statuary work the Italian mar-
ble is acknowledged the world over to have no superior. The posses-

sion of this high grade of statuary marble and the artistic temperament
of its people have together conspired to make this country the head-

quarters not only for talented sculptors but for skilled artisans and
stonecutters. In view of these facts there naturally exists in all

countries where art is prized a demand for Italian marble, both rough
and manufactured. While this demand for the finesfT statuary marble
and its products from Italy is unquestionably well founded and legiti-

mate, it should be remembered that for the great majority of purposes,

such as building and interior decoration, our own country is just as

well able to supjily the demand for marble of the greatest variety in

color and the most perfect susceptibility to polish and fine finish. The
variety in the marbles found in the United States is very great indeed,

and the prosperity of the industry in the past is a sufficient testimonial

to the acceptability of our own products for all the uses to which mar-
ble is put.

The following item relative to the marble industry in the valleys of

Carrara, Massa, and Seravezza will be found of interest as showing
the extent of the industry and the nature of the product quarried

:

" The marble quarries belong to the Upper Trias formation, and are

found between more or less crystalline schists. Below these marbles

there is a zone of compact limestone one called ' grezzoni,' belonging to

the Middle Trias. The marble-bearing zone extends over an eliptical-

shaped area covering more than 78 square miles. At the present time

marble quarrying on a large scale is carried on only in the valleys of

Carrara, Massa, and Seravezza. In recent years quarrying has also

been carried on in the valleys of Arno and Vinea with increasing suc-

cess. Of the various kinds of marble quarried in the Italian Alps,

common white marble is largely x3redominant, and constitutes the prin-

cipal'part of this trade. It is used for all kinds of purposes, such as

for monuments, architecture, staircases, and pavements. Next in im-

portance is the ' bardiglio,' a grayish marble, of whiot there is a beau-

tiful variety with black and white veins called ' bardiglio fiorito.' This

variety is largely used for tombstones, monuments, and furniture. The
statuary marbles form an important class. In consequence of their

very fine grain and white color, they are used for sculpture, museums,
churches, and all other places which are protected from the effects of

the atmosphere. There are also the colored marbles, which are expen-

sive. The trade in these marbles is very limited, and the same may
be said of the black and of some Cipolin marbles. The total number
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of quarries actually worked in the above-mentioned provinces is about

500, ai;id there are more than 700 either not at present being worked
or abandoned. There are also about 170 establishments for working

and sawing the marble. The marble trade gives employment to 9,104

workmen, of whom 5,899 are employed in the quarries, 900 in carrying

and loading the marble, 675 in the sawmills, and 1,630 in the studios

and works."

Among the foreign stone exhibits of special interest should be men-

tioned one by Messrs. Farmer and Brindley, of London, of carved and
polished samples of ancient Egyptian porphyry, which, however, instead

of remaining anc*ent, promises to become one of the most modern prod-

ucts in this highly prized kind of stone.

From a publication by Mr. W. Brindley on this subject, it appears

that, important as these ancient Egyptian porphyry quarries were under

the Csesars, they became lost to history on the decline of Eoman
power in Egypt, and for fifteen centuries the world has been ignorant

of their whereabouts and has had to obtain supplies in this line by the

shameful destruction of the beautiful work of the ancients.

" The old quarries have now been rediscovered and are found to con-

tain immense masses of the most beautiful porphyry, the supply being

practically inexhaustible. A concession for their reworking has been

granted tome [W. Brindley] by the Khedival Government of Egypt for

a long period of years on advantageous terms.

" These ancient quarries of imperial porphyry are situated at the

Mons Porphyrities (now called by the Arabs, Gebel Duchan) of the old

geographer, Ptoiemy. This mountain is on the Egyptian Eed S«a

coast, about 20 miles inland from the ancient port of Myos Hormos,

which port is opposite the island and light-house of Shadwan and near

the entrance to the Gulf of Suez. This harbor (now called Abu Shaar) is

sheltered from the north winds, and has ample depth of water for barges

to load alongside.

" The old Eioman route from India and Persia to Europe began the

caravan journey at the port of Myos Hormos and passed alongside of

Mons Porphyrities, where it joined the old Porphyry road from the

quarries to the Nile; the old caravanseries and reservoirs for water

still exist all along the route through the desert to Keneh on the Nile.

" The first stage of this road was from Myos Hormos to a station

at the foot of the Porphyry mountain, a distance of about 20 miles.

The road has a gentle gradient of about 1 in 80, and all the way it is

smooth and level, being composed of shingle, made solid with sand

which is firm enough for a carriage to drive over. If a narrow-gauge

railroad were laid on the surface, loaded trucks would descend, requiring

only slight brake power to regulate their speed, the empties being sent

back by oxen or camels.

<> Oil the sides of the mountain are some six or seven ancient quarries
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with the various roads np to tliein. Some of the quarries are a little

above the level of the valley. The largest of them is on the peak, Ly ka-

bettus, near the top of the mountain, np to which there was a wide-

pitched road or slide, used for the descent of tlie lirge blocks, some of

,

which must have been over 20 tons in weight. This peak is one high
solid mass of choice red porphyry, about 120 feet broad and 60 feet high,

and it is still capable of producing an almost unlimited supply, aud
blocks of immense size are still obtainable.

" The road for their removal requires either repai'' or a new block

slide, as, owing to the rainstorms of twelve or fifteen hundred years, the

old broad-pitched road is in part destroyed. The quarries have not been
worked, at the latest, since the Mohammedan invasion of Egypt. The
great columns as seen in Eome and Constantinople, the huge sarco-

phagi and basin (16 feet across) of the Vatican, all, no doubt, came from
this quarry at Lylcabettus.

" Mitchell, the geologist lately in the employ of the Egyptian Govern-
ment, specially surveyed one quarry for Mr. Brindley, which the latter

had not time to visit, and he reports that there are in that quarry alone

2,000 cubic yards of porphyry obtainable at little cost, the value of

which in Europe, reckoned at only half the price now paid for porphyry,

would be worth at least £162,000 ($S10,0J0).

" It is proposed to do all the quarry work by the aid of native work-

men, who are both abundant and cheaj), first-class practical quarrymen
and masons being obtainable at half a crown a day and laborers at

much less.

"In working porphyry it splits up readily with wedges, and this was
the ancient method. Now, blocks can be divided quicker and truer by
the aid of ' plug and feathers,' a hold being made 3 inches deep in twenty-

five minutes, simply by hand power. It can be sawed into slabs quickly

by the aid of chilled iron shot, as now used in granite cutting. Turning

can be done about as cheaply as for granite by the new system of Briu-

ton's revolving cutters, and it injures the cutters less than granite, as

the latter contains quartz, while porphyry is only of feldspar hardness.

"The present average price of antique porphyry is about £7 per

cubic foot; two new columns, 7 feet in length and 1 foot in diameter,

recently made in Venice for a Paris house, sold for £800. The supply

is a monopoly and the quantity practically unlimited.

"It is intended to take the blocks from the harbor to Aba Shaar by
native sailing barges to Suez, where it would be measured by the

Egyptian Government for royalty dues. From Suez it would be shipped

direct to London."

NEW SOUTH WALES.

The exhibits of stone of all kinds from this country at the World's

Columbian Exposition were very fine and impressive. The various

rough and manufactured products showet). the fact that almost any
MiN 93 37
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desired kind of stone may be obtained in abundance. Most of the

public and private stone buildings of the city of Sydney are built of

Triassic sandstone taken from quarries in the vicinity of the city.

This stone is pleasing in color and entirely satisfactory as to durability.

It is easily worked and is susceptible of ornamentation. Blocks weigh-

ing 50 tons may be quarried without difl&culty.

Granite from Mornya and Trial bay was shown. The former is of

even texture and good quality. It has been used in the form of columns

in the Sydney post-ofQce. The Trial bay granite is of pink color, due

to Hesh-colored feldspar, and has been used in a breakwater and inx)ublic

buildings at Trial bay. Syenite from the Bowral quarries is a stone of

great hardness and durability, and on account of these qualities was
selected as the material of which to construct the buttress and piers

of the Hawkesbury railway bridge between Sydney and Newcastle, the

largest bridge in Australia. The foundations of some of these piers

extend 190 feet below the bed of the Hawkesbury river. This stone

has been adopted as the best for all railway construction. It is also

used for curbing in Sydney. Serpentine is obtainable, but is not quar-

ried at present.

In the Cowra district diabase porphyry (verde antique) is obtainable,

but is not worked.

Marbles are found in considerable variety from the Mullion, Momlam,
and Cow Flat districts. White marble from the Cow Flat quarries has

been used in the form of tiles constituting the flooring of the great hall

of the Sydney University, but is at present used only for lime burning.

Black and light mottled marble from the Marulan quarries has been

used Avith the Cow Flat marble in the flooring of the University of

Sydney. Like the latter, it is used only for lime burning.

The marble from Moonbi is red and white coralline marble. These

quarries were worked at one time, but not at present.

Black marble with white coral markings, presenting a handsome
appearance, is obtainable at Briar Park, Eockley. No quarries have

yet been ojDerated.

Roofing slates of excellent quality have been obtained in the Goul-

burn, Bathurst, and Gundagai districts.

OTHER COUNTRIES.

The following information relative to foreign building stones is taken

from a number of monographs by Mr Hjalmar Lundbohm, of the Geo-

logical Survey of Sweden. Mr. Lundbohm has had exceptional oppor-

tunities as the result of extensive travels to become an authority as to

the merits of the various kinds of stone in the leading producing

centers of the world, and also to become familiar with the quarrying

methods and the processes used in dressing, cutting, and polishing

the products for use. His publications are of special interest, since
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few scientists, if any, before liim, have given so much attention to the

study of stone from the economic as Avell as the scientitic side over so

large an area of the globe. His travels included visits to the leading

quarrying centers of the United States, as well as to those treated by

him iu the following pages.

QUAERY PRODUCTS, BUILDING AND ORNAMENTAL STONES OF SWEDEN

"Though the stone industry, as one of the more imjiortant means ol

livelihood, is of a comparatively recent origin in Sweden, the use of

rocks for constructive and decorative purposes dates back to an early

period. During the mediaeval age, when church architecture was
nourishing, the comparatively soft rocks, such as limestones and sand-

stones, were used very extensively. The cathedrals of Upsala, Linko-

ping, Skara, Lund, and other cities, as well as the ninety-four country

churches of Gotland built before 1350, and well known to all who are

interested in the Gothic and Roman style of architecture, show that

the builders of that period possessed good judgment as to quality of

stone and methods of use as well as skill in masonry, which has not

been surpassed in later times. During the following centuries, at

various periods, the stone industry showed high development, especially

in the seventeenth century and the early part of the eighteenth, when
Swedish architecture reached its most flourishing condition, and fine

buildings such as the royal castle in Stockholm and others were
erected. This period was followed by one of decadence, characterized

by a tendency to substitute for natural stone the cheaper artificial

slone and plaster. In a large and sparsely populated country like

Sweden this was quite natural so long as means of transportation were
undeveloped. Later, as the country became traversed by numerous
railways and canals, the stone industry again became more prominent,

thus benefiting the national architecture as well as constituting an
important item among the industries of the nation.

"The stone industry has to do with the following rocks, mentioned

in the order of their commercial importance: Granite and some other

crystalline siliceous rocks, Silurian limestone, Cambrian and Silurian

sandstones, Archaean crystalline limestone, clay slates, mica schists,

etc. In addition porphyry is used for decorative purposes.

" The Archaean rocks, especially granites and gneisses, occupy very

extensive areas, and as these rocks show such variety as regards color

and structure, there is an ample supply of the most excellent materials.

Probably no other country in Europe presents so many different kinds

of granite suitable for building and decoration.

"The term granite is generally applied by stonecutters and archi-

tects to a great number of different rocks, such as gneiss, hyperite,

diorite, gabbro, diabase, and others. Using the term in its cominercial

sense, the most important granite quarrying districts are to be found
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in the provinces of Boliuslan and Halland, on the west coast of Sweden,

and Skiiue, Bleking-e, Ostergotland, and Upland, on the Baltic Sea.

"In Bohnslan a true granite occupying" a large area along the coast

is quarried. The color of the rock is generally light gray, sometimes

light red, and the structure, varying from very fine grained to medium

and coarse grained, is in most cases very homogeneous. As types of

the granites ot this region may be mentioned one of red color, coarse,

and somewhat resembling the famous granite of Peterhead in Scot-

land, and another gray or pink in color, of fine and close grain. There

are many varieties of this latter type, some of which are very soft,

some rather hard, of the same character as the granite of Westerly,

Ehode Island. In consequence of the favorable situation of this dis-

trict and the excellent quality of the granite, it has been quarried

extensively and exported to Germany, Denmark, and England. The

principal products are building stone for docks, harbors, and bridges,

paving stone and monuments. The most important quarries are at

Malmon, Niiset, and Lysekil, in the southern part of the district, and

at Iddefjordcn, near the i^Torwegian border.

"In Halland two different kinds of gneiss occur, and are quarried at

many places on the coast. One of these varieties, found at Varberg,

contains pyroxene, and is dark green and very granitic; it takes a high

X3olish, and has a reputation as one of the most beautiful monumental

stones. Large quantities are exported to Germany, Scotland, and dur-

ing recent years, to a small extent, to America. The other gneiss in

Halland is rather hard, fine grained, and variable in color. It is used

almost entirely for street work, the products being exported to Germany
and Denmark.

"The province of Blekinge takes a prominent position among the i)ro-

ductive granite districts, not only on account of its geographical situa-

tion, near one of the principal purchasers, Germany, but also because of

.the superiority of its granites and gneisses. These are red and gray,

generally fine grained and suitable for building and street work. Large

parts of Berlin and other cities in Germany are paved with stone from

one firm, which has employed for many years more than 1,000 workmen.

"In Smaland occur numerous varieties of red granite, the most im-

portant of wliich are found at Vanevik and Visbo, south and north,

respectively, from Oskarshamm. One of these, medium grained and con-

taining blue quartz, is very extensively used for monuments in Germany,

and during recent years has been shipped to Scotland and America,

where it is known as 'Eed Swede.'

" In a small area at Graversfors in Ostergotland were several granites

of extraordinary beauty. One of these is coarse grained, contains

brownish feldspar and blue quartz; another, well known by American

monument dealers und«r the name Swedish Rose, contains dark red

feldspar and deep blue quartz. Both are used chiefly for monumental

purposes in Sweden, as well as elsewhere.
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"In tlie vicinity of Stockholm are numerous quarries of a gray, fine or

medium grained granite, very niucli resembling those of Aberdeen and

Dyce in Scotland. The capital has some very fine quays, bridges, and

j.edestals of this stone.

"Near ISTorrtelJe, in Upland, arc quarried red and gray granites used

for building in Stockholm,

"Within the last few years it has become customary in Germany to

use black granite for tombstones and monuments, and in consequence

of this quite a number of diorite, hyperite, and diabase quarries have

been opened, especially in the southern part of Sweden. The most im-

portant of these are near Lake Immeln in Skiine, and near Vestervik in

Sm^land.

"Owing to the abundance of good granite in Sweden quarrying has

been undertaken only at places where circumstances were favorable.

Thus it is that the more important quarries are all situated in the vicin-

*ity of good harbors; ease of quarrying has also been considered, result-

ing in the selection of places where the rock showed regular bedding and

jointing and homogeneous structure. Production is consequently inex-

pensive, although methods of quarrying are in many cases not so ad-

vanced as in America and Scotland. Steam cranes are used only to a

limited extent, and steam drills have hardly been tried for the reason

that wages are very low, and hand drillers exceedingly clever. Even
dressing and polishing ^re carried on very slowly, though generally

with great accuracy. It may be said that too much work is often

expended uj)on finishing.

" Some of the larger works are engaged chiefly in the production of

paving blocks. German cities are the principal purchasers, and as

their requirements as to quality of the blocks are severe and inflexible

and as competition is keen, the paving-block industry has advanced to

a high degree of excellence in its products.

"The price of labor in the granite industry is generally a little

higher than for other kinds of work in Sweden, but as compared with

wages in America, those of Sweden are very low. A skilled stone-

cutter earns about $220 ])er year.

" The great markets for the granite industry are in Germany, Den-
mark, and England. In the northern part of Germany most of the

large cities have many large structures of Swedish granite. As
examj)les of these may be mentioned bridges and docks, etc., in Ham-
burg, Kiel, Wilhelmshafen, and a large number of houses and monu-
ments in Berlin. The high duty which is placed in Germany upon
sawed or polished granite work has been very unfavorable to the

Swedish stone industry, and in consequence of this large quantities of

raw stock are at present exported to Germany. Official statistics fur-

nish the following figures on exports of Swedish stone, the greater

part of which is granite:



582 MINERAL BESOURCES.

Exports of stone from Sweden.

Period.
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At Mount Sorrel a very fiiic-^rained red, lioniblendic g^ranite is quar-

ried, wliicli is used very extensively, principally for paving- stone and

macadamizing. At tbe close of 1889 the quantity of stone produced

was about 120,000 tons annually. More than half of this was for

macadam.
Cornwall.—The largest granite areas of England, and those of

greatest importance from a technical point of view, are situated in

Cornwall and Devonshire, in the southwest corner of the country, where

the rock forms five large and several small ranges of heights, surrounded

by clay slates and other species of rock. The granite there is of a

peculiar quality, and, although somewhat varying in different locali-

ties, it is nevertheless always clearly distinct from the other granites

of Great Britain and from at least the mnjority of continental gran-

ites. This is true, no-, only as regards petrographic condition, but

also in a technical sense. A quality common to most of its varieties

is a light gray, at times almost white color, due to its principal con-

stituents, white feldspar and gray quartz, {a) Besides these it gen-

erally contains both white and black mica, and, not rarely, tourmaline.

The structure is generally medium grained, in certain tracts porphy-

ritic, owing to the occurrence-of well-developed feldspar crystals, up to

2J to 4 inches long, whicli become especially distinct after polishing.

That which, above all, determines the value of the rock is its regular

cleavage and its well-developed fissility in three directions perpen-

dicular to each other. In most quarries there are found horizontal

joints or bottom joints, whicli often follow tlie e'xternal forms of tlie

land, and approach more or less to the horizontal plane ; and two sys-

tems gf vertical joints, forming very nearly right angles with each

other. Blocks of all desirable dimensions may, as a rule, be prepared

with exceeding ease. As an example, we may take the following: At
Colcorrow, Tregarden, and Cottage the interval between the bottom

joints varies, as a general thing, between 4 and 10 feet; at Colcorrow,

which is one of Mr. John Freeman's best quarries, a block 23 by 20 by

16 feet was taken out; another was 61 feet long and 4J by 4J feet at

one end and 3 by 3 feet at the other; a rock mass lying in place and

free from joints was 42 by 31 by 57 feet in dimensions, and one at Cottage

17 by 12 by 17 feet. At Polkanuggo, near Penryn, at one time there

was taken out a block 9 by 9 by 90 feet, and, as a newspaper notice

cast doubts on the correctness of the statement, the owner offered to

furnish blocks 115 feet long.

In the five areas mentioned, granite is obtained, according to report,

in several hundred quarries, of which the author visited 13. The firm

of John Freeman & Sons, in Penryn, which, in all respects, is the most

prominent, is stated to work nearly GO quarries *with about 1,000 men.

The method of quarrying differs essentially from that used in Scot-

(a) A Swedish granite, resembling tlie one in question, occurs on Guso, in Bohuslan,



584 MINERAL RESOURCES.

land, and ratlier resembles tliat used in Sweden, All the quarries are

comparatively small, and, as a rule, employ no more tlian 20 or 30

workmen. Advantage is taken of natural slope, and where this is

lacking' the work has not been pushed deeper than 18 to 27 feet, except

in a few places. A consequence, or rather, i)erhaps, a cause of this is

the fact that steam cranes as a general thing are not used, which,

however, at least as regards the largest firm, is due to altogether

peculiar conditions, which need not be touched on here.

Rock quarrying is generally so conducted that colossal blocks are

first loosened by blasting and afterwards subdivided. The mode of pro-

cedure win be best illustrated by a few examples.

In a quarry at Sheffield, near Penryn, the block was gotten out in the

following manner : After being loosened from the inclosing rock on the

surface and on two vertical sides, a hole 4| inches in diameter was

drilled to a dei)th of 4 feet, where a sloping crack was encountered. In

that h©le a single cliarge of 8 pounds of powder was exploded, with the

effect of liberating and moving the block without causing any notable

aew cracks. The movement carried it, respectively, 4J inches and 3

inches from the side walls. Thereupon it was wedged apart in place

by vertiiial and horizontal wedge nails.

At Tregarden, where the vertical systems of cracks do not always

coincidiC with the directions of cleavage, a block about 11^ feet high was
blasted out by means of a charge of powder of nearly 30 pounds, in a

hole about llj feet deep and 4J inches in diameter. No other large

blast cracks could be discovered besides those by which the block was
liberated. When there are no horizontal cracks, horizontal holes are

drilled. At Oheesewring, north of Liskeard, however, the cleavqtge in

this direction is slight, so that horizontal charges do not accomplish

the object aimed at, without splintering the rock. Accordingly the hole

is generally vertical, but is made deeper than the intended block by an

amount equal to the height of the charge, and in this way a crack is

generally formed, departing more or less from the horizontal plane, on

a level with the top of the charge.

The following examples of rocks blasted out will further elucidate the

method, as well as the quality of the rock:

Roclc Masting for quarry purposes in Cornwall, Englavd.

Quarries.
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The drill hole at present is made with drills 2 to 4 inches broad—some-

times still broader. It is stated that three men can drill a hole 33

incites deep with a 4-inch drill. As, however, it is diClicult to prodnce

round holes with so large a diameter, it is preferred at times to make
them triangular, placing them so that one side of the triangle in a cross

section at the charge becomes parallel with the cleavage in the rock.

In one of Mr. Freeman's quarries a nmchine drill was employed, con-

structed in the firm's own workshop ; it was fed from the boiler of a steam

crane.

That a mode of quarrying like the one here described involves various

advantages, under the supposition that the durability of the granite is

not thereby impaired, is evident. It renders possible a much more
rapid extraction of large quantities of stone than by the ordinary wedg-

ing method, but it also presupposes certain qualities in the latter which

are probably not possessed by other granites. It is certain, however,

that the drilling of such wide and deep holes is very expensive, and in

many cases, therefore, it is probable that the method employed in the

granite quarries of Stockholm, of using small holes and charging these

with powder and very little dynamite, is preferable.

In Mr. Freeman's quarry, as well as in those mentioned in Scotland,

the rock is taken out at the owner's exjjense by day laborers, and the

stonecutter, whose work is always by the job, receives the Avedged-out

blocks. In this way it is easier to keep the quarry in good condition

than if it were all job work. The larger quarries in Cornwall, in fact,

are very well managed, all refuse rock being carried off, and no useless

rock left behind in case it should be apt to present a hindrance. At
the same time, owing to the position of the quarry, there is lacking

the advantage of being able to dispose of smaller blocks, and as paving

stone is not produced to any large extent the piles of rubbish have
quite a different appearance from what they have in Scotland. As a

general thing none but hand cranes are used, which are fastened with

chain guys so stretched that the arm can be swung around. All quar-

ries are situated at a greater or less distance from the ports, with which
some are in direct connection by means of railways, while from the

larger number the rock has first to be hauled from 1 to 6 miles by
means of horses. Notwithstanding this, the granite from Cornwall is

considerably cheaper than that from Scotland.

No long wedges are ever used in Cornwall, and deep guiding holes

only when thin plates are to be wedged out. The ordinary small wedge
holes are oftenest made with a peculiar drill called a jumper. It con-

sists of a bar of steel or steeled iron, sharpened at both ends in the

same manner as an ordinary rock drill, 4 to 5 feet long and provided

in the middle with a ball-shaped thickening serving in part to increase

the weight, which sometimes amounts to 20 pounds, and in part to

permit the tool to be held firm. With this tool the workman pounds
out the hole, standing on or (if the hole is sloping or horizontal) by the
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stone and grasi^ingthe drill witli one hand above, witli the other below

the ball. For a hole 2^ inches deep there were required at Carnsew

112 blows when the drilling was done against the cleavage. The two

points of the tool are somewhat different from each other in breadth.

Ordinarily four men work together in such manner that the first begins

each hole and the others continue in their turn, so that it is finished

by the last. The hole is usually 1 inch wide at the mouth and one-half

inch at the bottom.

In the quarry at Sheifield it was stated that one man is able with

the jumper to drill 20 holes, each 2J inches deep, in one hour, and
that four men in most cases drill 400 vertical of 200 to 210 horizontal

holes, 2^ to 3 inches deep, in ten hours. At another jilace 80 holes

were stated as the average for each workman per day (ten hours).

In any case it seems hardly probable that this tool affords a larger

product of work than the small Scotch wedge drill. Whether it admits

of comparison with the pointed chisels used in Sweden for cutting out

small broad-wedge holes, I will not venture to say.

In Cornwall the wedges are 4 to 5 inches long, at the upper end

nearly 1^ inches thick, and have a four-sided, slowly tapering i)oint.

The plates resemble the Scotch, but are coarser. A deep groove is

generally cut before wedging.

Examples of iorings with jumpers and wedging.

Dimensions of
blocks.
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medium-grained, used for paving stones and curbing, and partly red,

finer grained witli dark quartz at Hill O'Fair. This latter granite is

principally used for polished monuments in Aberdeen. In Kircud-

brightshire, southeastern Scotland, granite occurs in very large quan-

tities. The principal quarries are situated at Dalbeattie. The rock is

a light grayish-red, medium-grained, and beautiful. It is used for

building stone and monumental purposes. A large export trade has

been carried on, not only to English cities, but even to Russia and
South America. At Argyleshire, in the west of Scotland, granite is

quarried at a number of i)laces, but is generally sent elsewhere to be

dressed. The largest quarries are at Loch Awe, where several kinds of

dark and light colored granite have been quarried for bridge building

and monumental work. In the latter case the blocks are sent to Aber-

deen. The granite from the southwestern part of the isle of Mull is

coarse-grained and of a red color. It was formerly used very extens-

sively for polished columns, etc., in London.

On the islands of Guernsey and Jersey, Herm and Sark, in the Eng-
lish Channel, are numerous quarries of red and gray fine grained horn-

blendic granite, which is almost entirely used for paving stone, curb-

ing, and macadam. The quantity of granite sent from Guernsey is

stated to be at least 220,000 tons annually.

Ireland is said to have large deposits of good and beautiful granite,

but the granite industry of that country seems not to have been devel-

oped to any great extent. The most important granite districts are

situated in the vicinity of Newry on the east coast in Wicklow, Oarlow,

and Wexford, south of Dublin, in Galway on the west coast, and at

Donegal on the northwest coast.

Scotch quarrying.—The quarries at Kemnay, northwest of Aberdeen,

occupy the first place in point of size, methods of work and mechan-

ical appliances, among all those in Great Britain, and beyond doubt

have few rivals in Europe. Like the neighboring quarries at Corren-

nie, Toms Forest, and Cove, they are worked by John Fyfe, of Aber-

deen. The first named are situated at the railway station of Kemnay,
16 to 1 1) miles from Aberdeen, whither all the stone is sent that is

intended for polishing, or to be sent elsewhere by vessel. The rock is

a light gray or almost white, fine grained granite, at times somewhat
veined with white mica. It bears no little resemblance to certain of

the light colored granites occurring pretty generally in Angermanland,
Sweden.

The cleavage of the rock is on the whole irregular, but vertical, and
highly inclined cracks predominate. The quarrying is carried on in

three open quarries, situated high up on the slope of a hill, the largest

of which is stated to be about 300 feet deep. On the floor of the

quarry there is a steam crane movable on rails ; on the gallery, two
fixed steam cranes. The hoisting of the broken and wedged-apart

rock and of the chijps is effected partly by two iron wire trolleys, partly
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by a colossal fixed steam crane. In the two smaller quarries the

work is done by G steam cranes and one iron wire trolley; tlius there

are altogether 10 steam cranes and three wire trolleys. The latter con-

sist of strong stands of iron wire, either single or double, and on these

run small trucks Avhich carry up the hoppers of strong plates, in whick

the stones are loaded. By means of a special line the wagon may be

stopped at any point of the track and the basket dropped to the bot-

tom of tlie quarry to be filled; after this has been"done by means of a

steam crane or by band, the line is hauled in till the basket reaches

tlie truck, whereupon the latter is drawn up. It is impracticable, for

several reasons, to give here a more detailed account of this ingenious

arrangement. The stone hoisted up in one or the other way is loaded

directly on railway cars and conveyed along the slope to a side track

coming from the railway, or, if it is to be farther worked up, to the

workshops situated farther up, which is done by means of a steam

winch with ropes of iron wire.

About 500 workmen are here employed. It is a remarkable circum-

stance that not a single horse is employed in this or the other quarries

belonging to the firm, but all work not done by hand is performed by

steam power, which is here employed to such an extent and in so prac-

tical a manner as to be equal to anything that can at present be imag-

ined.

Of the enormous quantities of stone quarried and moved from the

deep quarry to the workshops and thence to the railway, in an incredi-

bly short time, as compared to what is done in Sweden, the larger part

is used for building bridges, harbors, and docks, and similar large

works; a considerable amount is sent to Aberdeen to be used as build-

ing stone and for monumental purposes. The chips produced in quar-

rying, and small pieces, are worked up into paving stones. To illus-

trate the magnitude of the operations, it may suffice to mention that in

August of last year there were sent from Kemnay, according to state-

ment, 4,000 tons of granite. The owner of this quarry furnished all

the granite used for the Forth bridge, near Edinburgh, amounting to

56,000 cubic feet. Another one of the larger orders of the firm is said

to have had a value of £80,000.

Mr. John Fyfe began forty years ago to work up the granite at Kem-

nay, which at that time was almost an uninhabited place, but is now a

well-built town of considerable size. Ten years later the steam crane

was introduced, and with this the Scotch granite industry may be said

to have entered on an entirely new stage.

The hewing is done at Kemnay mostly by hand, although there is

also found there a machine constructed by Brunton & Trier for work-

ing on plane surfaces, of which more will be said farther on.

The granite quarry of Corrennie lies near the top of a high moun-

tain ridge, south of the railway station of Tillyfourie, about 20 miles

northwest of Aberdeen. The granite is medium-grained, consists of
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pnle red feldspar and ^ray quartz and very little mica. In general

it lias a massive and homogeneous structure and is easily worked.

Among Swedish granites the one that most re-^embles it is perhaps

the red medium grained granite (No. 1) at Graversfors, in which, how-

ever, the feldspar is of a darker red and the quartz blue, but of less

brilliant color.

The jointed structure, which is somewhat irregular and in some

places strongly developed, impedes the quarrying at Corrennie. In a

certain part of the quarry the systems of cracks are few^ and rather reg-

ular but always much inclined. There are no horizontal cracks. In

exceptional cases blocks 13 to 19 feet long have been furnished from

this quarry. The natural dip, or the slope of the rock compared to the

horizontal plane, is rather slight, and it has been oidy partly used in

quarrying, by j)enetrating in straight against the dip for some distance

and then turning toward both sides, by which method deep pits were

formed out of which the stone is lifted with three steam cranes of re-

spectively 7, 10 and 15 tons' carrying power, to be next loaded on

trucks and distributed below the slope. This is done in pretty much
the same way as in tlie quarry at Tillyfourie described farther on. The

larger part of the stone is sent away in the form of hewn blocks, to be

worked up at Aberdeen and elsewhere, especially for monuments and

as building stone. The smaller blocks and the chips are made into

paving stones. The output was stated to be about 100 tons a month.

Among the quarries of Tillyfourie, belonging to Messrs. Mowlem &
Co., of London, only one is at present worked, which lies high up on

the slope of the mountain ridge north of the station. The rock is a

medium-grained, gray, micaceous and veined granite, with small, scanty,

pale red crystals of feldspar, but slightly marked. It is comparatively

loose, cleaves easily in the direction of the cleavage, less easily across

the cleavage, is not suitable for monumental purposes, and is employed

exclusively for coarser building stone, curbstone, paving stone, etc.

The patches of gneiss appearing here and there do not for the present

cause any notable inconvenience. The jointed structure is quite irreg-

ular and the cracks are sometimes numerous, pretty much as in the

Stockholm granite. The largest block ever taken out weighed 30 tons.

As a rule it is not possible to produce blocks weighing more than 10

tons.

The rock resembles somewhat the coarse granite on Sterno in Blek-

inge which, however, is coarser and contains less mica.

The quarrying is done in a quarry about 115 feet broad and more
than twice as long and at most 30 feet deep, which is being rapidly

widened both downward and toward the sides. Here, too, it might

have been possible, though not without difficulty, to obtain a natural

down grade, but it has been thought preferable to push the quarrying

downward. The taking out and loading is done by three steam cranes,

each of about 10 tons carrying power, which, like the drilling machines,
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are fed from t\ro fixed steam boilers. The cutting is done for the most

part in open sheds, situated at the lading places near the railway.

Thither the blocks are conveyed along the steep slope on a railway

which has a double track above, and is so arranged that the descend-

ing loaded trucks draw up the empty ones. The wagons are drawn by
means of a steel wire line running through two horizontal covered

sheaves, where there is a brake. The line is kept in the track by means

of steering sheaves and vertical rollers. The slope of the railway track

is from 8° to 13o.

The granite, which is, perhaps, most prized among all Scotch gran-

ites for monumental purposes, is quarried 3 to 5 miles south of Peter-

head, in two quarries at Stirlinghill and in seven at Longhaven. The
rock is red and coarse to medium-grained; its main ingredients are

bright red feldspar and dark gray quartz, the latter mineral forming

large granular aggregates. At the same time it contains yellowish

white feldspar with a very subordinate amount of small grains of dark

green hornblende. The combination of minerals with so different and

striking colors gives to the rock a characteristic "lifelike" appearance,

which in Scotland is regarded as one of the most important qualities in

material intended for monuments and similar purposes. The principal

color of the rock, however, is red, although it varies somewhat; the

darkest rock is most highly esteemed, and is the only kind used for

work intended to be polished, while the lighter-colored kind, often

occurring in the same quarry with the former, is used as building stone

and is sold cheaper. The difference in color between the " polish qual-

ity" and " dress quality" is often very slight. In general tbe rock is

usually homogeneous, in as much as the minerals above mentioned are

everywhere uniformly blended, a peculiarity on which great (perhaps

too great) value is placed. Large or small patches of hornblende, etc.,

occur at times, but, as a general thing, offer no great inconvenience.

The Peterhead granite is more regular in its cleavage than that

described above. The dominant system of cracks, however, is vertical,

and true horizontal cracks occur but exceptionally.

The older quarries at Stirlinghill, together with those that are now
worked there, testify to an incredibly large output. Like those at

Kemnay, these are worked in deep quarries.

The rock is hoisted up with two steam cranes, chips and refuse are

conveyed by rail to the neighboring seashore, and the blocks are hauled

by road to Peterhead. A railway to that point, however, is in process

of construction.

The quarry is owned by Messrs. Alex. Macdonald & Co., Limited, the

oldest and largest firm for the production of monuments in Aberdeen,

which at the present time, for its own account and for sale, ships from

here every month from 100 to 150 tons of granite, suitable for monu-

mental purposes, and still larger quantities of "dress quality" for

building purposes.
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Some of the quarries at Longliaven are very largo, one being about

90 feet deep, aud tliese, too, as a general thing, form vertical shafts,

out of which the stone is hoisted by means of steam cranes. In all

the quarries thus far named in the Peterhead tract, altogether 14 such

steam cranes are at work, out of 10 to 15 tons' carrying power. A
workman estimated the amount of stone here quarried at 140 tons per

month for each one of the 9 quarries, a figure which, however, can

not claim any great accuracy.

One of the oldest large granite quarries in Great Britain is that of

Eubislaw, near Aberdeen. Already one hundred years ago this work
is said to have developed considerable activity. The rock is gray, of

uniform fine grain, and bears no little resemblance to the Stockholm

granite, but is somewhat darker, and not rarely verges upon red. It

is regarded, and with undoubted justice, as an unusually strong and

good granite, and has obtained an exceedingly extensive employment,

both as building material and paving stone, in Aberdeen and else-

where, and for monuments, etc. The cleavage as a general thing is

irregular and of about the same nature as in the Stockholm granite.

Vertical or highly inclined systems of cracks often occur.

The quarry occupies an area of 6 to 7^ acres. At the east and west

end of the large opening granite posts 30 to 60 feet high are worked

out in shafts driven down at least 140 feet below the surface. In one of

these shafts one steam crane works on the bottom and three on the

upper rim, one of them lifting the stone to a height of 130 feet.

From the description of the quarry thus given it is seen that the

quarrying is here done in a way different from that practiced in Sweden.

There the quarrymen endeavor, wherever there is a possibility, to

utilize the na^tural slope, whereby, however, tfi^quarry becomes widely

extended whenever the work is conducted on a large scale. The Scotch

prefer to concentrate the work on a single point; ordinarily some slope

is found, and then the work is pushed straight against the slope and

afterwards toward the sides, so that the quarry assumes a kettle-

shaped appearance. As soon as it becomes too extensive a shaft is

sunk from the bottom to a depth of 60 to 100 feet or more, and this

is widened until it is as wide as is deemed suitable. Then a new shaft

is sunk from the bottom, and from this the work is again pushed out

towards the sides. Such a system would be impossible without steam

cranes or other apparatus similar to them in point of working capacity.

That which in mining terminology is called the getting out, the getting

up, and the getting off, or, in other words, the moving of the quarried

stone in the quarry, its hoisting out of the quarry, and the transporta-

tion of it to the workshop and the lading places, in cases where the

space is so confined and the quantity so great as here, could not be

done by hand power, which, moreover, would be too costly. Accord-

ingly, as stated before, the steam crane is here employed to an unheard-

of extent. One or more of such cranes, fixed or movable, are placed on
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the bottom of the quarry or on its edge, so as to control the whole

quarry with their arms. This secures the quick, safe, and cheap per-

formance of most of the work which elsewhere, with great waste of

time and. j)ower, is performed by croAvbar and hand power, or at least

by slow-working hand cranes; that is to say, the turning and moving
of the block in and out of the quarry, etc.

Another necessary requisite for the systematic conduct of the work
of quarrying by the method in question is that rubbish shall be

promptlj^ removed from the quarrj^, and that useless portions of rock

shall not be left behind there, in case they should become a hindrance

to the work, either at once or afterward. What is called " quarry-

robbing" must not occur. In order to avoid it the steam crane is

indispensable.

For steam cranes of 1 to 20 tons the price at Aberdeen varies between
£100 and £750.

The Swedish granites as a general thing have a more favol?able cleav-

age than the Scotch, and for that reason the method of quarrying de-

scribed above Avill not perhaps be found advantageous in all cases.

The list of prices at the end of the paper shows that even now the cost

of quarrying is lower in Sweden, but it would most certainly be still

further reduced by a more systematic method, which moreover would
always hasten the raite of output.

Even the loosening of the stone is done in Scotland in amanner more
or less different from that in use in the most of the Swedish granite

quarries. In the latter the rock is for the most part divided into slabs,

and the quarrying is easily done by wedging and by a very small

amount of blasting. If it is proposed in this way to take out a block

of certain dimensions, the attempt as a rule is successful* But we also

have granites with irregular cleavage in which the same method as in

Scotland might be employed, and it is proper therefore to describe

them by means of some examples. The method consists in this, that

large masses of the rock are loosened at once by blasting, whereupon
they are first divided along the natural cracks, and then, by wedging
and " setting," into regular blocks, a method of work which is in great

degree facilitated by the fact that the demand for granite is great, so

that the producer may count on finding a market for blocks of all pos-

sible dimensions. The blasting itself is done in rather a remarkable

way.

Along the crack in a portion of rock bounded by a perpendicular

crack situated, say, 10 or 15 feet from the free side, a number of holes

are drilled, say 3, about 20 feet deep. These are first charged with a

very small quantity of powder, and fired simultaneously by means of

fuses of equal length, or still better by wires from an electric battery.

The charge is so small that the explosion can not do more than simply

widen the hole and open the cracks near it. Next, the same hole is

filled with a somewhat larger charge, and this is repeated three, four,



STONE. 503

or j9.ve times, until tlie connection between tbe desired block and the

adjoining rock is so completely severed, and tbe drill hole so large, that

the block can be thrown down on the bottom of the quarry by a single

powerful charge in each drill hole.

At Stirlinghill a block 8 to 10 feet broad, 15 to 18 feet long, and 20

feet high, free on one side, which was perpendicular, and on the other

sides bounded by more or less distinct cracks, bad been blasted out by
means of a single hole 3 inches in diameter and 24 feet deep. Accord-

ing to foreman's statement t-bere were used in that hole for the first

charge about 5 pounds of powder, for tbe second 10, for tbe third 12,

for tbe fourth and last 100 pounds. Tbe position of tbe drill bole and
tbe size of the charge are of course determined by tbe condition of tbe

rock masses and tbe natural cleavage, of which as much advantage is

taken as possible. The result therefore depends in high degree on tbe

workmen's judgment and their knowledge of tbe rock. Tbe advantage

of this mode of blasting, as may readily be imagined, lies in this, that

large quantities may be gotten out with few drill boles, without at tbe

same time giving rise to new cracks, which would be tbe case if tbe

whole mass was blasted out with a single charge, (a)

The division of tbe blocks is everywhere effected by wedging in round

boles witb very small wedges and steel plate. These have now begun
to be used in Sweden, but as they are entirely unknown in many, if not

in most of tbe quarries, it may be well to describe tbeni here.

1. The wedge usually employed is four-sided, three-fourths inch

long, one-half inch eacb way at the upper end, two-fifths by one-sixtb

inch at tbe point; tbe plate is semicircular in section, as broad as tbe

wedge below, and gradually narrowing upward. When wedge and
plate are set up as shown in tbe drawing, tbe wedge in being driven

down works along a large part of tbe length of tbe drill bole.

When bigb blocks are wedged, it is customary to drill either all tbe

boles, or every other, or every third, or still fewer, very deep, and into

these are introduced jointed wedges, ex)nsisting of gradually narrowing

bars, hammered fiat, and semicircular plates, wbicb may be 8 feet or

more in length. Broad wedges are bardly ever used.

Judging by tbe number and depth of tbe wedge lioles, tbe granites in

most of the quarries above named are not easy to wedge. It may be

interesting to compare tbe Scotch witb tbe Swedish granites as regards

a Another method, first proposed by Mr. George Elliott, of Newcastle, for avoiding

too manj'^ blasting cracks, is based on the eiuploymeut of unslaked lime as blasting

material (Journal of Iron and Steel Institute, 1882, N. 1). This is accomplished by
forcing finely pulverized burnt lime under high pressure into cylindric cartridges

2^ inches in diameter, inclosed in air-tight and water-tight shells. The cartridges

having been placed in the drill holes, and these having been packed, water is

pumped into the cartridges by means of iron tubes fixed in them and provided with
fine holes. The lime is slaked, and by its slow but powerful expansion the rock is

parted. The method has been employed with advantage in coal mines, but to what
extent it has been found practicable in granite quarries the writer does not know,

MiN 93 38 -



594 MINERAL RESOURCES.

toughness, and for that purpose \7ill here introduce some observations

from various quarries

:

Quarry.
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Cost of English steam drills.

595

For boles of a iiiaxiiiiuTn flianiotor of-

IJ inches
2 inches

2J inches
3 inches
33 iiichoa

Depth.

Feet.
9 to 11
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FRANCE.

In France, at least in Paris, comparatively small quantities of granite

are used, on account ofthe comparative ease and cheapness with which

limestone is worked. Large granite quarries are, however, worked
principally in IsTormandie, Bretagne, and Yoges. The granite from

Normandie, which seems to be the one used most, is quarried at Montjou,

in the neighborhood of Vire. This is gray, fine grained, of about the

same structure and color as the granite of Vermont.

In Bretagne and Voges medium and coarse-grained granite of a gray

and reddish gray is quarried.

BELGIUM.

The famous paving-stone quarries at Quenast are, with regard to

size, production, and methods of working, probably better developed

than any other paving-stone quarries in Europe, and these quarries

show in a very striking way how important a systematic arrangement

of work is, and how an industry which in itself seems to be of so little

importance can, by a proper system, become so great as these quarries

are. A good detailed description of them is given by Prof. E. Dietrich,

of Bremen, in a volume entitled "Die Baumaterialien der Steiustrassen."

Quenast.—The Quenast quarries are situated at the station of the

same name, 14 miles south-southwest from Brussels, 2^ miles from the

station Tubize on the line Brussels-Mons-Paris. A track 3 miles long

makes connection with the canal from Charleroi to Brussels and other

places.
'

It is thought that the quarry was worked as far back as the sixteenth

century, but it was only since the beginning of the present century that

paving stones were quarried to any considerable extent. In 1846 steam

power began to be employed, the numerous earlier quarries were grad-

ually united under one ownership, communication was improved, and

since the present wealthy company, the Societe anonyme des Carrieres

de Porphyre de Quenast, took the business in hand, in 1864, and bought

up the larger part of the tract in which the rock can be gotten out, the

quarrying was organized on the present exemplary plan. The company

is said to own 438 acres of land, of which the quarries in operation and

begun and the workshops occupy about 175 acres.

The rock here obtained is dense, sometimes quartz-bearing syenite

or diorite (usually, however, called i)orphyry), somew^hat variable in

color, mostly greenish gray. The structure may most aptly be com-

pared with that of some of the Swedish diabases. Like these, the

rock has no definite directions of cleavage, but yet, in small pieces,

cleaves pretty straight; otherwise the fracture is spherical. The hard-

ness is far greater than that of granite, and would seem to be most

nearly equal to that of the dense diabase; and at the same time the

rock possesses great toughness, so that the edges wear off but slowly.
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Worn surfaces become smooth. It is mostly used for paving stones

and macadam, etc., of which further mention will be made.

In the largest quarry visited, which is about 1,800 to 2,400 feet long

by al)out 600 feet broad and nearly 240 feet deep, the cpuirrying goes

on simultaneously on 6 or 7 stair-like benches or galleries about 21 feet

high, ami of course greatly varying in breadth. The (juarried stone,

which is worked up iu part inside and in part outside the quarry, is

put on small wagons and by means of hoisting apparatus is carried up

an inclined plane to one of the galleries, where the wagons are put on

rails and drawn by endless chains up and out through the little tunnel

which connects the quarry with the workshops and the lading places.

No cranes are used. The rock is always loosened by means of blast-

ing. The drilling at the time of my visit was done merely by hand,

inasmuch as it was necessary to limit the production; otherwise ma-

chine drills' are used. The drilling was done at first by three persons

working by the day; now it is done by two, working by the job. One
drilling set consists of 8 drills, whose dimensions are given in the fol-

lowing table:

Dimensions of Belgian stone drills.

Number.

]

2
3

4

5

" Length.
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The bit of the drills used is cross shaped, and so arranged that the

hole can be cleaned out without removing the drill. For vertical holes

a set of 20 drilling rods is nsed, the least of them, which is used first,

being 2J feet long with 4J inches in diameter on the bit; the largest, 20

feet long with a bit of 2^ inches. A drilling set for horizontal, or nearly

horizontal holes, which for the most part are not so deep, consists of 10'

drills, the smallest and largest of which are respectively 2 and 9 feet in

length and 2J and 1^ inches in diameter of bit. The drilling rods are

always of steel.

The power nsed for the drilling machines is generally compressed

air, which can be conducted without difficulty over greater distances,

and presents several other material advantages over the direct employ-

ment of steam power.

With one of the drilling machines above named, of which there were

about twenty in use in 1885, 20 to 25 feet can be drilled in ten hours, all

loss of time in moving the machine, changing the drilling rods, etc.,

being included.

A necessary condition for maintaining the system of quarrying and
transportation above described is that the surfaces of the galleries

shall always be kept at the same height, and as the quarrying is now
done by the job, a constant and careful supervision of the work must

be exercised in order that this condition may be fulfilled. Otherwise

the galleries would quickly cease to be horizontal, for the loosening of

the stone which lies nearest the foot of every bench requires the great-

est amount of work. However, this object is obtained by moving the

tracks on each gallery inward from the edge of the gallery before the

continuation of the work strictly requires it, the removal of any

remaining portions of the rock being done at the expense of the work-

men. As the rock is mainly used as paving stone, no i)ains are taken

to get large blocks, the aim being to get out a large number of stones

of indefinite dimensions as quickly and cheaply as possible.

In working up, the largest pieces, after being blasted out, are again

divided by blasting; wedging is not practiced. The cleaving or divi-

sion into paving stones is somewhat different from that used in the

case of granite. By means of a hammer provided with a sharp edge,

weighing 20 to 33 pounds, a fine groove is hewn on one side of the

generally irregular stone, and then a few blows on the smaller end of

the block generally suffice to split it along the groove with a pretty

even surface. Hammers of less weight, 13 to 20 i)ounds, are also used.

When regular blocks have been obtained, they are worked up in the

usual way with the dressing hammer (weight, 7 pounds). The work-

man who does the grooving keeps his right foot stuck in a colossal flat

wooden shoe, the bottom of which is at least 0.1 meter square in size,

and against this the block is braced while working. • While dressing

the blocks the workman is generally seated. The cheaper paving

stone, only roughly dressed, is finished in the quarry, while the finely-
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dressed kinds are finislied at the lading- places. The dressing is

always done by tlie job. The workmen, united into gangs of 3 to 12,

generally 4 men, do the blasting and other work at their own expense,

and deliver the stone finished for a certain price at the storage in the

quarry. The machine drilling is done by the company at the expense

of the workmen and upon their demand.
In Quenast, contrary to what is done in most other quarries, as a

general thing only paving stone of certain dimensions is produced,

which is kept iu store and sold at a fixed price. If special dimensions

are ordered a higher price is asked. Of course this arrangement,

which is remarkably favorable to the comi)any, is rendered possible

by the superior qualities which the rock in question is thought to

possess. The various kinds kept in store may be divided into four

classes, distinguished by the ratio between the thickness of the stone

at the "cup" and at the "root" (upper and lower side):

(1) Ordinary paving stones, diminishing downward by 1.1 inch on
each side.

(2) Ordinary rough-dressed paving stones, diminishing downward
by nine-tenths inch on each side.

(3) Half-fine dressed paving stones, diminishing downward by seven-

tenths inch on each side.

(4) Fine-dressed paving stones, diminishing downward by one-half

inch on each side.

Within each one of these classes there are found partly cubic and
partly prismatic stones of various dimensions, so that by form and size

the various kinds may be divided into 8 classes. All in all, 27 different

kinds are worked.

By way of example a table is given of the average selling prices on
the railway car at Quenast (according to Dietrich, 1885).

Average prices of Belgian Mocks on cars at the quarry in Belgium.
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The most interesting feature of this quarry is the system of trans-

portation, which could hardly be more complete anywhere else.

Transportation between the various galleries of the quarries, the

freiglit platforms, the crushers, and the dumps is effected by a system of

double tracks, which all converge at a single point. At this point cars

maybe run upon a trackless cast iron turntable and switched from one

to any other track. The cars are drawn by endless overhead cliains

which are seized by a grip attachment on the car. This grip consists

of a forked-shape incision in a strong iron arch stretched across the

car. The chains are kept in motion by a number of i^erpendicular

axles rotated by steam power. Empty cars are raised by the descent

of loaded cars where possible, and in other cases by transmission of

power through the medium of comj)ressed air. If, for any reason, the

chain should let slip a car on any of tlie inclined tracks, it is caught by

a simple automatic device and thus prevented from doing harm.

The greatest grade in the case of tracks for chain transportation is

35 per cent. In the following table, after Dietricli, data are given con-

cerning the material of transportation

:

Pounds.

Weight of rails per running yard 22

Weight of wagon, empty 858

Weight of wagon, loaded 2, 178

Weight of chain per running yard for main tracks, thickness of link 1 inch.. 30

Weight of chain per running yard for side tracks, thickness of link nine-

tenths inch 21

Feet.

Speed of chain per second on main tracks 3

Speed oi' chain per second on side tracks 2

Interval between wagons 30-60

In 1885 there existed in this quarry 5,500 yards of track for chain

transportation and 15,000 yards of other track,, and 10,000 yards of

railway track of normal gauge between the platforms and thence to

the station. For the chain transportation 700 wagons are used, each

holding one-half cubic yard, on the i3latforms 60 dumping wagons, and

m and around the quarry 200 other track wagons. Of all the stone

quarried at Quenast, about 50 per cent, is sent off in the form of paving

stone of various kinds. The remainder is worked up by means of a

stone crusher in a very practically arranged factory into macadam and

finer gravel, for which the rock, owing to its toughness, is very suitable.

The trucks, laden with cast-off material from the quarry, are carried

forward by means of chains to the factory, are placed on dunjping

ai'paratus, and emptied into large funnels discharging into the stone

crushers, After the stone has passed through these it drops into a

somewhat inclined rotating cylinder provided with holes, and is there

sorted into gravel of the following grades: (1) Macadam, four-fifths to

to 2^ inches in size; (2) ballast gravel for railways, one-fifth to four-

fifths of an inch; (3) sand for gardens and promenades, one-fifth of an

inch. From the sorting drum the gravel falls through large funnels
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directly down into t"he railway tracks. The sand, however, is once more

subjected to sorting in Hat sieves. The stone crusher itself, constructed

after the Bhike system, is stated by Dietrich to have jaws 2 feet high.

The ui)per ox)ening or mouth is 1^- feet long and 1 foot broad; the lower

can be made narrow or wide at pleasure. The movable jaw strikes 300

blows a minute. Tliere are G crushers of this kind in the factory, only

2 of which are held in reserve. Each iiair of stone crushers, with a

sorting drum belonging to it, is driven by a steam engine of 100-horse

power. It was stated that each crusher could work up in one hour 31

tons of stone, which agrees pretty closely with Dietrich's statement of

10 cubic yards. The sorting drums, which make 15 revolution s a minute,

are 36 to 40 feet in length and 3J feet in diameter. The upper part,

which drops the sand, has round holes j the middle part, for the ballast

gravel, has rectangular holes; the lowest, for ma.cadam, round holes.

By making the last-named part somewhat longer than the others, and

by giving to the drum a suitable inclination, it has been possible to

make the ratio between the more valuable macadam and the less valua-

ble tine-grained product equal to 3:2. The cost of production in the

stone-crushing factory of 1 cubic yard of macadam, ballast gravel, and

sand together was stated by Dietrich to be 41 cents, of which wages were

14 cents; coal and oil, C cents; rent, etc., 21 cents. The selling price,

which of course varies, was in 1885 stated to be

—

Per 10 tons.

Macadam $5. 83

Fine sand 5.83

Ballast gravel --- 2. 90 to $3. 90

At the time of Mr. Luudbohm's visit in 1888 the number of workmen
was about 2,000. Dietrich mentions 2,200, divided as follows

:

In the quarry

:

Drilling, blasting and dressing 1, 075

Sorting, accounting, and lading 440

Working up the stone on tlie platforms 350

Chain transportation, turning trucks 40

Transportation on platforms and lading 90

In crushing factory and for trausioortation thither 100

In repairing shop 50

For removal of earthy etc., in the quarry 55

A stone-worker employed in the quarry was stated to earn on an

average 68 cents per day, but sometimes even $1.17 or $1.36; an ordi-

nary workman in the quarry, on the average, 50 cents, and occa-

sionally 58 cents a day. These wages are comparatively low, but it

must be noted that the workmen enjoy the advantage of cheap and

comfortable dwellings, erected by the company, which also takes care

that the means of living are obtained cheaply, has established schools,

eic.

The amount of paving stone worked up is stated to be 180,000 to

190,000 tons annually. According to a table given by Dietrich, it has
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increased between 1873 and 1884 from 16,497,135 pieces of paving stone

(120,852 tons) to nearly 24,500,000 pieces (222,000 tons) per year. Of

tliis 33 per cent, belong to classes 2, 3, and 4, tliat is to say, they are

dressed ; the rest is only coarsely hewn. Assuming 250 actual work-

ing days per year, the daily production amounts to nearly 100,000

pieces of paving stone.

The production of macadam is stated at 90,000 cubic yards, that of

ballast gravel and sand at 60,000 cubic yards per year.

The area supplied by the products of Quenast, despite the rather

high freight charges, extends far beyond the boundaries of Belgium.

Thus large quantities of paving stone are sent to Holland and France,

and even to more remote places, such as Cologne, Berlin, Petersburg,

Bucharest, etc. The same is true of the other products, or, at any rate,

of macadam. The manager of the Mount Sorrel Granite Company in

England reported that even along the east coast of England the great

Belgian work competes witli English firms in this article.



CLAY MATERIALS OF THE
STATES.

UNITED

By EonEirr T. Hill.

rRODUCTION.

Tlie industries dependent upon clay mininj^ sliared in tlie general

business depression of the year, es])ecially bricJcmakiriii', wliicli is so

largely dependent upon the building industry. Development and ])ros-

peeting of clay materials showed its usual activity, however. These
statistics for the year were as follows:

Amount and value ofpotters' materials from 1SS7 to 1S93.

Kaolin and china
clay

Ball clay
Fire clay
Ground flint

Ground feldspar

.

1887.

Quan-
tity.

Tons.
22, 000
6. 000

15, 000
19,800
10, 200

Value.

$231, 000
36, 000
45, 000

168, 000
112, 200

1888.

Quan-
tity.

Tons.
18, 000
5,250

13, 500

16, 250
8,700

Value.

1889. («)

Quan- -rr 1 „
tity.

^^l'^*'-

$189, 000) Tons.
31,500>' 294,344
40, 500)

138, 125

95, 700
11,113
6,970

$635, 578

49, 137
39, 370

1890.

Quan-
tity.

Tons.
350, 000

13, 000
8,000

Value.

$756, 000

57, 400
45, 200

Kaolin and china clay ... )

Ball clay
\

Fire clay )
Ground flint

Ground feldspar

1891.

Quan-
tity.

Tons.
400, 000

15, 000
10, 000

Value.

$900, 000

60, 000
50, 000

1892.

Quan-
tity.

Tons.
420, 000

20, 000
15, 000

Value.

$1, 000, 000

80, 000
75,000

1893.

Quan-
tity.

Tons.
400, 000

29, 671

18, 391

Value.

$900, 000

63, 792
68, 037

a From 1889 all clays burned in kilns are considered.

Clay imported and entered for consumption in the United States, 1S67 to ISSS, inclusive.

Fiscal years
endiui^ June

30—
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Classified imports of day durivfj ilie calevdar years ending December 31, from 1SS5 io 1SD3.

Kinds.

Cliina clay or kaolin
All othera

:

Unwrouglit
WrougUt

To1al

Kinds.

Kinds.

1885.

Long
tons.

9,736
3,554

Value.

$83, 722

76, 899
29, 839

Long
tons.

16, 590

13, 740
1,654

Value.

$123, 093

113, 875
20, 730

23,916 190,460 31,984 257,

Long
tons.

23, 486

17. 645
2,187

Value.

$141, 36(T

139, 405
22, 287

43,318
I

303,052

I

China clay or kaolin
All others;

Dnwronght
Wrought

Total

Long
tons.

18, 150

20, 004
6, 832

45, 586

Value.

$102, 050

1.52, 094
53, 245

307, 989

Long
tons.

19, 843

19, 237

8, 142

47, 222

Value.

$113, 538

145, 983
04,971

Long
tons.

29, 923

21, 049

Value.

$270, 141

155, 486
2,978

I
29,143

53,950
I

454,770
I

China clay or kaolin
All others:

Unwrouglit
Wrought

Total

Long
tons.

16, 094
6,297

Value.

$294, 458

118, 689
56, 482

469, 629

Long
tons.

49, 468

20, 132
4,551

74, 151

Value.

f375, 175

155, 047
64, 818

a 595, 040

1893.

Long
tons.

49, 713

14, 949
6,090

h 70, 752

Value.

$374, 400

113, 029
67, 280

554, 769

a In addition, 5,172 long tons of common blue clay, worth $59,971, were imported.
6 In addition, 4,304 long tons of common blue clay, worth $51,889, were imijorted.

, IMPORTS.

Earthenware and china imported and entered for consumption in the United States, 1867
to 1893, inclusive.

Years ending-
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TEOHXOLOCJT.

The uses, application, and improvement in processes of manufacture

of clay are increasing with rapidity. Not only is this in the direction

of machinery for the more economic manipulation of the standard clays,

but in methods of using materials hitherto not serviceable, or known
to contain deleterious ingredients, such as clays containing an excess

of lime or silica.

Use of calcareous clays.—It is known that in this country, especially

in the chalky Cretaceous regions of Alabama, Mississippi, Texas, and

the Great Plains region, there are many clays now unworked on account

of containing a supposed excess of lime. In a previous volume we
have spoken of the making of malm from the marls of England.

Prof. George Lunge, of Ziirich, Switzerland, has communicated the

following description of how bricks of a superior quality are made
from the calcareous marls of Germany. For comparison I have added
analyses of clays from the Upper Cretaceous of Arkansas to his table.

Anahjscs of clay from the brickyard helonginr/ to the Mechanische Tiaclcsieipfahrik,

Ziirich, Switzerland.

Top layer
(yellow
clay).

Third layer
(blue clay).

Creta( e us
clay of

Arkansas.

Calcitim carbonate
Magnesium carbonate
Carbon dioxide otherwise present ,

Silica
Alumina
Ferric oxide
Lime (as silicate)

Magnesi.a (as silicate)

Potash
Soda
Moisture (at 100° C.)

Chemically combined water and organic
substances

Total

.

Per cent.

23.68

2.85
42.39
18.16
3.66

2.14
1.27
1.27

.3.85

99.28

Per cent.

27.80
5.70
1.55

38.25
12.44

.73
1.85
.15

1..54

3.05
1.37

4.72

Per cent.

22.04
2

53. 07

7.99
7.42

1.93
.30

2.15

" The bricks made from this clay, if burned at the ordinary heat, say

a moderate red heat, arerec/, and do not keep in the air, but crumble away
very soon, as the quicklime slackens by the moisture. When burned

at a bright red heat, about 200° C. above the former, they are nearly

white. The lime is then present as a ferri-alumina-calcic silicate, which

causes the red color of the Fe^O^ to vanish, and at the same time

entirely prevents any action of the moisture, free lime being no longer

present. Many millions of bricks and roofing tiles have been made
every year from this clay for more than twenty years past, and they

have always kept perfectly well. My predecessor, BoUey, once analyzed

clay from the same brickyard containing 32 per cent, of calcium and

magnesium carbonate, and yet yielding very good bricks by burning

them hot enough to turn yellowish white."

Siliceous fire brich.—The manufacture of brick from sand and glass
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has attracted much attention. Mr. Joseph Khern, the Austrian metal-

lurgist, has introduced a plan for the manufacture of refractory fire

brick. The chief ingredient employed is quartz, which must be of the

highest degree of purity, especial care and watchfulness being exer-

cised to reject all such portions as show any admixture of iron or coj)-

per pyrites, carbonate of lime, or even mica or feldspar. This prepa-

ration is similar to that observed in the manufacture of Diuas and the

siliceous fire bricks made at Stolburg, near Aix. The quartz, having

been selected in the manner described, is heated in quantities of from 12

to 15 tons in a Rumford oven or in a continuous kiln, such as used for

lime. At the end of twelve hours, having reached a full red heat, it is

thrown into water. The best fragments are then selected and afterward

cleaned by a simple jigging process, and then subsequently crushed

under a tilt hammer until sufficiently fine to pass through a sieve hav-

ing 60 holes to the square inch, which leaves the particles coarse and

sharp. Two varieties of fat clay are used to bind the coarsely pulver-

ized quartz. The clays differ slightly in plasticity, and are very care-

fully prepared by thorough weathering, pulverization under light stamp

heads, and fine grinding under edge rollers. A final sifting is per-

formed through a very fine sieve of 600 meshes to the square inch. The

tilt hammer used for pulverizing the quartz weighs 250 pounds, and is

capable of crushing 3J tons of the burned quartz in twelve hours.

In selecting the quartz the purest quality is reserved for the first

quality of bricks, which have to resist the greatest temperature and

sudden changes; while the second and third classes of bricks are made
for less exposed positions, and are composed chiefly of the remains of

bricks which have been once used and again pulverized and sifted

afresh.

The following are the compounds emx^loyed for the different classes

of bricks : First class, 16 parts of quartz to 1 of plastic clay, or 14 parts

of quartz to 1 of leaner clay ; second class, 16 parts of ground bricks of

the first class to 1 of clay third class, 8 parts of ground bricks of the

second and third classes to 1 of clay.

The third-class bricks are made more with an idea of their employ-

ment in portions of the furnace requiring greater mechanical strength

than fire-resisting qualities. The materials are first mixed together in

a dry condition on a large, clean, and tight platform of wood, and are

then thrown into a tight, wooden pugging box 6 feet square and 9

inches deep. In this box the dry mixture should be about 6 inches

deep, and be thoroughly incorporated by kneading with water and

treading under men's feet, and occasionally turning over the mass with

shovels, care being taken not to draw splinters from the wooden box

into the clay. A sufficient quantity of water must be added to allow

the mixture to be worked into a ball between the fingers without crum-

bling.

The second and third class bricks are formed in open molds, the pug
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being beaten down by a metal rammer of about 4J pounds weight;

the first class, however, are subject to a pressure of about o^ tons to

the square inch during a i^eriod of three-quarters of an hour before

they are removed from the molds.

The drying is done in chambers through which a current of air passes,

at the ordinary temperature in summer, but artificially warmed in

winter. The bricks are fit for burning in seven days. The kilns are

rectanguhir chambers, each having two step-grate fireplaces in one of

the shorter sides and a flue communicating with a high chimney at the

opposite end. The capacity is small, being only about 2,500 bricks.

As soon as the kiln is filled the charging opening is partly closed and
a gentle fire is kept in the grates, the damper in the flue being closed.

At the end of thirty-six hours the charging hole is entirely closed,

and the draft is stimulated by opening the damper in the flue inch

by inch at intervals, until at the end of seventy-two hours the whole

of the bricks have attained a strong white heat. The fires are then

removed, the dami)er closed, the grates filled with sand, and cracks

that may have been discovered in the kiln are carefully luted or

smeared over with soft mud.

The charging opening should also receive careful attention and be
faithfully daubed. After standing in this way for thirty- six hours the

charging place is gradually opened, and in sixty to seventy-five hours

the burned bricks may be removed.

A somewhat novel brick has been recently introduced by a North
London company under the name of Kieselguhr fire brick (infusorial

earth) as a substitute for ordinary fire bricks. The chief advantage
about these bricks is their lightness, which renders them specially

suited for blast-furnace pipes, covering retorts, etc. They can be used

for all the purposes to which an ordinary fire brick is put, as the

material of which they are made, piire Kieselguhr, is as infusible as

quartz. These bricks have been utilized for special purposes in chemi-

cal works, where nonconducting i)roperties are desirable, with great

success. They also give satisfactory results for retort settings at gas

works.

The success of these bricks as fire bricks is now undoubtedly estab-

lished, and as an indication of their lightness as compared with other

fire bricks it may be mentioned that the brick itself has a specific

gravity of 0.6. A cubic yard weighs about 12 cwt., which is about a

fourth of the weight of a cubic yard of I)inas bricks.
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Some idea of the composition of tlie brick can be gathered from the

following average analysis of the Kieselguhr from which they are

made:

Analysis ot Kieselgulir (infusorial earth) for fire IricJc.

Silica
Magnesia
Lime
Alumina
Perric oxide
Organic matter. .

.

Moisture and loss

Total

Percent.

83.8
0.7
0.8
1.0
2.1

4.5
7.1

100.0

Glass sand hriclc.—It is found that a very superior quality of brick

may be manufactured from the waste sand employed at the factories in

grinding and i^olishing plate glass. The grinding of plate glass is

accomplished by means of wooden plates covered with iron, between

which quartz sand abundantly moistened with water is brought. By
this manipulation of grinding, consisting in a constant moving to and

fro of the grinding i)late over the plate to be ground, the quartz sand

becomes mixed with i)articles of iron and glass, and after losing its

sharpness is cast aside as waste.

The sand contains about 15 per cent, of glass particles aud 2 per

cent, of iron, is very hygroscopic, and, before it can be used for

making bricks, is dried and then pressed into the mold under a pres-

sure of 660 pounds per 0.155 square inch, the pieces thus obtained

being subjected to a temperature over 2,500° F. at which tempera-

ture the glass enters into a combination with the sand, a new product

with new properties being the result. The bricks thus produced have

a specific gravity of only 1.5 and are perfectly white, and as they are

not attacked by acids are considered to be especially desirable for use

in chemical factories and sulphuric acid works. They also resist frost,

and, as shown by experiment, they possess a compressive strength of

from 840 to" 975 pounds per 0.155 square inch.

In Switzerland there is now being manufactured a glass brick, formed

or molded flask shape with a short neck at each end, 8 inches in length,

6 inches in width, and 2^ inches in depth, with an air chamber through

the center. The edges of the brick are covered, recessed, or ribbed

and grooved to receive when laid a suitable cement of i;)lastic material

of such character that, after it has hardened, it will constitute a suit-

able frame or setting to keep the entire mass, roof or wall, solidly

together. The forms or molds, of which there are two different shapes,

are pleasing to the eye, the lines or ridges being clean and smooth and of

a suificient thickness or strength to stand a pressure of 150 to 200

pounds to the square foot.
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Slag bricks.—According to tlie ludiistrinl World for January 7, 1894,

the manufacture of slag bricks for building purposes has also attained

considerable dimensions in Germany.

DEVELOPMENT BY STATES.

The following notes indicate the progress made in the development

of clay deposits since the publication of the last report on Mineral

Resources of the United States, 1892:

OHIO.

Prof. Edwin Orton published a valuable report {a) on the clays of Ohio
which shows that at present that State leads in most of the clay

industries, especially in the manufacture of sewer pipe. The clay

industries of this State now exceed in productive value the coal

product, which was formerly the chief industry of the State. The
State also excels in fire clays. The lowest clays worked in the State

are found in the base of the Upper Silurian. The black and blue

shales of the Devonian at Columbus are largely worked, but the best

quality of clay belongs to the sub-Carboniferous and is used for fire

brick. The terracotta or ornamental brick are manufactured from the

Mercer clays in the Coal Measures.

The Kittanning series is another source of fire clay at Mineral Point.

Paving brick are extensively made from the Freeport horizon. The
increased use of shales is described. According to this report there

are 44 manufactories ot brick with 357 kilns, producing annually

292,000,000 of brick.

TENNESSEE.

Vitrified brick for paving are now being manufactured at Knoxville

and shipped to Asheville, North Carolina, and other points. Paving-

brick are also being manufactured at Bristol in large quantities.

Brick and pottery works have also been organized in many localities,

while it is rumored that a large bed of kaolin or porcelain clay has
been discovered in Stokes county.

The cost of labor in brickmaking in T^dnnessee is stated by the

Tradesman to be as follows: Brick manufacturers, makers of drain

tiles', etc., report that skilled white employes uniformly receive $4 per

day, and that colored workers receive $2. Unskilled laborei^ in this

manufiicture, both white and colored, receive an average wage of $1.50

per day. In the business of sewer-pipe making the reports show that

$2.12^ is the average pay per day received by white skilled workmen,
the highest reported being $2.25, and the lowest $2. Colored workmen-,

denominated skilled, receive as an average $1.50 per day, the only price

rei)orted. Common white laborers in this business are paid as an

{a) Geol. Survey of Ohio, vol. 7, part 1, Columbus, 1893.

3IIN 93 39
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average 92^ cents, the highest reported being $1.15, and the lowest

75 cents. To common laborers of the colored race is paid an average

of $1.15 per day, a price, it will be noticed, exceeding that received by
white men. This is mainly owing to the fact that the labor required

in this kind of manufacturing is very heavy, almost entirely in hands

of stalwart and experienced colored men, and the few white laborers

who seek this employment are usually inefficient.

TEXAS.

An important scientific contribution on a portion of the vast area

that constitutes the Texas region was published in Science of December

1, 1893, by Mr. W. Kennedy, Austin, Texas. This article deals with

the clays of the Tertiary and later formations of that State occupying

the district of the Coastal plain. He shows their origin, composition,

and variation, classifying them as toUows : The newest or Coastal clays,

tlie Faj^ette sands, the Yegua beds, the Marine sands, the lignitic and
the Wills Point clays. From his brief outline it is shown that the

greater portion of the Tertiary areas is made up of extensive beds of

clays and sands.

The analyses of these clays show the peculiarity of having the pro-

portions of the alkalies i3otash and soda reversed. Tn the greater num-
ber of clay analyses the proportion or percentage of potash exceeds

that of the soda as 3.19 of soda to 1.18 of potash. There is a gradual

decline of tbe two alkalies in the ascending series until the Coastal

clays are reached, when one, the soda, shows an increase over the basal

beds almost equal to the losses it suetains in the other members of the

series.

The question of the origin of the clays is considered extensively with

the conclusion that the most probable immediate source of the mate-

rials entering into the composition of these Tertiary deposits are the

underlying Cretaceous beds, which are largely made up of mixtures of

chalk and clay.

Numerous brick companies have been organized, notably at Morce-

ville, near El Paso, Korth Galveston, and Dallas. A company has been

organized at Velasco for the manufacture and export of pressed vitri-

fied bricks, paving blocks, tiles, and drains from the peculiar blue and
purx)le clay deposits near that town.

VIEGINIA.

The prospecting and development of the various clay fields of this

State progressed materially during the year, and many companies were

chartered, including two for Che manufacture of terra cotta at Richmond.

White brick of good (jualiLy are now being made at Eichmond from a

white clay said not to be alt'ected by the weather and which will not

discolor. Tbe brick are being used in the city and exported to iiJew

Yorlv,
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The clay works at Dorset, Virginia, is making Korth Carolina clay

into ornamental brick, vitrified paving brick, drain tile, etc.

The brick works opposite Washington, near Alexandria, have con-

tinued active operations, while one company has been organized for

the manufacture of a patent brick or stone facing.

WEST VIRGINIA.

Several comi)anies were started in this State for the manufacture of

fire and paving brick, notably at Bluofield, New Giimbcrlandj Sum-

rait, aud Kingwood.

ALABAMA.

Prof. Eugene Smith, State geologist, has published the following

note on Alabama clays

:

"The fireclays of Alabama may be discussed and classed under five

heads: Clays of (1) the crystalline schists or metamorphic formation,

(2) the Cambrian and Lower Silurian, (3) the sub-Carboniferous, (4) the

Cretaceous formation, (5) the Tertiary.

"Under the first are the deposits of Coosa, Cleburiie, and Eandolph
counties, the clay, or kaolin, of Louina, Eandolph county, having the

following composition: Silica, 37.29 per centj alumina, 31.92 per centj

oxide of iron, trace; potash, lime, aud magnesia, 0.72 per cent; water,

15.09 per cent; undecomposed mineral, 14.28 per cent. The pottery

made of this clay took the first prize at the Art Institute Fair, at Phil-

adelphia, in 1890, and brick made from it have successfully withstood

the severest fire tests that could be applied at a large fire brick factory.

"Itisamongthe second class, the Cambrian and Silurian clays, that the

bauxites and kaolins of Cherokee and Calhoun counties occur. An
analysis of the kaolin fi'om near Jacksonville, Calhoun county, is as

follows: Silica, 44.G0 per cent; alumina, 38.92 per cent; oxide of iron,

0.78 percent; lime, potash, etc., 1.03 per cent; water, 13.88 per cent;

undecomposed mineral, 0.90 x^er cent.

"The third class, or sub-Carboniferous clays, occur at the base of the

formation in close proximity to the underlying black shale. These
clays approximate closely to halloysite, and have been opened at Val-

ley Head, De Kalb county. The Cretaceous clays, the fourth class,

occur over a very wade extent of territory in the Tuscaloosa formation

(the Potomac of McGee, and the Earitan of Cook). Dr. Smith says of

these clays that there is hai'dly a variety among the New Jersey clays

that can not be exactly matched in Alabama. The Tuscaloosa clays

extend entirely'' across the State, occupying roughly all that portion of

it lying south of aline drawn from Tnscaloosa southeast to Columbus,
Georgia. In admixture Avith other clays they are used in the manufac-
ture of firebrjck at Bessemer and at Bibbville. An analysis of a typical

sample from Chalk Bluff, Marion county, is as follows: Silica, 47.20 per

cent.; alumina, 37.7 per cent,; oxide of iron, 0.91 -per cent.; lime, potr

ash, etc., traces; water, 14.24 per cent.
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"The clays of the Tertiary formation occur in the Bnhrstone division

of the Alabama Tertiary. A sample of the beds in Choctaw county
had the following composition: Silica, 36.30 per cent.; alumina, 45.12

per cent. ; oxide of iron, 1.60 per cent. ; lime, 0.40 per cent. ; water and
volatile matter, C.60 per cent. There seems to be no question of the

adaptability of the Alabama clays for the manufacture of all kinds of

fireproof material, and some of them have already been used in the pro-

duction of the finer grades of pottery with very satisfactory results.

Their wide extent and diversified nature enable one to select, with ease,

whatever particular sort may be required; and the growth of metallur-

gical interests in the State, requiring large supplies of firebrick, indi-

cates a profitable source of revenue from this direction alone."

Great improvement and development is noted in the firebrick works
of Bessemer, Bibb ville, and other places. New i)lants were also started

at Birmingham for the manufacture of paving and ornamental brick.

The Bessemer Firebrick works has doubled its plant to a daily capacity

of 50,000 brick.

ARKANSAS.

A plant for the manufacture of paving, fire, pressed, and ornamental

brick for building purj^oses and sewer tiling has been built near Hot
Springs. Excellent brick material has also been rei^orted near Mag-
nolia and a company organized for working it.

According to Dr. John C. Branner vitrified bricks are manufactured

at Fort Smith from a shale.

CALIFORNIA.

The fire-clay ledge 4 miles west of Rosamond furnisbed large quan-

tities for shipment to Los Angeles for the manufacture of fire brick.

This clay is said to make a splendid lining for stoves and furnaces,

and for covering steam pipes, the manufacture of all kinds of pottery

and queensware. It will also be largely used for well casing, conduit

pipe, ditch casing, and other purposes m connection with the extensive

irrigation works in California.

At Pomona a terracotta company has recently j)ut m a new plant

for the manufacture of tei^ra-cotta stove pipe, dram tile, salt-glazed

sewer pipe, and fire brick.

The San Joaquin Brick Company, 5 miles from Stockton, is develop-

ing the clays of that locality. Clay for the manufacture of brick is

obtained at the site of the i)lant by dredging at a depth of 25 feet.

The plant is supplied with the best modern appliances and machinery

in use to carry on the business economically, including a Hoffman con-

tinuous kiln for burning common brick; another kiln is used for pressed

and stock brick—only red brick is turned out. The output in 1802

was 4,500,000 brick. While the principal demand comes from the city

of Stockton, a considerable amount is sold in other places where

freight rates are not too high ; these include Oakdale, Merced, and all

points which can be reached by river boats.
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COLOT^ADO.

The clay industry in Colorado is making rapid strides. The quality

is equal, if not superior, to any clays found in other States. Accord-

ing to the liocky Mountain News, the principal points of production of

clays are the foot hills near Golden, and Morrison, and Boulder. At
Golden ten different stratificationsof clay with separate characteristics

are found suitable for the manufacture of the finest china, building-

brick, tire brick of all shades, roofing and fancy tiling, sewer pijje and

pottery. At the Golden banks a glaze used by potters in glazing their

ware, has been found. If well burned, the goods covered with this

glaze will assume a perfectly white color. The manufacture of sewer

pipe is actively carried on. Denver recently ordered the laying of 45

miles of sewer i)ipe. The clay used is taken from leased beds near

Golden and at Morrison. Plastic clay is used in the manufacture of

sewer pipe, and the Colorado variety is ibund to be entirely satisfactory

for the purpose. The sewer-pipe company used GOO cars of this clay

during the past year; 80 men are employed and $2,500 worth of coal

is used each month. The value of the output for the past year is esti-

mated at $52,000.

Denver also has a manufactory which produces fire brick, assayer^s

crucibles, scorifiers, mufJles, and other appointments, in clay for the use

of jewelers and assayers. The production for the year by this firm is

estimated at $150,000. The manufacture of fire brick has been very

dull, and the firm finds that the manufacture of higher-grade products

is more satisfactory. Thirty-five men are employed in this trade. The
goods produced are shipped to Mexico, Briti^jh Columbia, and all the

principal States. Eefractory clay from Golden is used principally. In

1893 the company expended $10,000 in additions to the plant.

In the manufacture of useful utensils Denver pottery firms take a

leading part. The total production is valued at $2,000 per month.

Forty men are engaged at the factories. The largest factory in the

city owns the Orahood bank, 3 miles south of Golden. The plastic

clay is used in the manufacture of jugs, jars, butter firkins, milk jars,

tiling, and flower pots. During the past year a plant was added for

the making of tiles at an expense of $5,000. The flowerpot trade by
this concern reaches north, west, and south. The kilns have a capacity

of 15,000 gallons of stoneware and 15,000 flower pots of various sizes

per week.

The pressed-brick and fire-brick companies produce a superior qual-

ity of building brick. A brick is now being manufactured which will

rapidly take the place of the ^'Dinas" brick manufactured in England.

An idea of the favorable reception of Denver-made fire-brick can be had
from the fact that brick sent out by Denver firms was recently sold in

Portland, Oregon, for double the price asked by English firms.

The manufiacture of common brick has not occupied the attention of
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many workmen during tlie past year. The early part of the year was

a fairly good time, but tlie latter part shows little activity in the trade.

A large stock is kept on hand by all the brickyards, snfiQcient for a good

supply when business resumes its usual activity.

There are numerous brickyards in the suburbs adjoining Pueblo.

The two fire-brick companies own large fire-clay beds and make a supe-

rior quality of fire-clay brick and tiles for coke ovens. The Pueblo

Pressed Brick Company is another in that line that is furnishing the

city with a building material that until a few years ago had to be pur-

chased from abroad. This company has an invested capital of $40,000.

FLORIDA.

The superior quality of kaolin which is being found in the beds of

Citrus, Lee, and Hernando counties, Florida, promises to be the basis

of a very important industry. In the vicinity of Oxahumpka some very

fine specimens have been found of a beautiful clear white quality, com-

paring favorably with that used in 'New Jersey in the manufacture of

porcelain ware. Already the mining of this clay is furnishing labor

for a large number of hands and additional freights for the several

transportation lines.

A bed of potters' clay has been discovered at Bluft' Springs, in

Escambia county, on the Louisville and Nashville railroad. A com-

pany of business men is being organized here to establish a pottery,

and have employed an expert connected with the large potteries at

East Liverpool, Ohio, to make a thorough examination of the clay.

The clay at Bluff Springs is suitable for the manufacture of many arti-

cles which command ready sale at a good profit. It will make a good

quality of sewer pipe.

According to a reportbyMr. Thomas R. Baker, in Science, there occurs

near Bartow, Florida, and at other points as far south as Haines City,

a deposit which has recently been found to be very valuable as a mate-

rial for covering the sandy sidewalks and streets of Florida towns. It

is popularly known in south Florida by the name "c?fft/j" lt)ut consists

essentially of sand, clay, and oxide of iron.

Analysis of street-paving clay, Bartoiv, Florida,

Moisture
Silica
Aluminum silicate

Iron oxide
Calcium carbonate

Per
cent.

4.20
69.03
18. 'Jl

8.53
Trace.
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The (teposit is a sandstone rock, and, altliongli it lias to l)e qnarried

from its bed, it almost completely disintegrates in tlie qnarrying, and

needs no further preparation to fit it for the use to which it is appMed.

It is of a reddish color, due to the i)resence of oxide of iron. The mate-

rial .is simply spread over the sidewalk or street to which it is to be

applied to the depth of several inches, and then sprinkled with water

and rolled with a heavy roller. After being walked upon and driven

over for a short time it becomes very compact and fully as hard as it is

in its native bed.

The most valuable constituent of this material, when used as a cov-

ering for roads, is undoubtedly the oxide of iron, which acts as a

cement,' rendering the material capable of becoming compact and hard.

That the iron serves this purpose was verified by removing it from the

compound, and subjecting the mixture of the remaining constituents

to tests that had been applied to the original material. The adaptation

of this deposit to the improvement of roads was first brought to notice

by the South Florida and other railroad companies, who used it for

the improvement of railroad crossings, driveways about stations, etc.,

and the first extensive use made of it for streets and sidewalks was by

the city of Orlando about a year ago. It has given excellent satisfac-

tion in Orlando, nothing having been done for the place for years that

has so improved it. It has been the means of converting streets so

sandy that travel over them was very slow and difficult into driveways

over which travel is easy and pleasant. •

GEORGIA.

Mr. J. W. Spencer, late State geologist of Georgia, has published a

valuable contribution to the clays of that State. («)

In northwestern Georgia he reports the following types of clays:

(1) The kaolin-like clays, (2) the clays derived from the decay of lime-

stones and calcareous shales, (3) those formed from the disintegration

of shales, and (4) alluvial deposits. He says the kaolin-like clays are

sometimes pure white with occasional stains of iron, or again of a pur-

ple tint. They often occur in large bodies. In the cherty remains of

other portions of the Knox dolomite the siliceous nodules occur in the

white, chalky clay and could be separated from it*'by mechanical means.

Halloysite occurs under similar conditions in the Fort Payne chert,

and can be used for porcelain ware. The composition of some of these

white clays is given. They contain only the smallest trace of unde-

composed feldspar and alkalis, and it is alleged would form an infusi-

ble clay with even the amount of iron present. These clays require

experimentation before their full value can be determined. They are

residual in origin.

o Geological Survey of Georgia. Paleozoic Group. J. W. Spencer, etc., Atlanta, Georgia, 1893.
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Various residual clays are reported from other beds of the Paleozoic

group, among which are clays derived from the disintegrated shales

which Mr. Spencer thinks will be valuable for brick making. At Eock-

mart the decomposition of the shales has produced a buff colored hard

banded matepal which is capable of being sawed or turned into orna-

ments. Samples of brick made from this clay are very fine. Good
brick clays are reported from various localities.

MISSISSIPPI.

It is gratifying to note that the clays of this State are beginning to

be appreciated, and it is a commendable fact that the Illinois Central

Eailway, which traverses the State, is advertising their merits and
seeking to interest capital in their development.

A peculiar clay is reported to have been found 4 miles from Ocean

Springs especially adapted to making the best fire brick, and which is

said to have stood a test of 3,000° to 3,500° Fahr. without injury. A
company has been organized to work the clay near Stonington, where

a complete plant will be erected for the manufacture of brick, tiles,

pottery, piping, etc. The manufacture of pottery will be continued at

Meridian.

MISSOURI.

In connection with the investigation of the clays of Missouri, a large

amount of experimental work lias been done for determining their fusi-

bility and other properties. These results have been set forth by Mr.

H. A. Wheeler in the Engineering and Mining Journal. A valuable

table is given showing the calculated fusibilities of 37 Missouri clays,

including fire, brick, and potter's clay.

It is reported that kaolin of a fine quality has been discovered near

Glen Allen, Bollinger county.

NORTH CAROLINA.

Mr. T. K. Bruner, secretary of the department of agriculture of

that State, has received a considerable number of responses to his invi-

tation to those interested in the development of kaolin to forward him

samples to be treated in Japan. It has been stated that a Japanese

commissioner says there would be no difficulty in securing the necessary

articles, potters, and decorators from Japan to come to North Carolina.

The Manufacturer's Eecord says that kaolin, a fine grade of potter's

clay, is found in abundance in nearly all the counties west of the Blue

Eidge, but in Mitchell, Yancey, and Jackson counties the clay is con-

sidered the best. It has been successfully mined for a number of years.

Large amounts are shipped daily, and bring from $12 to $14 per ton at

factories in East Liverpool, Ohio, Trenton, New Jersey, and other
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Northern nmrkcts. Some of tlie finest cnps and saucers, said to be

equal to any foreign productions, are made from this clay. It is also

largely used in manufacturing joints and for making pipes, fancy tiling,

mosaic work, and sanitary appliances. The clay is in great demand and

the output constantly increasing. Fortunately the supply is large and

will furnish material for centuries to come.

The Dillsboro works are actively engaged in preparing the kaolin

from the neighborhood for shipment to the works at Trenton, New
Jersey, where most of it is used for the manufacture of porcelain.

The clays at Grover station, near Charlotte, are said to be of a very

fine quality for terracotta work, and will be utilized by a company

at Dorset, Virginia. •



CEMENT.
'By Spkncer B. Newbkrry.

htdraulic cement.

Decreasedproduct.—The production of hydraulic cemeutin 1893 shows
a considerable decrease from that of the previous year. This is prob-

ably chiefly due to the depression in business that prevailed through-

out the country during the latter half of the year, in consequence of

which building operations were largely suspended and the use of

cement of all kinds was greatly decreased. It is to be feared that the

reports for the present year will show a still further decline in produc-

tion, as the demand for cement has not revived and the prevailing

scarcity of coal has caused several works to suspend operations. The
decrease in the production of hydraulic cement during 1893 was very
evenly distributed throughout the country, but is especially marked in

the great centers of manufacture, the Eosendale region in New York,
the Louisville region in Indiana and Kentucky, and Lehigh county,

Pennsylvania. An increased production is to be noted in only one
important locality, viz, Utica and La Salle, Illiuois, and at this- point

the increase is slight.

Prices.—As to prices of hydraulic cement, the figures have fallen

even lower than before. In the Louisville region sales are reported at

as low a price as 22 ceuts per barrel of 260 pounds, in bulk, at the

works. This is less than 7 cents per bushel, or lower than the usual

price of common lime at the kilns. It seems almost incredible that the

process of quarrying the cement rock, burning in kilns, and grinding

can be carried on without loss at these figures. Only by manufactur-

ing on an enormous scale and conducting the burning so as to secure

the greatest economy of fuel is it possible to meet expenses at the

present figures. In no other country has hydraulic cement of good
quality been placed on the market at so low a cost.

Hydraulic cement finds its chief application in mortar for building,

for which purpose it has largely replaced common lime, and in laying

the foundation for asphalt and brick pavements. Even for these

common uses it meets a formidable rival in Portland cement, since the

latter allows the addition of a so much larger proportion of sand that

the cost of Portland-cement mortar and concrete is about the same as

that made from natural-rock cement.

The following table gives the amount and value of hydraulic cement
618
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produced in various localities during 1892 and 1893. Tlie valnea given

are, for tlie sake of uniformity, made to include tbe cost of barrels,

which for hydraulic cement is about 15 cents each, although the larger

part of the product is sold in paper saclcs.

Product of hydraulic cement in 1S92 and 1S03.

Georgia
Illinois

IiidiaDa and Kentucky .

Kansas and Missouri . .

.

Maryland and West Vir
einia

Minnesota •

New Mexico
New York

:

Onondaga county—
Ulster county
Schoharie coimly
Erie county

Ohio '.

Pennsylvania
Texas
Utah
Virginia
Wisconsin

Total

Num-
ber of
works.

1892.

Product.

Barrels.
50, 393

472, 876

2, 100, 000
110, 000

252, 092
100, 000
10,000

240, 580

2, 833, 107
32, 000

675, 000

56, 863
664, 594
40, 000
5,000

13, 000
55S, 676

8, 211, 181

Value,
including
barrels.

$41, 294
236, 438

1, 3b5, 000
77, 000

220, 991

75, 000
10, 000

152, 550

2, 408, 141
27, 840

486, 250
53,863

502, 511

40, 000
7,500

10, 000
284, 772

5, 999, 150

Num-
ber of
works.

69

Product.

Barrels.
10, 273

522, 972
1, 750. 3.50

60, 000

231, 590

75, 000
1,500

161, 308
2, 738, 884

22, 566
675, 000
68, 000

567, 110
10, 000
5,000

17,509
494, 753

7, 411, 815

Value,
including
baritls.

$9, 750
283, 782
962, 692
36, 000

183, 451
56, 250
1,500

97, 721
2,191,107

20, 309
496, 250
60, 550

406, 936
27, 500
7,500

15, 084
248, 326

5, 104, 708

PORTLAND CEMENT.

In spite of unfavorable conditions for growth, the production of Port

land cement in 1893 showed a marked increase over that of the previ-

ous year. This is due to the commencement of operations in two new
factories rather than to increased output at older works. There were

at the close of the year 19 factories producing Portland cement in the

United States, with a total output of 590,652 barrels. The imports for

the year 1893 were 2,674,149 barrels. About 18 per cent, of the Port-

land cement consumed was, therefore, produced in this country. Tlie

following table shows the relative proportion of Portland cement made
in this country and imported during the past four years

:

Comjiarison of the domestic production of Portland cement ivith the imports.
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It appears from tliis tliat tlie domestic product has, on the whole,

decidedly gained ground, though the increased production in 181)3

almost exactly balanced the increased importation. There can be no
doubt that future years will witness a still further growth in the ratio

of production to imports, and that all the Portland cement needed in

this country will ultimately be produced at home. There are several

causes, however, which combine to postpone this result, the most impor-

tant of whicli is probably tlie very rapid increase in the use of Port-

land cement in this country. There is also a widespread prejudice in

favor of foreign cement, due to the great excellence which some of the

German manufacturers have attained through many years of experi-

ence. The first efforts to make Portland cement in this country were
not altogether successful so far as quality is concerned, and up to the

present time more or less cement of poor quality has been put upon the

market. It is certain, however, that some of our leading factories are

now making cement which is fully equal to the best German or Eng-

lish Portland, and the prejudice against the American product, at no
time a bitter one, is fast disappearing.

Another important obstacle to the rapid growth of the industry in

this country is the low price at which foreign cements are supplied in

our markets. In Europe the industry is established on an enormons
scale, with correspondingly low cost of production. The Dykerhoff

factories on the Ehine and those at Stettin are said to produce from

1,500 to 2,000 barrels of cement per day, while our largest works (at

Coi)lay, Pennsylvania) do not produce more than 300 barrels per day.

The cost of labor, which plays an important part in the expense of

manufacture, is also much higher in this country than in Europe.

Against the disadvantages of production on a small scale and high

cost of labor may be set the cost of shipment to this country and the

present duty of 32 cents per barrel. The first of these items is of

slight importance in Eastern markets, since the ocean freight usually

amounts to only a few cents per barrel. Within the past year the

transportation companies engaged in shipping cement from New York
to Chicago have agreed to absorb the ocean freight, making a through

rate of 52 cents per barrel from Europe to Chicago. The prices of

many brands of foreign cements have also fallen to a very low figure

during the past year, as the following table shows:

Prices offoreign Portland cement, in large lots, alongside ivharf, duty paid, at close of

1S93.

New York. Chicago.

Belgian and cheaper English
Good English and German .

.

Best German

$1.45
1.75
2.00

$1. 95
2.25
2.50

J
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American cements are generally classed with the cheaper Eiiglisli

and Belgian, though in many cases fully equal to the best Gcrniaii. A
good American cement must be sold at least 25 cents per barrel lower

than a foreign cement of equal quality, in order to find a market. To
meet the above figures, American manufacturers are selling at very low

rates. At Eastern factories the prices are from $1.50 to $1.75, in wood,

at the works; in Ohio, from $1.75 to $2. A slight advantage is gained

by the domestic producer in the possibility of shipping by rail in paper

or duck sacks, which is impossible in the case of foreign cement.

In conclusion, it maybe said that, in order to replace foreign cements

American cements must be manufactured on a very large scale, with

great economy of labor and fuel, and with the closest attention to

quality. It is encouraging to note that in spite of the fact that the

prices of foreign cements in our markets have fallen nearly one-half

during the past ten years, the industry has become permanently estab

lished in this comitry, aud has steadily increased, while the quality of

the domestic product has been very greatly improved.

Product of Portland cement in 1892 and 1893.

states.
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are the materials used, and the burning is carried on in continuous

kilns of the Dietzscli type.

The Sandusky Portland Cement Company, at Portland, 5 miles west

of Sandusky, began operations in August, 1893. At these works the

marl and clay are mixed in revolving pans with edge-runners; the wet

mixture is then ground in special steel mills and dried in rotary cylin-

ders, from which it issues in the form of small rounded pieces. The
dried material is burned in this form in rotary kilns heated by crude-

oil flames.

Portland cement at the ColumMan Exposition.—Yery interesting dis-

plays were made by the leading English, German and French manu-
facturers; among them theGermania and Heidelberg factories were the

most striking. Very beautiful specimens of polished slabs and mosaicsof

cement were shown, illustrating the growing use of Portland cement for

ornamental purposes. Among American exhibitors may be mentioned

the American, Coplay, Buckeye, and Sandusky cement companies.

A very interesting exhibit was made by the editors of the Thonindus-

trie Zeitung, Dr. Seger and Mr. G. Cramer. This included all the latest

appliances used in Germany for testing cements. Dr. Bohme's revolving

table for determining the wear-resisting qualities of cement, Bausch-

ingers apparatus for testing expansion, etc., and a full library of

books of reference on the cement industry. The exhibit was, in fact, a

complete testing laboratory, and experiments were carried on during

the whole exposition. Dr. M. Gary has given in the Thonindustrie

Zeitung a full review of the clay and cement industries as shown at

Chicago. In a paper read before the German Cement-makers' Asso-

ciation at their annual meeting in February, 1894, Dr. Gary gives an

extended account of the present condition of cement manufacture in

the United States, and describes several factories which he visited.

Speaking of the efforts that are being made to develop the manufac-

ture of Portland cement in this country, he says

:

"At present there is naturally no little difficulty in introducing a

cement Avhich has not yet had time to prove its excellence, since no

architect nor engineer can be persuaded to take the risk of using an

unknown material. This circumstance, and the prejudice of consumers

in favor of foreign cements, are the obstacles which the American

manufacturer encounters in introducing his product. 'AH foreign

cements are good,' says the consumer, 'no matter whether they come

from small or large factories, from those thirty years or one week in

operation, so long as the cements come from Europe or bear a foreign

label. All American cements are bad, on the same principle, even

though made by a manufacturer of long experience and j)rovided with

the best apj)liances."' An American Portland cement manufacturer

for his own consolation writes: "If this vieAv really prevails, the

American cement-maker can overcome it only by furnishing a faultless
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product. Meanwhile the German manufacturer -may derive advantage

from it."

In commenting on the published results of tests of American cements,

he says that the figures show that the products tested were far from

equalling German cements. This may be true regarding the best

brands of cements sold in Germany, but is by no means applicable to

the cements sent to this country. The writer has made a great num-

ber of tests of English and German cements found in our markets,

following closely the German official requirements. In comparatively

few cases were the cements found to stand the German Government

tests (227 pounds per square inch at twenty-eight days with three parts

sand). In the majority of cases the cements fell greatly below the

German standard, some of the best known brands giving very poor

tests indeed, while several cements of American manufacture complied

fully with the German requirements. It appears that much of the

cement sent to this country is of inferior quality, and evidences of

adulteration of foreign cements with slag are not uncommon* With

the prevailing prejudice in this country in favor of foreign cements,

and the lack of general acquaintance with correct methods of testing,

this state of affairs is not to be wondered at.

A paper on testing cements, by the writer of this report, containing

an abstract of the official requirements of various countries, api3eared

in the Scientific American Supplement, April 21, 1894.



SOAPSTONE.
Tlie amount of soapstone produced in the United States in 1893 was

21,071 short tons, valued at $255,067. In amount this was not mate-

rially different from that of 1892, when the product was 23,208 short

tons, and considering the tendency to decreased production in 1893, this

is a fairly favorable showing. But in the value of the product there

was a very notable falling off, decreasing from $423,449 in 1892 to

$255,067, a loss of $168,382, or nearly 40 per cent. This loss, however,

was not entirely due to a great reduction in prices, though they were

considerably depressed, particularly during the latter half of the year.

The greater part of the decrease in value was due to a larger amount of

the product being sold in its rough state as quarried. In 1892 the

amount sold rough was 1,560 tons, whereas in 1893 5,760 tons were

sold in that condition.

Following is a statement of the production of soapstone in 1893,

showing the amount and value of the different conditions in which it

was marketed.

Production of soapstone in 1893.

Condition in wbich marketed.

Rough
Sa-wed into slabs
Manufactured articles (a)

.

Ground (6)

> Total (c)

Short tons.

5,760
104

7,070
8,137

21,071

Value.

$51, 600
4,400

12:5, 600

75, 467

255, 067

a Includes bath and laundry tubs ; fire brick for stoves, heiters, etc. ; hearthstones, mantles, sinks,

griddles, slate pencils, and numerous other articles of everyday use.

b Tor foundry facings, paper-making, lubricators, dressing skins and leather, etc.

c Exclusive of the amount used for pigment, which is included among mineral paints.

In the following table is shown the amount and value of soai)stone

produced in the United States since 1880

:

Annual product of soapstone since ISSO.

Tears.

1880
1881
1882
1883
1884
1885
1886

621

Quantity.
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Soapstone in North Carolina.—The talc or soapstone belt of western
North Carolina extends from near Hewitts, aloii j? the line of the Murphy
branch of the liichmond and Danville railroad to Kinsey and beyond.

The talc is almost always overlaid by a capstone of itacolumite or sand-

stone and underlaid by marble or limestone. The deposits are inclined

to be "pockety." One deposit at Valley river, 4 miles from Murphy,
is 30 feet wide at one place, but is stained with iron and gritty;

that is, intermixed with quartz grains and therefore not utilized. Mr.
Titus Ulke, in a recent visit to this neighborhood for the Geological

Survey, made the following observations regarding the mine of Mr.

F. R. Hewitt, at Hewitts. They may be taken as fairly illustrative of

the business in that locality.

The mine is located on a hillside, from which the crude talc is lowered

in a chute to a grinding mill having a capacity of from 8 to 10 tons per

day of ten and a half hours. Most of the product is ground, but some
block and pencil talc cut to order is also shipped. The blocks are

usually 6 by 4 by 1 inch in size; the pencil talc is cut to about 4 by f by
^ inch sizes. During 1893 the mill was running continuously for about
three months only. The pencil and block talc is shipped in cases accord-

ing to the amounts ordered; the ground talc is packed in sacks of 220

pounds each.

At the mill the crude talc is first passed through a "rumble," i. e., .

a rotary screen, 6 feet long by 4 feet in diameter, which removes the

dirt from the talc, and the dirt thus removed passes through longitu-

dinal slits into a water spout which carries it away. The good talc

remaining in the rumble is dumped into a car, from which it is fed into

a buhrstone grinding mill. The ground material is then hoisted to the

floor above and emptied into a silk bolting cylinder. The bolted talc

is caught in a dust-collecting chamber, into which it is drawn by an
interposed centrifugal fan. The fine white ground talc is finally sent

to an automatic packer and filled into sacks, each holding 220 pounds.

Otlier occurrences.—Soapstone occurs in almost every State along the

Atlantic slope; also in South Dakota, Arizona, and Texas, and along

the coast of California. It does not always occur, however, in deposits

that can be profitably worked. In addition to i^orth Carolina the

States producing soapstone in 1893 were: Georgia, Maryland, ]S"ew

Hampshire, ISow Jersey, Pennsylvania, Vermont, and Virginia. This

does not include the fibrous variety from Saint Lawrence county, IJI^ew

York, which is treated separately.

Fibrous talc.—Gouverneur, Saint Lawrence county, New York, con-

tinues to furnish the entire product of the fibrous variety of soapstone.

This mineral is used almost exclusively as a filler in the manufacture of

medium grades of paper, a small amount being used in making dyna-

mite. The product in 1893 was 35,801 short tons, valued at $403,436,

against 41,925 short tons, worth $472,485, in 1892. The year of largest

production was in 1891, when au output of 53,925 short tons, valued at
MiN 93 40
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$493,088, was reported. At the beginning of 1893 prospects were bright

for a good year's business, and u.ntil the first of June the production

was about equal to that of the first five months of 1892. After the first

of June, however, the demand fell off, and while prices were fairly well

maintained, tlie amount of business for the rest of the year was about

75 per cent, of that of the preceding year.

Annual production offihrous talc since 1880.

Tears.

1880
1881
1882
1883
1884
1885
1886

Quantity.



ASPHALTUM.H
Under this generic name one finds included bituminous rock, sand-

stones and limestones impregnated with bitumen or asphaltum, free

bitumens, either liquid, viscous, or solid, containing little or no mineral

matter, and finally mixtures in various proportions, more or less inti-

mate, of bitumens with inorganic matter or with both inorganic and

organic matter.

Deposits of asphalt, of all of these varieties, are widely scattered over

the United States from the Atlantic to the Pacific, lorincipally south

of latitude 40°. They have been noted in Ohio, West Virginia, North

Carolina, Georgia, Alabama, Texas, Missouri, Kentucky, Tennessee^

Indian Territory, New Mexico, Arizona, Wyoming, Colorado, Utah,

Nevada, Idaho, Montana, Washington, California, and Oregon.

The commercial product in 1893 was from three States, California,

Utah, and Kentucky, in the order of their importance.

PRODUCTION.

The product of asphaltum and allied bitumens in the United States

during 1893 was 47,779 short tons, valued at $372,232. In order to pro-

tect confidential returns the product of ozokerite in Utah is included in

the output of gilsonite or gum asphaltum, and for the same reason the

product of liquid asphaltum or maltha in California is included with

the hard. With this arrangement the production by varieties in 1893

was as follows

;

Production of asphaltum and allied bitumens in 1893.

Varieties.

Asphaltum
Bituminous limestone
Bituminous sandstone

Total

Short tons.



628 MINERAL RESOURCES.

In "Mineral Eesources" for 1892 tlie output of bituminous rock in

California "was given at 24,000 short tons. Later information indicates

that this figure was hardly one-third the actual product. The under-

estimate was due to the fact that one concern operating three mines

returned a report for the production of one mine only, and this was taken

to be the product of all the mines. In reality the production of bitu-

minous rock in California in 1892 was the largest on record. During
that year a spirit of improvement prevailed in San Francisco, Oaklajjd,

and several other large cities in the State, resulting in the laying of

many thousand square yards of asphalt street jpavement and causing

an unusual demand for the rock.

The production of asphaltum and bituminous rocks since 1882 is

shown in the following table

:

Production of asjyhaltum and Mtuminous roclc since 1SS2.

Years.
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California asphaltum and hituminous roch.—The principal producer

of asphaltum aud allied bitumeus in the Unitid States is California,

aud tlie related industries in that State are gradually increasing' iu

importance from year to year as new deposits are opened and new
uses found for the substances. The aborigines of California used

asidialtum for making their canoes water-tight and cementing their

utensils and weapons, and the Spanish Mission fathers who first civ-

ilized the country used it for making floors, walks, roofs, reservoirs,

and water conduits. Some of the relics of their ancient works over

one hundred years old show the asphalt portion about as perfec^t as

ever. The Mexicans who settled the country after the establishment

of the missions also found many uses for the asphalt, and there are

still to be seen numerous examples of cisterns, pavements, walks, etc.,

in a good state of ijreservation. These utilizations, however, were

entirely local and no steps were taken by the A.mericans for many
years after California came into the Union to develop this branch of

the mineral industry of the State. Some little asphalt was taken out

for roofing purposes at different times, but no bituminous rock was

mined until 1868, when at Santa Cruz some was used to cover a wooden

block pavement in that town. In 1876 more or less pavement made of

this material was laid in the same town, near which are large deposits

of the mineral. In the year 1884 some was shipx^ed from Santa Cruz

for making pavement at other places in California, and was found to

serve the jjurpose very well indeed. The deposits of bituminous rock

in this county have the advantage of both rail and water transporta-

tion, and since these first shipments many thousands of tons have fol-

lowed, until the industry of quarrying or mining bituminous rock has

become a very important one.

In 1886 and 1887 some of the similar deposits in San Luis Obispo

county were opened and the product shipped. In the latter year 36,000

tons were mined in the county.

The entire i)roduct of bituminous rock and asphaltum in California

from 1882 to 1885, inclusive, was not over 3,000 tons a year, with a slight

increase in 1886, a larger one in 1887, and still larger in 1888. It was
in the latter year that the mining of these substances, x>articularly

bituminous rock, became an important industry. Asphaltnm, liquid

asphaltum, and bituminous rock all came largely into notice in that

year, and since then the production has shown a gradual but steady

increase. This has been mainly due to the increase in demand for the

substances for paving purposes in the cities and towns of the Pacific

coast where more permanent pavements than those formerly in use are

now being laid. Moreover, it was found that California had within

her own borders an abundant supply of everything that is needed for

such pavements, and with the increase of demand the supply became
abundant, as owners of the deposits found it profitable to open and work
them. This naturally led to a reduction in cost of the material. There
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are very large deposits of this rock in several counties of the State, but

the maiu source of supply continues to be from the counties of Sania

Cruz, San Luis Obispo, and Monterey, where both rail and water trans-

portation are available and the deposits extensive and easily worked

or quarried.

In addition to the natural deposits of asphalt and bituminous rock, a

"liquid asphalt" or natural fluid bitumen is sold for use as a flux to the

harder material used in street paving. As is well known, the base of

the California x)etroleums is asphaltic, as distinguished from the paraffin

base of the eastern oils, and the process of refining iDctroleum leaves

the asphalt or maltha as a residue.

Several authorities on this subject argue that the use of petroleum

residuum oils as a flux is detrimental to the asphalt for paving purposes,

but the Trinidad asphalt, the most common and largest in use in the

United States and other parts of the world, is always treated with such

oils before being used for paving. The claim is made by those oiDposed

to the use of this flux, that the volatile oils of the residuum flux gradu-

ally leave the pavement, lessening the percentage of cement, thus ren-

deriug the pavement less elastic when contraction occurs in cold weather,

which is apt to cause cracking. This deterioration of the cementiug

factor in the pavement is said to likewise weaken its resistance to wear,

and that disintegration occurs because it has not strength to resist

abrasion. On the other hand the corporations which use this flux in

large quantities have lately had exhaustive examinations made by

competent chemists, and the result appears to show that petroleum

residuum possesses excellent qualities as a flux, and that the supposi-

tion that this flux injures the Trinidad asphalt when used for fluxing

purijoses is quite erroneous. However this may be, up to within the

past few years it has been the only substance available for a flux for

asphalt and is largely in use. The discovery in California of a natural

liquid bitumen supplies a new flux for the harder aspbalts and one

that possesses some qualities which recommend its use for this pur-

pose. This natural liquid asphalt is not produced by distillation, but

by simple extraction by mechanical means from the clear sea sand

which it saturates as it oozes from the immense beds of shale which

are its source. It is not heavy petroleum, but liquid asphalt.

It took several years of experimenting to ascertain the proper proc-

ess for purifying the liquid asphalt or separating it from the sand

which contains it. The object of the purifying process is to remove all

water and sand. The result is a heavy, viscous asphalt in a semi-liquid

state, resembling thick molasses in cold weather. It is semi-liquid,

because of its percentage of gummy, elastic, asphaltic oils, which keep

it soft.

This peculiar substance is obtained at Las Conchas mine, 13 miles

east of the city of Santa Barbara, Santa Barbara county, where there

are enormous beds of shale which appear to be saturated with it. A
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well sunk 400 feet iu this material continues to ooze liquid asphalt at

all points. The shale itself is not, however, worked to obtain tlio

substance, though that appears to be, and doubtless is, the original

source of supply. On top of the shale is an immense bed of sand,

which at sometime has been washed clean by the waves of the ocean,

for it contains no clay or dirt of any kind. The mine is right on the

edge of the ocean, and the sands have evidently come from the beach,

though they extend some miles back from and are higher than. the

present seabeach. Covering the sand deposit is a surface of light

earth and soil, upon which is the ordinary vegetation. This soil is

"hydraulicked" off by a 12-inch stream of clear salt water, passed

through a hydraulic nozzle, such as are in common use in the hydraulic

gold mines of the State.

The water supply is provided through a pipe anchored to the rocks

and extending about 1,000 feet out into the ocean, lar^e steam pumps

being used to lift the water and give it the necessary pressure for the

washing operation. The earth is thus washed off into the ocean until

the top of the sand deposit is reached, no shoveling or handling of

any kind being nec^essary. The sand itself, being saturated with the

liquid asphalt of which the miners are in search, is then put through

a patent purifying process and the asphalt removed. The waste sand,

deprived of its valuable contents, is then thrown off onto the seabeach.

The theory of its presence in this sand is that the liquid asphalt flows

up through the underlying sliale and saturates the overlying sand

deposit. This saturation of the sand varies greatly. Sometimes there

is only 20 per cent, and again it is completely filled with the liquid

bitumen.

The fact of a continuous upward flow of this material is proven by

the existence of similar beds out under the ocean miles away from the

shore. The surface of the sea for many miles along this part of the

coast of California is covered with an oily film of this liquid asphalt

which constantly rises in many places from the ocean bed. This is the

only point of extensive production of natural liquid asphalt in the

world, and the material is almost identical with the famous product of

the old mine at Bechelbronn, Germany, long since worked out.

After this substance has been subjected to the mechanical treatment

of separation and is ready for shipment, it consists of over 98 per cent.

bitumen. It may be made iu various stages of liquidity, according to

the purposes for which it is to be used. It liquifies readily and makes

a perfect solvent for the harder asphalts. Whfen melted together the

harder, drier asphalts, absorb the flux, making a tough but elastic

cement of great adhesive power, unchangeable under normal conditions

of service. This material is now used in California for fluxing the harder

asphalts, being thought to be superior for the purpose to the petroleum

residuum. It is also used for waterproofing the foundations of buildings

and as a protection against moisture in cellars. It is first heated and

then painted on, adhering tenaciously to damp surfaces.
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An analysis of this liquid aspbaltum made in January, 1894, by

Thomas Price & Son, of San Francisco, is as follcvs:

Analysis of liquid asphaltum from Santa Barbara county, California.

Total bitumen, soluble in bisulphide of carbon
Organic matter not bituminous
Mineral matter (consisting of finely (lividcd and angular quartz, with small

quantities of oxide of iron and alumina)
Bitumen, soluble in petroleum naphtha (petrolcuc)

Per cent, total bitumen soluble in petroleum naphtha
Asphaltene
Specific gravity

Per cent.

98.20
Trace.

1.74
92.50
94.13
3.52
1.050

The substance flashes at 280° F. and burns at 39So.

The California Petroleum and Asphalt Company, which owns and

works this peculiar deposit of li(][uid asphalt, is also operating the most

extensive deposit of rock asi)halt in the State. This is at La Patera,

12 miles west of Santa Barbara, and, like the other mine, immediately

at the seaside, with facilities for both water and rail transportation.

There are several hundred acres of the deposit as far as known, and

the material is mined much in the same manner as coal. Here, as in

the other mine described, the product appears to be continually, but

slowly coming* up from below. In the drifts of the mine where they are

in solid material at a depth of 125 feet, they have to keep cutting it off

from the floor as it gradually swells up. Records kept in one drift show

that in one year of the operations they cut off 52 feet from the floor of

the drift as the asphalt j)ushed in and upward. It is not, however, soft,

but is friable and breaks readily under the pick or wedge and comes

out not unlike cannel coal.

Ledges or deijosits of this substance extend far out under the sea and

analyses show it to be the same as that half a mile inland and from the

surface to 125 feet underground, which is as deep as the present work-

ings extend.

This natural rock asphalt contains an average of GO per cent, bitu-

men as it is mined, the residue being fine silica, free from clay and

organic matter. In its natural state it contains as much bitumen as

refined Trinidad asphalt.

An analysis of the natural substance made by Thomas Price & Son,

San Francisco, shows the following

:

Analysis of natural rock asphaltum from Santa Barbara county^ California.

Per cent.

Total bitumen soluble in carbon bisulphide
Organic matter not bituminous
Mineial matter (consi.sting of finely divided and angular quartz, with small

quantities of oxide of iron and alumina)
Bitumen soluble in petroleum naphtha (petrol ene) ,

Per cent, bitumen soluble in petroleum naphtha
Asphaltene
Sijecific gra\ity

69.15
1.10

39. 75
42.50
.71.85
7.35
1.250
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At 70° F. tills material is Ixird and brittle; at 105o it commeTices to

soften; at 131° it is tougli and elastic; at 140° is soft but very elastic;

at 203° it is soft but stdl tough and elastic; and at 248° it melts but

retains its elasticity.

The paving- cement sold under the trade name of " Alcatraz" is pre-

pared by combining- the two materials—the natural rock asphalt and

the natural liquid asphalt from the two mines owned by the same

company. The combination is made at a very low indirect heat by

mechanical apparatus requiring about three hours' time and which pre-

cludes the possibility of injury. This material can be varied in per-

centage of bitumen and degree of softness or purity to suit any re-

quirement. The paving cement thus made may be mixed with sand or

limestone for street paving ; its consistency and elasticity being such

that a very high percentage of inert matter—such, as sand—can be

mixed with it and the mixture still possess toughness and elasticity.

Prepared as a cement for paving it may be shipped any distance to the

point of use and there reduced with sand or limestone, the useful sub-

stance being really in a concentrated form. Many streets have been

paved with this material in many cities, among them San Francisco,

Santa Barbara, Pasadena, and other California towns, and in Denver,

Colorado; Omaha, Nebraska; Seattle, Washington, etc.

The paving cement formed by the admixture mentioned shows: Total

bitumen soluble in bisulphide of carbon, 84.65 per cent. ; bitumen soluble

in petroleum naphtha—i:)etrolene, 61.56 per cent. ; total bitumen soluble

in petroleum naphtha, 72.48 per cent.

By combining these two natural substances in various proportions

they make not only cements for paving purposes but for lining reser-

voirs, coating iron pipe, lining canals and ditches for electrical insula-

tion, etc. Asphaltum gums are also refined for paint and varnish

manufacturers.

The asphaltum and oil fields of Kern county, though known for many
years, have only of late come into more prominent notice. As far back

as 1866 the Buena Vista Petroleum Company put up w^orks and sunk a

few wells. They came across alternate layers of shale, sandstone, and

asphaltum within a range of the first 30 feet. Open cuts were made,

and other shallow beds of asphaltum were met with. The residuum of

their small refining operations was soft asphaltum, but many difidculties

were met with and work Avas finally abandoned for a time. Freight rates

were excessive, and it was impossible to market the products. More or

less prospecting has been done in this district at different times, and

when, a few years ago, attention was again drawn to the value of the

oil and asphalt in California, operations were resumed in various parts

of the extensive oil-bearing tract. Many surface deposits of asphaltum

were found and some of them opened to a greater or less extent. The
building of a branch railroad to Asphalto, the center of the j)rincipal
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field of the district, stimulate 1 operations on the.>e deposits. The prin-

cipal company is known as the Standard Asphalt Company of California,

which commenced operations on deposits at Asphalto and Hazleton, the

latter in Sunset district. These were surface deposits of great natural

purity, but they are not now being worked, the cost of production being

too high. The method of refining was found to be rather exj)ensive.

The surface material was only about 30 to 40 per cent, asphalt, and to

get rid of the clay was so costly an operation that work on these sur-

face deposits was finally given up by the company. Quite a large

refinery was built and considerable capital invested in lands and plant.

Quite recently, however, the company has discovered a ledge or vein of

very pure asphalt, which is being opened and developed. The analysis

of the material mined from this ledge, made by Thomas Price & Son,

is as follows

:

Analysis of aspltalfiim front Kent County, California.

Bitumen soluble in carbon bisulphide
Mineral substances— sand, clay, and mica.
Cokey and volatile matter
Water and loss

Per cent.

78.90
9.40
4.53
7.17

This percentage of bitumen is exceptionally high—higher, in fact,

than in any heretofore found in California.

The vein or ledge being worked runs in a direction parallel with the

mountain range. An outcrop of soft-brown rock, similar in appear-

ance to that covering the part of the vein now being worked, can, it is

said, be traced 5 or 6 miles. Where opened, the vein is narrow at the

top and is wider in the lower part of the shafts. In some places it is

3 feet in width, and there are records of widths of 15 feet. The vein

appears to be quite clearly and distinctly defined, as far as loresent

operations show, though it has not yet been opened in many places.

It has been sunk upon for 90 feei and opened by drift from 150 to 200

feet. It is worked much like a quartz vein, and little, if any, timber-

ing is required. No blasting is necessary, as the material is quite

readily mined out.

The asphalt as mined is quite hard, and "maltha," or heavy petro-

leum oil, is used as a flux for softening it for paving i)urposes. The
material is shipped either crude in bulk in carload lots, or refined

put up in light wooden boxes holding about 100 pounds each. The
refined asphalt contains about 90 per cent, bitumen. At the refining

works the material from the mine is refined by heating and driving

off the water and volatile matter and settling some of the dross. The
crude asphalt is worth, free on board, at Asphalto il5 per ton and

the refined |22 per ton. Freight rates from Asphalto to San Fran-

cisco are $4 per ton for carload lots. To Missouri river points the

rate is $11 per ton; to the Mississippi and common points $13. The
ocean rate from San Francisco to New York is about $G to $7 per ton.
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Altliongli this is the principal company operating at Asplinlto it can

not be said that there is any large commercial product as yet, the whole

output for the past two years liaviug been only about 2,000 tons, and

much of that from the surface deposits not now worked. The work thus

far has been exploratory and experimental. Some of the asphalt from

the ledge has been used for paving in the interior towns of California.

The asphalt from the original surface deposits was used to some extent

in streets in Denver, Colorado; Sedalia, Missouri, and Chicago, Illinois.

The comi)any now, however, having about corajjleted its explorations

and experiments, expects to go into the business of asphalt produc-

tion on a large scale. It has control of the main ledge of the district.

In fact ]Dractically what asplialt is being worked at Asphalto and the

Sunset field is in the hands of this company. The others at work
there are mainly engaged in operations with petroleum.

If the experience of this company is any criterion, the future pros-

pects of asphaltum in the Asphalto district of Kern county on the

surface deposits are not as bright as first expectations led people to

suppose. Outside of this one " ledge," as far as known at present, all

the deposits are superficial, such as the Standard company first opened.

\yith these they could make no commercial success on account of the

cost of treatment. Several individuals and small companies are, how-

ever, in possession of such deposits, though little, if any, production

had been made by them during the past year.

The bituminous rock of Calilornia is quite a distinct substance from

the asplialts thus far spoken of. Bituminous rock is a natural mixture

of asphaltic oil and sand, found in large quantities and extensive

deposits in California in all degrees of richness and consistency. The
various deposits show all grades of sand, from the finest to coarse

gravel, and frequently with large percentages of loam, with all gravities

of oil from light to heavy. It is i)repared for street pavement by merely

softening by heat sufficiently to spread and roll upon the street; with a

material of good clean sand and a heavy oil very good results, indeed,

in street paving are reached and it has come into extensive use in

California in all the larger cities and towns. The production of bitu-

minous rock in California has reached as high as 75,000 tons in a year,

but the average may be said to be now between 30,000 and 40,000 tons a

year, depending, however, more upon the demand than upon the resources
of the mines themselves. Such is the general nature of the deposits

now being worked that the supply can readily be increased as desired.

The value of bituminous rock at Santa Cruz, Santa Cruz county, the

source of the largest portion of the supply, is $3.50 per ton; at San Luis

Obispo, in the county of the same name, it is worth $2.25 to $3; at

Kings City, Monterey county, it is $3 per ton. The standard price in

San Francisco in 1893 was $G per ton. In 1894 the standard price com-

menced at about $4.75 per ton. During 1893 the supply was reduced

from that of the previous year by reason of the lack of demand due to
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the generally depressed condition of business, there being less required

for street-paving i^nrposes.

Utah.—Including ozokerite and asphaltic limestone the production in

Utah in 1893 amounted to 3,200 short tons, worth $90,000 at the

mines. In the production of gilsonite or gum asphaltum the operators

labor under the disadvantage of having to haul the laroduct from CO to

90 miles in wagons to railroad transportation. Owing to the very pure

nature of the gilsonite, there is a good demand for it even at the great

cost occasioned by heavy transportation expenses. The market for

asphaltic limestone, owing to the cost of railroad transportation, is nec-

essarily restricted to inland cities. It is used in Denver, Salt Lake
City, and other western cities for street paving, but is shut out of the

market in the eastern and southern cities by the lower cost of Trinidad

asphaltum and from the Pacific coast by the bituminous sandstones of

California. The Uta>h gilsonite is used in the manufacture of black

Japan, and other varnishes, and insulating compounds of various

kinds. Some of the ways in which gilsonite is emjiloyed are:

For preventing electrolytic action on iron plates of ship bottoms.

For coating barbed wire fencing, etc.

For coating sea walls of brick or masonry.

For covering paving brick.

For acid-proof lining for chemical tanks.

For roofing pitch.

For insulating electric wires.

For smokestack paint.

For lubricants for heavy machinery.

For ]3reserving iron pipes from corrosion and acids.

For coating poles, posts, and ties.

For teredo-proof pile coating.

For covering wood-block paving.

As a substitute for rubber in the manufacture of cotton garden hose.

As a binder pitch for culm in making brickette and eggette coal.

As an insulator gilsonite is unsurpassed. Mr. H. L. A.. Culmer, sec-

retary of the Wasatch Asphaltum Company, states that an electric cur-

rent of 12,000 volts has been tried on a covering of one-eighth inch

thickness, with perfect insulation. It is diflScult, in fact practically

impossible, to form any accurate estimate of the amount of asphaltum

which goes into the various manufactured articles. The producers

dispose of their product to manufacturers and are unable to furnish

any more detailed information.

Kentuclcy.—The entire product from Kentucky is bituminous rock,

a sandstone impregnated with bitumen and is used exchisively for

street paving. The output in 1893 was 1,929 sliort tons, valued at

$6,570.
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Texas.—The owners of the extensive deposit of litho-carbon in Uvalde

county had not commenced active mining at the close of 1893. They
were engaged, however, in putting in the necessary machinery for

developing the property and expect before the close of the current year

to be mining about GO or 70 tons daily. The mineral here found is a

bituminous liiuestone, the limestone being in the nature of shells, the

original forms of which are still maintained. The rock contains from

15 to 33 per cent, of bitumen, the average being about 20 per cent.

The refined product is said to possess x)ecu]iar properties, tlie most

important of Avhich is elasticity, making it in this respect somewhat of

the character of elaterite.

COMMERCIAL APPLICATIONS.

The commercial applications of asjphalt in this country are for road-

ways, walks, roofs, and floors, in the form of compressed asphalt and
mastic, varnish, and paints, waterproofing compositions, roofing felts,

insulators, bituminous masonry and concrete. By far the larger por-

tion of the supply is imported, mostly from Trinidad and is used for

the purposes first named and especially for roadways.

It is not possible, with the facilities afforded in the preparation of

this report, to ascertain the amount of asx^haltum, either domestic or

imported, which goes into the various manufactured articles. Com-
liared with the amount used for street paving, the quantity made into

varnishes, insulators, etc., is small, but nevertheless the industries are

important ones and the value of the dilferent products reaches a very

high figure.

Asphalt varnish.—Asphalt varnish is generally made from those

varieties which are free from any notable amount of mineral matter,

such as glance pitch and gilsonite. It is a combination of asphalt, tur-

pentine, and boiled linseed oil, combined in' such proportions or with

such additions as each manufacturer has learned to be desirable and
which he retains as a trade secret; three of asphalt to four of boiled oil,

with fifteen to eighteen parts of turpentine is a common formula.

Asphalt felt and roofing.—For the production of asphalt felt and
roofing Trinidad j)itch is in general use. It is refined and mixed with

that portion of the residuum of the refining of petroleum known as

wax tailings. Felt is saturated with this material by machinery, and
a similar varnish or paint is sui)plied for subsequent application after

the felt is in place.

Asphalt felt possesses an advantage over coal-tar felt in that it does

not become brittle with age or through the action of heat.

Chemical constitution.—Asphalt in its appearance and chemical com-

position varies very much according to the different localities where it

originates. It is a mineral pitch, amorphous, of very varying consist-

ency, most of it readily affected by changes in temperature, lustrous

when pure, molts at about the temperature of boiling water, evolving
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a characteristic odor, burns with a sooty, smoky flame, and is soluble

in carbon bisulphide, and more or less in turpentine, petroleum

naphtha, ether, benzol, alcohol, etc. It has a someAvhat conchoidal

fracture and usually presents all the characteristics of viscous flow in

a very perfect and interesting way. Chemically it consists of hydro-

carbons, in regard to which there is nothing absolute known. In

Trinidad asphalt there are mixtures of paraffins and olelines, with a

very small proportion of oxygenated compounds, in most of the latter

the oxygen having been replaced by sulphur. Many of them are

easily changed and j^olymerized by heat or more slowly by time. An
examination of Trinidad pitch extending over several years in the

laboratory of the Engineer Department of the District of Columbia

has furnished a fair understanding of the nature of this asphalt, as

well as some knowledge of several other deposits. The results of

these investigations are to be found in the reports of the Inspector of

Asphalt and Cements of the Engineer Department, District of Colum-
bia.

ORIGIX AND HISTORY OF THE PAVIXG INDUSTRY.

Although the application of asphalt to industrial purposes on a

small scale dates back to the earliest times, it is only with the intro-

duction of rock asphalt pavements into Paris about thirty-five years

ago that the asphalt paving industry can be said to have originated.

In 1838 the first sidewalks were laid in Paris with bituminous lime-

stone from Seyssel and Val de Travers. In 1849 Mereau, a Swiss engi-

neer, noticed that at the quarries, pieces of the rock which fell from

the carts were united under the influence of heat and traffic, so as to

form a coucrete mass, and on this principle he constructed a road in

the village of Travers upon a macadam base. M. Darcey, inspector-

general of bridges and roads in Paris in 1850, made a report recom-

mending the use of compressed asphalt, and after some experiments a

pavement of this material was laid in the iiue Bergere in 1854. In.

1858 another trial was made on a larger scale in the Eue St. Honore,

and from that time on the Parisian asphalt pavements were laid. In

London the first asphalt was laid in Threadneedle street in 18G9. In

Paris there are about 370,000 yards of asphalt pavement, and in London
about 350,000. But the amount has not increased of late years, owing

to the slipperiness of this form of asphalt surface. In Berlin the first

asphalt pavements were laid about 1873 or 1874, and since then very

large amounts have been put down, reaching about 1,221.000 square

yards. Pavements of this description have never been j^opular how-

ever, in America.

The success of asphalt pavements in Europe led to much experi-

menting in this country, and at first coal tar was used as a cementing

material. Between 1870 and 1873 a large area of such pavements

were laid in Washington, a majority of which proved worthless, and

grave suspicion was thrown upon coal tar as a cementing material. In
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1870 De Smccit began experimonting witl) Trinidad asplialt with a

view to overcoming the defects of coal tar and laid a sample i)avement

in Newark. He took ont a patent for his invention. In 1871 or 1872

he laid an asphalt pavement around Battery Park, New York, and in

1873 one on Filth avenue in front of the Worth monument, which
remained in use, with one or two resurfacings, until 1886. At about

the same time Trinidad asphalt was laid in Philadelphia, on Sixth street,

in front of Independence Hall. In 1874 or 1875 Eighteenth street was
paved with Trinidad asphalt between Fourth avenue and Irving Place,

as were several other New York streets. The pavements were success-

ful and attracted much attention. In 1876 Congress passed an act

jiroviding for the i)aving of Pennsylvania avenue in Washington, under
a commission composed of Gen. H. G. Wright, Gen. Q. A. Gilmore, and
Architect Edward Clark of the Capitol, with no restrictions as to price

or kind of pavement. The two former gentlemen, of the Corps of

Engineers, U. S. Army, had been stationed in New York and had noted

the success of the asphalt surfaces. The board therefore decided to

lay compressed asphalt, and divided the Avork in two parts, using rock

asphalt from the Capitol to Sixth street and Trinidad asphalt for the

remainder.

The rock was imported from the Val de Travers mines and the work
done by tlie New York Neufchatel Asphalt Company, of which Matthew
Taylor w^as president. The contractor for the Trinidad surface was the

New York and Grahamite Asphalt Company, with which De Smedt
was connected.

The rock asphalt pavement was condemned as being " too slippery

for practical use," and no more of it has been laid in Washington.
The Trinidad asphalt was a success and was so satisfactory that

when the permanent Board of Commissioners was organized in 1878

they decided to limit the pavement of streets to Trinidad asphalt,

except where grade or traffic were prohibitory. There are now
1,767,242 yards of asphalt surface in the city.

At that time Mr. A. L. Barber entered the business of laying asphalt

pavements, meeting for the first few years a keen competition, which
made it unprofitable and forced most of those engaged to retire. Mr.

Barber, however, persevered, and by harmonizing and uniting the inter-

ests and increasing prices brought it to a paying basis and introduced

this form of pavement to the other large cities. In 1882 he laid a pave-

ment in Buffalo, New York, which is still in fair condition. He also

laid pavements in Omaha, Nebraska, and Youngstov^n, Ohio.

In the year 1883 the Barber Asphalt Paving Company was incorpor-

ated, and in that year pavements were laid in Washington, Baltimore,

Philadelphia, Boston, Buffalo, Erie, Omaha, Saint Louis, and Louisville.

Since that time thtVasi^lialt-paving industry has gradually expanded
until this company alone has laid about 6,000,000 yards of surface in

thirty-three cities, and during the past year (1893) laid 1,019,&64 square

yards.
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Other companies, most notably the Warren-Scharf Asphalt Paving
Company, were organized after the Barber Asphalt Paving Company,
and have constructed considerable asphalt surface iu various cities, so

that the entire number of square yards in this country at the close

of 1893 was 14,670,286, with an aggregate length of 962 miles.

Intimately connected with the history of the developme^it of the

asphalt-paving industry is that of the source of supply of the crude

asphalt.

Trinidad asphalt.—The island of Trinidad lies off the coast of Vene-

zuela, near the mouth of the Orinoco. Two promontories extending

toward the mainland nearly inclose a body of water called the Gulf of

Paria, on the shore of which, being the west coast of the island, lies the

deposit of pitch which has supplied the asphalt for our pavements. In

the crater of an old mud volcano, 138 feet above sea level and about a

mile and a half from the water, lies the pitch lake, so called, a nearly

circular mass of pitch of an area of a little more than 114 acres and of

uncertain depth. Soft pitch still wells up at the center of the lake,

but it soon becomes hard, and over nearly the entire surface one can
walk with ease, except where interrupted by deep pools of water which
lie between the mushroom like masses of pitch into which the lake is

divided.

In past times it appears that the continued welling up of pitch at the

center of the lake filled the crater and caused it to overflow toward the

sea, especially on a line toward the village of La Brea in an easterly

and northerly direction. This pitch mingled with tlie soil, and, together

with other deposits of similar nature, but different origin, forms another

source of supply, and in commerce we thus meet two varieties called

" lake pitch " and " land intch " or overflow asphalt. In the early days
of the industry the pitch lake was leased by the Crown, Trinidad be-

ing a Crown colony of Great Britain, in 5-acre lots under certain regu-

lations for fourteen years to the highest bidder, one lot being reserved

forthe colonial government. The leases were held by diverse interests in

Trinidad, London, and Kew York, and competition was extremely keen

between the holders. Mr. Barber, with a view to increasing the trade

instead of ruining it from the producer's standpoint, as seemed then i)rob-

able, brought about a unification of interest between the principal ship-

pers. This succeeded very well until, in 1885, the government announced

its intention of entering the market with the pitch from its reserve lot.

The lessees of the other lots claimed that the government had only

the right to employ the asphalt for its own use and not to sell it, but

the case was decided against them. At this time, howeVer, several

persons interested in the industry proposed to the colonial govern-

ment to lease the entire pitch lake for a long term of years on a guar-

anteed minimum payment which would yield more revenue to the

colony in one year than it had previously received iu fifteen. After con-

siderable negotiation the proposition was accepted, and a concession

issued from February 1, 1888, The original concessionaires then S0I4
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their rights under the concession to the Trinidad Asphalt Company, a

corporation organized under the laws of the State of New Jersey, and

this company proceeded to purchase all the available land about the

lake so that they should control the deposits of land i)itch, and this

they were able to do with the exception of some few small lots in the

village of La Brea. The Crown at the same time by the terms of the con-

cession agreed not to allow the removal of aay pitch from crown lands.

The source of supply being thus assured and protected from dis-

astrous competition, and the industry developing rapidly in conse-

quence in the United States, the exports of x)itch from Trinidad in-

creased. In 1891 the terms of the concession were slightly moditied,

and the original term of twenty-one years was extended for a possible

additional period of the same length.

Following is a statement of the exports of asphalt from Trinidad up
to 188G, most of which apparently came from the pitch lake, according

to the harbor masters' reports

:

Exports of asphaltum frovi Trinidad from 1867 to 1SS6.

Tears.

1867.
1868.
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.
1886.

Total

.

To America. To Europe.

Ions.
700
200

2,953
828

2,U'i:

746
711

1,100
3,979
1,441
5,860
9,078
7,178
8,525

15, 075

24, 781
19, 685

15, 704

25, 835

146, 521

Tons.
3,027
1,325
5,297
5,857
3,222
9,854
6, 913
9,204

13, 632
11, 715
11, 576
9,926

13, 633
15, 614
17, 753

14, 878
15, 025
17, 913
19, 040
11, 298

216, 702

Total.

Tons.
3,727
1,525
5,297
8,810
4,050

11, 998

7, 659
9, 915

14, 732
15, 694
13. 017
15, 786
22,711
22, 792
26, 276
29. 953
39, 806
37, 598
34, 744
37, 133

363, 223

Since 1886 the amounts of lake or land pitch have been separated.

From the lake were exported

:
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In the first table the records are of amounts sLipped from Trinidad

during- the year named, one ton of ejmrce, or refined asphalt being

counted the same as a ton of crude. In the second table the figures

are those of amounts landed in the countries named, and one ton of

epuree is counted as a ton and a half of crude.

These figures show how enormously the consumption of Trinidad

pitch has increased, and especially since the business was put upon a

firm foundation at the time of granting the concession. As, however,

the concession limited the supply and right of shipping pitch to the

concessionaires, it was natural that those outside should look for some

mean^ of competition. Their only resource lay in the deposits of laud

pitch on iDrivate lands which had not been acquired by the Trinidad

Asphalt Company or by poaching on Crown land or from land of other

parties.

Early in the shipment of asphalt to this country for pavements there

was probably a certain amount taken from the Point d'Or estate, but

digging from the lake was so much easier that the land deposits were

scarcely a commercial factor until the lake was nionoi)olized. The first

excavation for land pitch in the village of La Brea was begun in 1886

by Messrs Turnbull, Stewart & Co. on land of the Countess Dundon-
ald, very near the sea. They followed this up with work upon various

other lots, the nearest being about 3,000 feet from the pitch lake.

Others soon began shipments, and a great increase in the amount of

village pitch dug took place. Encroachment on Crown land and upon
property to which fictitious titles had been passed enlarged the field

of operation, and the courts of Trinidad, which, on subsequent inquiry,

were pronounced unjudicial in their method, failing to put a stop to

this, considerable land pitch was brought to the United States, not,

however, exceeding 70,000 tons.

In July, 1889, a cargo of land pitch was discharged in Washington,

which was condemned as not suitable for paving purposes, as it did

not compare favorably with that from the lake. The grounds of this

condemnation were that it contained cokey matter and chocolate and
iron pitch, which are of no cementitious value, and that the bitumen of

even the better portion was decidedly inferior to tliat of the lake asphalt,

having a higher softening point, less of the lighter oils, and requiring

a larger proportion of petroleum oil to produce a cement of the proper

consistency.

With the short amount of experience in the scientific examination of

asphalt as a cement, extending at that time over less than three years,

some suspicion had been previously cast on land pitch, but so little was
known in this country as to the true relation of the lake and land

deposits that it was not until the very inferior and plainly indifferent

quality of the cargo of the Teneriffe revealed the difficulty that the sub-

ject began to be thoroughly investigated.

The shippers of the land pitch were naturally indignant and assured

the authorities that there was no difl'erence between the asi)halt from
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the Teneriffe and from previous cargoes and, although the examinations

and demonstrations in the laboratory convinced the engineer dei)art-

ment of the District of Columbia that there was such a difiference, the

cargo of the Teneriffe was finally accepted, owing to an uncertainty in

regard to the specifications, but with a provision that no more of this

asplialt should be brought to Washington, and since that time none
has been used there. Those interested in land pitch continued, how-

ever, to ship it to this country, and companies were formed for laying

pavements with it. The struggle for the maintenance of the equality

of the lake and land pitch was very active in 1890, 1891, and 1892, but

with the failure of streets in Denver and New York, laid with land

pitch, and with the reorganization of the courts in Trinidad, by which

the terms of the concession were enforced, thus narrowing down the

available supply, the question has ceased to be so important. Conclu-

sive chemical and physical evidence was obtained by careful examina-

tion of the deposits in the field and laboratory, and during the past year

no land pitch has been shipped to this country for paving purposes.

The Trinidad Asphalt Company, that is to say the concessionaires,

ships large amounts of lake pitch to this country and after refining it

supply such companies or persons as are believed to be suflQciently

experienced to lay asphalt pavements which shall not be a discredit or

prove injurious to the reputation of the industry. From its origin

until 1887 the asphalt paving industry was conducted in a purely

empyrical manner, but from that time to the present several chemists

have made a special study of asphalt and its application and the

improvements which have resulted are shown on later pages where
the technology of the industry is described. It can certainly be said

to be carried on, at least by the best companies, in as rational a manner
and with as thorough an understanding of methods of control as many
other industries. There yet remains, however, much to learn, as, for

example, the adapting of the surface mixture to variation in traffic,

climate, and other changeable conditions.

TECHXOLOGY OF ROCK ASPHALT.

The principal mines of asphalt rock are at Seyssel, Department de
I'Arn, France; Yal de Travers, Neufchatel, Switzerland^ Eagusa in

Sicily, and in Germany at Vorwohle and Limmer.
Following is the composition of several of these rocks: {a)

Analyses of various crude asphalts.
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The mere relation of bitumen to carbonate of lime may prove mis-

leading as much depends on the character of the asphalt and of the

limestone, whether gritty or soft and spongy. The granular varieties

are the best, while it is also very important that the bitumen should

not contain much oil volatile at temperatures below 400° F.

The nature of the bitumen may be learned by heating the powdered

rock to 400° F. for several hours and noting the loss, and on remov-

ing it with solvents, especially carbon disulphide, the character of the

limestone is revealed.

A bituminous limestone to be suitable for paving purposes should be

as coars .-grained as possible, should contain between 9 and 10 iier

cent, of bitumen soluble in carbon disulphide, and should volatilize

very little at 400° F.

The best rock asphalt is said to come from the Seyssel mines, and

these will serve as an illustration of how the material is obtained and

prepared for use.

There are eight strata of bituminous rock at these mines separated

by beds of ordinary white limestone. One of the strata, about 100

feet above the level of the Rhone, is 23 feet thick. Galleries are driven

through this, reaching more than 7 miles in length, it being the largest

known bed of asphaltic limestone.

The rock, as it comes from the mines at a temi^erature of from 53°

to 55° F., is carried by rail to the crushing plant, care being taken not

to expose it to sun or rain and not to pile it up so that crushing and

loss will ensue. The heat of the sun even in winter warms the rocks

too much for good results in the crushers, and the absorption of rain-

water makes it difficult to work.

The blocks of rock are crushed to egg size by rollers revolving at

different speed and provided with teeth. These pieces are reduced to

powder in Oarr6 disintegrators and this sifted to uniform fineness, and

is then ready for application to paving purposes.

Bituminous limestone pavements are laid upon a hydraulic cement

base from 15 to 20 centimeters thick, in this country usually 6 inches,

the base being quite the same as with Trinidad surface.

The powdered limestone is dropped through a hopper into a revolving

cylinder like a coffee roaster about 6^ feet in diameter and which is

surrounded by a chamber the air of which is heated by a movable fur-

nace placed just below the cylinder. The cylinder itself revolves and

being provided with blocks arranged in screw form, the powdered

rock is well mixed with the hot air and thus thoroughly heated to a

temperature of about 300° but not higher than 350° F. The capacity of

the heaters is quite large, working nearly 2 tons every fifteen to twenty

minutes. When the powder is warm enough the furnace is removed

from under the heater and a cart replaces it into which the asphalt

powder is discharged and hauled upon the work. It will retain its heat

for several hours and so admits of being carted while hot a loug dis-
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^ance, doing away with the necessity of having roasters at the point

where the surface is to be laid, as was at one time the practice.

The heated powder is spread ui)on the base with shovels and raked

with hot rakes to a uniform thickness about 40 per cent, greater than

that required in the finished pavement. This must be done with great

care in order that the material, which while hot has a great tendency

to selfcompaction, may not be denser in one spot than another.

The joints and edges are first compacted and united with hot irons

made for this purpose, after which the whole surfece, while still hot, is

rammed with round ramming irons, 6 to 8 inches in diameter and 50

pounds in weight, in the hands of a number of men. It is thus pre-

pared for rolling, which is done with iron rollers heated by an internal

basket of burning coke or coal and varying in weight from 800 to 1,800

pounds. This is continued in different directions until a solid surface

is obtained. If any elevations or deoressions are noticed the former

are tamped out with irons and the latter removed by filling in with

some hot powder.

The surface of the street is then smoothed and polished to make it

pleasing to the eye and to close up the pores upon the surface by
softening the bitumen.

The asphalt cools in a few hours and the street can soon be thrown
open to trafiic. For from eight to fourteen days the appearance is

more or less unsightly, but traffic soon gives the street its customary
appearance and gray color, instead of the original brown.

Considerable compression is also found to be brought about by traffic.

MASTIC. '

Another form of asphalt pavement, known on the continent as as-

phalte Goule in distinction from the preceding called asphalte comprime,

is known here as mastic. It has been chiefly used for sidewalks, of

which in Paris there are about 5,000,000 square yards. The rock after

having been powdered as for the previously-described process is put in

round kettles in which about 8 per cent, of its weight of refined Trini-

dad asphalt has been melted. It is thoroughly mixed with this at

about 280° F. for five hours and is then run into molds where it is formed
into square or hexagonal blocks of about 50 pounds weight, bearing
the name of the source of the rock. From these, which are supplied to

the trade for the purpose, the mastic surface is prepared as follows

:

The cakes are broken up to a small size and reheated with the ad-

dition of bitumen, composed of Trinidad refined asphalt, oiled with
petroleum or with Jieavy coal-tar oil. This addition is necessary to

make the asphalt rock melt which it would not otherwise do. The mass
is constantly stirred and when soft a certain proportion of sand and fine

gravel are added and the mixture cooked with stirring for about two
hours, at a temperature of 300° F. and over. Great care must be exer-
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cised in this operation to avoid burning and to obtain a thorough mix-

ture in the right proportions which are

:

Composillon of maatio pavement.

Mastic
Bitumeu
Fine gravel and sand.

Pounds.

60
4 to 8

36 to 32

From the kettle the hot mastic is carried to the base in buckets, and

being of a consistency to flow slowly, is poured out upon the founda-

tion. It is spread to the desired thickness, five-eighths of an inch for

sidewalks, with a wooden trowel, smoothed with wooden floats, and

rubbed down with rather coarse quartz sand. When cool, it is ready

for use.

THE ASPHALT-BLOCK PAVING INDUSTRY.

The manufacture of paving blocks from crushed stone and Trinidad

asi)halt was begun in San Francisco in 18G9. The appliances in use

were of the crudest description, including hand molds, in which the

poorly-prepared mixture was placed and compressed by hand, the

quality of the resulting block of course being inferior and the quantity

too insignificant to meet any large demand. They served only to attract

attention to the subject and considerable capital was sunk in the bus- <

iness, especially between 1876 and 1881, when a large number of plants

were put in operation all over the country which were not successful.

In 1881 the International Pavement Company was organized and the

business put upon a better basis, but it is only within recent years

that blocks have been made on rational principles and in a manner to

compare with sheet surface. The first blocks were laid in Washington

in 1878 and these were replaced in 1888. Now there are 288,226 square

yards in that city, and much more jn Baltimore and Philadelphia.

Factories are in operation in Hastings, Ii^ew York; Camden, New
Jersey; Philadelphia, Norristown, and New Castle, Pennsylvania; Bal-

timore, Maryland; Washington, District of Columbia; Fort Payne, Ala-

bama ; City of Mexico, Mexico, and Sydney, New South Wales.

Over 250,000 square yards of blocks were laid in the years 1892-'93,

and over a 1,000,000 yards are now in use.

TECHNOLOGY OP THE ASPHALT BLOCK INDUSTRY.

The method of manufacturing asphalt paving blocks now in vogue

consists of crushing trap, or other hard rock in any of the ordinary

forms of crusher, then passing it through rolls in a mill such as is used

for crushing ore until it will all pass through a sieve of one-quarter-

iuch mesh, and about one-third of it is reduced to powder. To this is

added 10 per cent, of powdered limestone, which is produced by
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crushing limestone in a special crusher provided for this purpose, and
grinding- the crushed material in an emery mill so that all of it will pasa

a fifty-mesh sieve and 75 per cent, a hundred-mesh sieve.

The mixture, made in the proper proportions, is carried by conveyors

to a heating drum, where, while being slowly rotated, it is heated to

about 300O Y.

A weighed portion of t?ie hot aggregate is then mixed with 13 per

cent, of asphalt cement prepared from Trinidad lake asphalt in exactly

the same manner as that for use in sheet surface, except that the con-

sistency is much harder, the penetration being about 40 degrees as

compared with 70 degrees for the sbeet surface cement.

The mixing is done in a double-bladed pug mill quite like those men-

tioned in connection with the sheet surface i)lants. The hot mixture is

dropped into a hopper from which it is supplied to the mold of the

press. The press subjects the mixture to a x)ressure (»f 130 tons on the

4 and 12 inch face of the block, or about 5,400 pounds to the square

inch, the resulting block being solid and homogeneous 4 by 12 by 5

inches in dimensions, and weighing about 23.5 to 24 pounds as now
made, according to the rock in use.

The ijress delivers them upon a conveyor, which carries them imme-
diately under water to cool them, whence, after traveling GO feet, they

are removed in a condition for stacking.

A suitable plant, consisting of boilers, engines, crushers, rolls, stone

heater, mixer, press and carrier, refining and melting tanks, elevators,

shafting, and all necessary appliances, weighing in all about 100 tons,

will cost, with suitable building, from $35,000 to $40,000, according to

locality. This would be known as a single-press plant. The largest

plant hitherto erected is a double-press plant at Camden, New Jersey,

which, with substantial brick building, cost $90,000. One at Newcas-
tle, Pennsylvania, cost $80,000, and one in the City of Mexico, including

a large lot of land, $180,000 in Mexican silver.

Owing to the depth and weight of each asphalt block no hydraulic

concrete foundation is usually required. Gravel to the depth of 4

inches and sharp paving sand to tlie depth of 3 inches afford a

thoroughly reliable foundation when i)roperly laid. This ijavement

also possesses the advantage that it can be taken up. and replaced

without great expense, and if the work is carefully done it will be
practically as good as ever.

The great weight of the blocks forbids transportation to any distance,

so that the establishmcAit of a x^lant at the locality where they are to

be laid seems to be essential to economy.

THE TECHXOLOOY OF TRINIDAD ASPHALT PAVEMENTS.

The crude pitch is shipped from La Brea in Trinidad in both sailing

vessels and steamers. The latter to New York and the former to Phil-

adelphia and WashingtoH, where large refineries are situated. Several
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other reflueries have handled hmd pitch in past years; but with the

decline in the demand for this form of pitch and stoppage of its export

to this country they now do little, and refining is confined to that of

lake pitch under the control of the Barber Asphalt Paving Company.
The crude pitch on the voyage from Trinidad, by a pure viscous flow,

runs together into a compact and solid mass, and it must be picked out

of the hold of the vessel in the same way as originally from the lake.

It seems in no way sticky, but flakes off readily with the pick, and in

cool weather can be crumbled with the fingers, while in summer it pre-

sents all the phenomena seen at the lake, being both easily flaked like

ice and yet slowly taking the impression of the heel and bending when
not too sudden pressure is applied.

Dumped for storage In a heap it solidifies in a few days, and then

begins to spread in every direction unless restrained, and when of any

depth it takes a strong barrier to withstand the pressure. In practice

this tendency to run about is counteracted by heaping it in the form of a

hollow cone, where the tendency is more to flow into itself than out-

ward, so that if the material for refining be always taken from the

middle there is little spreading. If this is not done with the richer

lake asphalt the labor of several men is required daily in shoveling

the pitch back upon itself.

Originally refining was carried on at La Brea, as now, when e;purSe

or refined asphalt is exported, in ordinary open cast-iron sugar kettles.

Of course the quality of the asphalt is much injured in this way.

In this country the earlier refineries were upright cylindrical kettles

about 7^ feet in diameter and 1^ feet deep, holding 10 tons of crude

pitch. These were heated from beneath by a coal fire, from which the

kettle was protected by a brick arch, the products of combustion

being conducted by flues around the sides of the kettles or vstills.

They were provided with conical covers, which could be lifted on, thus

enabling the vapors and gases evolved from the pitch to be exhausted

and consumed where it was thought objectionable to allow them to

escape.

In this form of still the refining process was slow and occupied

from one hundred and twenty to one hundred and forty hours, and as

the plant became deteriorated, much longer; sediment collected on the

bottom and caused much waste of fuel and the burning out of the still

itself. At several refineries the upright were replaced by rectangular

horizontal kettles, which furnished a larger heating and a greater

evaporating surface. Some of these were provided with cylindrical

flues passing through in the direction of the longer dimension.

In a few places these kettles are in use to-day. They are generally

about 6 by 6 by 12 feet in size, but have been made as large as 20 by
10 by 10 feet, and hold from 15 to 60 tons of refined material. The
smaller forms seem most economical.

For refining lake pitch for paving purposes the open kettles began
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to be abandoned about 1888 or 1889, and tboir place was filled by cylin-

drical flue boilers, the only opening" to tlie air being three manholes

2 feet in diameter, wliich can be tightly closed. Their dimensions are,

length 20 feet, diameter 10 feet, the two flues being 18 inches in diame-

ter and running through the stills at a height of 4 feet at centers.

Larger stills than these, reaching 30 feet in length and of the same
diameter, have been constructed, but they possess no advantages. The
cylindrical stills hold about 30 to 35 tons of crude asphalt, and after

recharging, as the refining proceeds and the crude settles, yield iu

refined material an equivalent of 62 to 65 tons of crude.

Ti\e firing of these stills, which are set up in brickwork and sur-

rounded with loam to prevent radiation, is so arranged by a series of

flues that the heat of the fire passes first along one side of the still

then back along the other, repeating this at a higher level, then through

one flue in the still and back through the other, and finally under the

bottom. In this way overheating on the bottom is prevented and bet-

ter results are obtained in evaporating the water from the upper layers

of crude material.

Asphalt is such a viscous material, even when melted, that convec-

tion currents move very slowly and necessitate some such provision,

otherwise the crude pitch lying against the bottom would be coked

before the upper portions had melted.

With this improved form of still the time of refining was considerably

reduced and the quality of the product improved.

After some years' practice of this method of refining an advance was
made by introducing agitation of the asphalt during the process, so that

all portions should be uniformly heated and better opportunities given

for evaporation of the water. This was accomplished by the use of a

steam pump, which forces a large current of air into the stills from the

time the pitch is first charged in until the refining is finished. In

this way the time of refining and the possibility of injury to the asphalt

were again reduced. In all these methods of refining firing with a

coal fire has been the source of heat. Within the past year a departure

has been taken from this practice and steam refining has been success-

fully introduced into the industry, promising to be a great success.

Instead of the large stills smaller rectangular kettles are used, hold-

ing about 25 tons. These are provided with large gangs of pipe for

the circulation of steam at a pressure of about 100 pounds per square
inch. At the same time there are provisions for the thorough agita-

tion of the mass by dry live steam from the same source issuing directly

into the asphalt through pipes with small perforations. The return of

the condensed water to the boilers is accomplished by the steam loop,

or other effective devices.

The entire process goes on with great regularity aad celerity, a charge
of 25 tons being finished or, "off," as the term is, in about twelve hours,

instead of one hundred, as in the old method.
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A nuicli smaller plant, of one still of 25 tons capacity, can do, tliere-

fore, the same amount of work, with economy of space and expense,

as probably three of the large cylindrical stills. This process is being

slowly substituted for the older ones, and seems to be the most impor-

tant step forward for the asphalt industry in 1893.

Eefining asphalt consists primarily in removing the water which it

contains, amounting to about 28 per cent. At the same time vegetable

matter rises to the top of the melted pitch and is skimmed off. Some
oil is lost, being carried over with the steam, and where no agitation

is used considerable of the heavier mineral matter settles out.

The amount of oil is very small, probably not exceeding 1 per cent.,

but depending somewhat on temperature.

In the old method of refining the amount of sediment was quite large,

sometimes reaching 10 j)er cent. It, of course, retained much good

pitch, which was a total loss. With agitation this is all retained in sus-

pension, and, as it is just as desirable for a part of the surface mixture

as the sand which is eventually added, and perhaps, from its state of

division and intimate mixture with the asphalt, more valuable, it can

not be considered an injury to the finished product to retain it. The
temperature reached in refining varies with the process employed. It

should not exceed 400° F., but with the cruder method frequently

reached 500°. With the more modern methods excessive temperatures

are avoided, and with steam, of course, no part of the mass can become
hotter than that of the steam employed.

The refined product, if for local use, is generally converted into cement

in the still, but if intended for shipment, owing to the difficulties of

transporting asphalt cement, due to its susceptibility to high temper-

atures, it is run off into old cement and flour barrels, which are filled

half full, allowed to solidify, and then topped oft', as the barrels when
tilled up at once can not be coopered sufficiently tight to prevent

excessive leakage.

ASPHALT PAVING CEMENT.

Refined Trinidad asj)halt is in itself too brittle and hard to be used

at once as a cementing material. To j^repare it for such a use a certain

amount of heavy petroleum oil is mixed with it.

Heavy -petroleum.—In the early days of the paving industry it was
found that the residuum from the distillation of crude petroleum,

obtained in producing illuminating oil, was the most suitable material

for giving the desirable consistency and viscosity to refined asphalt.

The use of this heavy oil is still continued, but as the by-products were

very variable in character, and as no particular attention was paid to

making a residuum suitable for paving purposes, there was a great

deal of difference in asphalt cements nominally prepared in exactly

the same way. With the extension of the industry the demand for

heavy petroleum oil or residuum became large enough for the refining
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companies to find it profitable to make a uniform produce for tliis

special purpose, so that now a very uniform oil is obtained.

The desirable characteristics of residuum are that it shall contain but

little oil volatile below 400° F., in order that loss may not occur daring

the making of the cement, and more especially that there may be no

change in the consistency of the cement (owing to loss of volatile ]}to-

ducts) while it is melted and in use. At the same time the residuum

should not be too dense, for then too much of it is required to obtain a

cement of the x)roper consistency. It should not contain large amounts
of hard scale paraffin, for in this case, while it may be of suitable nature

for making cement at ordinary temperatures, it is susceptible to changes

and makes the resulting cement too brittle at low temperature and too

soft in the heat of hot summer sun. The more the oil is of a vaseline

nature the better it is. While the oil now in use is a great advance

over that of some years ago, there still seems to be room for improve-

ment.

The character of an oil may be learned by determining

—

1. Specific gravity.

2. Flash point.

3. Percentage volatile in seven hours at 400° F.

4. Susceptibility to changes in temperature as revealed by changes

in viscosity.

5. Presence of crystals of paraffin scale.

Residuum oil is added to the refined asphalt in the proportion of 16

to 20 pounds of oil, depending on its character and more or less on how
the pitch has been refined, to 100 pounds of refined asphalt. Before

mixing, the asphalt is raised to a temperature of 300° F., or thereabout,

and to produce rapidly a smooth mixture the oil should be heated as

hot as is convenient. The oil is then pumped or in other ways added
to the still, and the mixture agitated for several hours with a current

of air until it is quite homogeneous. This agitation must be done with

great thoroughness to insure a uniform cement, and must be continued

whenever the material is in a melted condition, as a certain amount of

separation takes place when the melted cement stands at rest. It is,

therefore, customary to agitate it constantly with an air blast when
in use as well as in its preparation.

While it is known about how much of any particular lot of residuum

must be used to make a suitable cement, a better scientific control

must be exercised to obtain the desired accuracy and uniformity,

and as a means of keeping a record of the character of the cement in

use in any particular locality. For this purpose the penetration

machine, invented and patented by Professor Bowen, of ISTew York, has

come into use where the best work is done. This machine consists of

a lever about 17 inches long, the fulcrum at the rear and a cambric

needle inserted in the other end, above which is placed a weight of 100

grams. The end near the needle is connected by a steel rod and waxed
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cord with a spindle having a long hand which moves about a dial

divided into 360 degrees. Another cord and weight upon an enlarged
part of the spindle keeps the first mentioned cord taut. By a suitably-

contrived spring clip the steel rod can be released for any length of

time, and the needle, which has first been brought to coincide with the
surface of the asphalt cement placed under it in a tin box, allowed to

penetrate under the action of the weight into the cement. The num-
ber of degrees through which the hand moves on the dial record the
penetratien of the cement, but as asphaltis very susceptible to changes
of temperature, the tests must always be made at the same degree. It

has been agreed that a room temperature of 77° F. shall be accepted as

the standard, and that the length of time that theneedleis released be
one second. This interval can readily be determined by the beats of a
half-second pendulum, or by one of the cheap forms of clock with a
quarter-second hand. Electrical appliances have also been arranged
for accomplishing the release, but after a little practice no difficulty is

experienced in several observers obtaining concordant readings with
ordinary forms of release.

As it is sometimes inconvenient or impossible to have a room tem-
perature of 77°, other temperatures may be made available by placing

the tin sample box of asphalt cement in water at 77° and allowing it

to acquire that temperature. It is then quickly penetrated under the

needle as before, but as the needle is not at the normal temperature an
allowance must be made.

Depending on the construction of the machine each one will vary in

its reading, but for the several now in use in Washington, District of

Columbia, and all of which have been weighted to agree, the correction

has been found to be a deduction of one degree from the reading when
the air and needle are above the normal temperature as is generally the

case in summer and the addition of a degree for every degree of tem-

perature that the air is below normal. Thus a cement which penetrates

77 degrees when the temperature of the room is normal would pene-

trate 66 degrees when taken from water at 77° F. and penetrated in

a room at 66° F. and so likewise the same cement would penetrate 90

degrees at 90° F.

This method of control enables one to know at all times and to record

the character of the cement in use. The consistency is, of course, varied

for different conditions somewhat, but a mean for surface mixtures on
such machines as have been mentioned would be 77 degrees^ or a penetra-

tion equal to the temperature of the air at the time of penetrating, the

cement itself always being at 77° F. On heavily-traveled streets and
warmer climates the penetration is generally much lower than on resi-

dence streets and in the jSTorth.

For binder it is the practice in Washington to make a softer cement,

penetrating from 150 degrees to 200 degrees, but in New York City and
elsewhere the surface cement is used for the same purpose. Before
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the penetration machine was introduced and when chewing and judg-

ment alone Avere used in determining tlie proper consistency, cements

have been found which, while used and supposed to be all right, varied

from 40 degrees to 130 degrees in penetration.

At present, with a good superintendent of works, asjihalt cement

may be kept within 5° for an entire season.

SHEET ASPHALT PAVE3IENT.

Washington has had more experience with sheet asphalt pavements

and more time and attention have been devoted to both the scientific

and practical sides of the industry there than in any other city in this

country.

Careful consideration of the specifications under which such pave-

ments are now laid there will therefore form the best basis for under-

standing the technology of the subject. In the earlier years from

1876 to 1880 the specifications were very meager, but with the estab-

lishment of the ofiice of Inspector of Asphalt and Cements, scientific

principles began to be introduced into the industry, with the result that

the present specifications are a vast improvement over those of ten

years ago and represent fairly exact requirements as can be seen from

those for 1893.

SPECIFICATIONS FOR SHEET ASPHALT PAVEMENTS.

STANDARD ASPHALT PAVEMENT ON CONCRETE BASE.

Trimming.—The space over which the pavement is to be laid having been exca-

vated, to the proper depth of seven or nine inches below the surface of the pavement

when completed, any objectionable or unsuitable matter below the bed will be

removed and the space filled with clean gravel or sand well rammed. The bed will

then be trimmed so as to be parallel to the surface of the pavement when com-

pleted, and the entire road-bed will be thoroughly rolled with a roller weighing at

least five tons. No extra allowance will be made for trimming and rolling.

Upon the foundation thus prepared the pavement will be laid as follows

:

Hydraulic cement concrete base.—This will be four or six inches in depth and will

be laid as follows, and with material conforming to the following specifications:

Hydraulic cement.—The cement in use shall be a natural hydraulic cement, and

shall conform to the current specifications for supplying such hydraulic cement to the

Engineer Department of the District of Columbia. No hydraulic cement shall be

used upon the work until it has been tested in the office of the Engineer Commis-

sioner and accepted by him, the tests to extend over such a length of time not

exceeding twenty-eight days, as the Engineer Commissioner may think necessary.

The cement while in storage or upon the work or while being hauled upon the work
shall be properly protected, and no cement shall be used which in the opinion of the

Engineer Commissioner has been injured by age or exposure. The cement shall be

kept by the contractor in store, under proper cover, in the city of Washington

and subject to inspection for at least ten days before it is used on the streets, and,

if deemed advisable by the Engineer Commissioner, twenty-eight days.

Sand.—The sand used shall be clean, coarse, sharp river sand, free from mud, clay,

mica, and foreign matter, and not showing, on shaking with water and subsidence,

more than five (5) per cent, by volume of loam.
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Stone.—The stone in use shall be the best Potomac granite or its equivalent. It

shall be broken to pass a two and one-half inch screen, and, as used in the work, at

least eighty-five (8., per cent, of it must pass by its largest dimension a two and one-

half inch ring, and of the remaining fifteen (15) per cent, no pieces shall have a

larger dimension than three and one-half (3^) inches.

In hauling stone, sand, and cement upon the work, the soil foundation shall be

properly planked and protected from injury, and no materials will be dumped except

on a proper planking.

Concrete —The concrete shall be composed of the above materials manipulated

as follows: The mortar shall be composed of cement and sand in the proportion of

three hundred pounrls of cement and two barrels of loose sand, thoroughly mixed
Avj, and a sufficient quantity of water added afterward to form as stiff a paste as it

is practicable to work, the proportions given being intended to form a mortar in

which every particle of sand shall be enveloped by cement, and this result must be

obtained to the satisfaction of the Engineer Commissioner and under his direction.

Facilities shall be given the Engineer Commissioner and his representatives for

weighing and measuring the cement and sand, and they shall also be allowed to

take such samples of materials as they may think necessary.

To the mortar made as above, the specified broken stone shall be added in such

proportions that the resulting concrete shall contain, for every three hundred (300)

pounds of cement and two barrels of loose dry sand, such a proportion of broke"

stone as to give a slight surplus of mortar when rammed. This proportion shall be

regulated by the Engineer Commissioner or his representatives. The stone shall be

thoroughly cleaned from dust and foreign substances and sprinkled before it is

added to the mortar. Any material which would pass a number 10 screen will be

regarded as a foreign substance. Each batch of concrete shall be thoroughly mixed

upon a water-tight board, in a manner satisfactory to the Engineer Commissioner or

his representatives, until each piece of stone is coated with mortar. It will then

be spread upon the foundation so that the mortar shall remain evenly incorporated

with the stone, which can best be accomplished by a turning of the shovel in the

act of dumping, and then thoroughly compacted by ramming, until free mortar

appears on the surface.

Any evidence of lack of compaction shall be regarded as sufficient reason for

requiring removal and replacement of base. If required, the surface of the con-

crete shall be gone over by the contractor after ramming and any inequalities or

voids filled with mortar.

If, at any time, for any violation of the preceding specifications, any hydraulic

concrete should in the opinion of the Engineer Commissioner prove in any portion

or entirely inferior, it shall be removed by the contractor and replaced in a suitable

manner; and if, after twenty-four (24) hours' notice he shall have failed to do so, it

shall be removed and the cost charged to any money which may be due him or may
become due him by the District.

The contractor shall not enter upon|p. hydraulic concrete base in order to lay the

binder course until in the opinion of the Engineer Commissioner it has obtained

sufficient strength for such a purpose, and during the period between laying base

and binder he shall properly protect it, and when ordered by the Engineer Commis-

sioner shall sprinkle it in warm weather between the hours of sunset and sunrise as

often as may be deemed necessary, or in cold weather cover it with a material suita-

ble for its protection.

Binder.—The binder course shall be composed of suitable clean broken stone pass-

ing an inch and one-quarter screen. Eighty-five per cent, of this shall pass in ita

longest dimension, and of the remaining fifteen no piece shall have a larger dimen-

sion than two (2) inches, and the stone after passing the heating drums shall not

contain more than five (5) per cent, of material jjassing a number ten (10) screen.

The stone will be heated in suitable appliances not higher than 300° F. It is then

to be thoroughly mixed, by machinery, with asphalt cement made with petroleum
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resulunin, such as is .acceptable for surface cenieut, at 300° to 325° F.
;
penetration,

150 degrees to 230 degrees, in proportion of about 6 to 7 pints of cenieut to one cubic

foot of stone.

The mixture will be so made that the resulting binder has life and gloss without

an excess of cement. Should it appear dull from overheating or lack of cement, it

will be rejected.

No cements composed of mixtuies of asphalt and tar will be allowed. AVhile hot

it will be hauled upon the work, spread upon the base to a thickness of two inches, so

that when compacted it will be at least one and a half (1^) inches in thickness, and

immediately rammed and rolled until it is cold.

Should the resulting course not show a proper bond it shall be immediately

removed and replaced by the contractor, or should he fail to do so in twenty-four

(24) hours after written notice from the Engineer Commissioner, it shall be removed

and the cost charged against any moneys which may be or may become due him

from the District.

Wearhig surface.—The wearing surface shall be at least 1^ inches in thickness, when
compacted, and shall be made in the following manner and with materials, comply-

ing with the following specilications

:

The materials which shall be employed are as follows:

1. Asphaltum.

2. Heavy petroleum.

3. Sharp, clean river sand.

4. Fine powder of limestone.

Aspludiam.—The asphalt shall be from the pitch lake of the island of Trinidad, or

any other deposits which may be proved to be equally suitable, to the satisfaction

of the Engineer Comuiissioner.

When Trinidad asphalt is used the crude pitch shall be subject to the inspection

of the Engineer Commissioner. It shall be a bright, live, jiorous pitch, correspond-

ing in chemical composition and physical properties with the best Trinidad pitch, as

determined by comparison with data on file iu the ofiSce of the Inspector of Asphalt

and Cements, and shall be equal in quality to the pitch in use in pavements in

the District during the fiscal year 1892 and 1893, and shall be in every respect satis-

factory to the Engineer Commissioner.

Eefined asplialt,—The crude pitch shall be refined under the direction and to the

satisfaction of the Engineer Commissioner, and the resulting product shall be smooth

and free from lumps of unmelted pitch or organic matter not bituminous. It shall

not at any time reach a temperature over 375° F. The asphaltic cement shall be

prepared from such refined asphalt as may meet the approval of the Engineer Com-
missioner, and suitable heavy petroleum oil.

Heavti iKiroJeam oil.—The oil iu use iu the manufacture of asphalt cement shall be

a petroleum from which the lighter oils have been removed by distillation, without

cracking, preferably, especially for paving purposes, until the oil has the following

characteristics

:

Specific gravity Beaume, 17^' to 21°.

Flash point, not less than 300° F.

Distillate at 400° for 10 hours, less than 10 per cent.

Shall not cease to flow above 60° F.

Shall not require more than 21 j)ounds of oil for each 100 pounds of refined asphalt

to produce the specified quality of cement.

The flash point shall be taken in a New York State closed oil tester.

The distillate shall be made with about 90 grammes of oil in a small glass retort

jirovided with a thermometer and packed entirely in asbestos.

The flowing point shall be determined by cooling 100 cubic centimeters of oil iu a

small bottle and noting the temperature at which it flows readily from one end of the

bottle to the other.
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Asphaltic cement.—Shall be prepared froin relinod asphalt and heavy petroleum

oil, complying with the above specifications.

To the melted asphalt at a temperature of not over 325*^ F. the oil, after having

been heated to at least 150° F., is to be added in suitable proportions to produce an

asphalt cement penetrating from 75 degrees to 95 degrees, as may be directed by the

Engineer Commissioner, on the penetration machine now in the office of the Inspector

of Asphalt and Cements. To accomi)lish this from 15 to 21 pounds of oil per 100 of

refined asphalt will be required. As soon as the oil has begun to be added suitable

agitation by means of an air blast or other acceptable appliances will commence and

be continued till a homogeneous cement is produced. The appliances for agitation

shall be such as to accomplish this in at least ten (10) hours, during which the tem-

perature shall be kept at from 290° to 325° F. and no higher. If the cement then

appear homogeneous and free from lumps and inequalities, as shown by penetration

of samples from different parts of the still, it may be used. Should it not prove

homogeneous and of the proper xaenetration, such deficiencies as may exist shall be

corrected by the addition of hot oil or melted asphalt in the necessary proportion.

Where asphalt cement is kept in storage it must be thoroughly agitated when used,

as must also all dipping kettles while in use.

Samples of the asphaltic cement and of the petroleum oil shall be supplied to the

Inspector of Asphalt and Cements when required and in suitable tin boxes and cans,

and he shall have access to all branches of the works at any time.

Sand.—The sand in use shall be the best sharp, clean river sand obtainable, equal

to that described for use in hydraulic concrete for base, and none shall be used

which is collected in the river above the Long bridge. When deemed advisable by

the Engineer Commissioner, stone dust, which shall be the fine screenings produced

by the crushers, may be substituted for a portion of the sand.

Limestone dust.—This shall be an impalpable powder of carbonate of lime, the

whole of which shall pass a 30-mesh screen, and at least seventy-five i>er cent, pass a

iOO-mesn screen.

Asphalt surface.—The materials complying with the above specifications shall be

mixed in the following proportions by weight:

Asphalt cement, from 13 to 16 parts.

Sand, 79 to 84 parts.

Limestone dust, 3 to 5 parts.

The proijortion of materials used will depend upon their character and the traffic

on the street, and will be determined by the Engineer Commissioner, but the per-

centage of bitumen in any mixture eoluble in carbon bisulphide shall not exceed

the limits, 9 to 11 per cent. If the proportions of the mixture are vai'ied in any

manner from those specified the mixture will be condemned; its use will not be

permitted ; and, if already placed on the street, it will be removed and replaced by

proper materials at the expense of the contractor.

The sand or the mixture of sand and stone dust and the asphaltic cement will be

heated separately to about 300° Fahrenheit. The pulverized carbonate of lime,

while cold, will be mixed with the hot sand in the required proportions and then

mixed with the asphalt cement at the required temperature and in the projier pro-

portion, in a suitable apparatus, so as to effect a thoroughly homogeneous mixture.

Sand boxes and asphalt gauges will bo weighed in presence of inspectors as often aa

may be desired.

The pavement mixture prepai-ed in a manner thus indicated will be brought to

the ground in carts at a temperature of not less than 250° Fahrenheit, and if the

temperature of the air is less than 50° Fahrenheit the contractor must provide can-

vas covers for use in transit. It will then be thoroughly spread to a thickness of

two and one-half inches by means of hot iron rakes in such manner as to give uni-

form and regular grade, so that, after having received its iiltimate compression of

about two-fifths, it will have a net thickness of at least one aud one-half inches,
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This depth will he constantly tested by moans of ganges furnished by the EngLiuei

Comoiissioner. The surface will then be compressed by hand-rollers, after which

a small amount of hydraulic cement will be swepb over it, and it will then be

thoroughly compressed by a steam-roller weighing not loss than 250 pounds to the

inch run, the rolling being continued for not less than five hours for every 1,000

yards of surface.

BASE.

In tlie preceding specifications it is provided that the base shall

consist of 6 inches of hydraulic concrete. Where economy must be

practiced and on streets with firm subsoil base the depth is sometimes

reduced to 4 inches or the hydraulic is entirely replaced by bituminous

concrete, for which the specifications read as follows:

The base shall be composed of clean broken stone, free from spalls, that will pass

through a 3-inch ring, well-rammed and rolled with a steam roller weighing not less

than 5 tons, to a depth of 4 inches. The rolling will be continued until the stone

ceases to creep before the roller and until it is evident that the final compression has

been reached. It will then be thoroughly coated with No. 4 coal-tar paving cement

in the proportion of about 1 gallon to the square yard of base.

The binder and surface on this form of pavement are the same as

specified for hydraulic base.

A pavement of this description is a monolithic mass, base, binder,

and surface being inseparably cemented together. This may be an

advantage, but any attempt to remove the surface for repairs or resurfac-

ing results in the destruction of the entire pavement. A bituminous

base, moreover, is not a rigid mass, but yields with any defect or sub-

sidence of the subsoil base. Experience wi th its use has led to its uni-

versal abandonment. Hydraulic base, once properly constructed and
in place, will last practically forever. The binder and surface coats

can be removed and readily replaced, so that it is eventually the cheap-

est form. The shape of the street is not lo st, as is the case where it is

necessary to superimpose one surface upon another with a bituminous

base, and its rigidity and strength enable it to withstand considerable

failure in the subsoil base, to which the'bituminous concrete quickly

yields.

While the hydraulic base is usually made 6 inches thick a greater

depth is now and then specified for certain conditions, and Portland

substituted for natural cement. In regard to the actual construction of

base for sheet asphalt pavements it may be said that the ordinary forms

of procedure are employed with the hydraulic concrete. For bitumin-

ous base coal tar alone can be used as the bituminous cementing mate-

rial, as experiment has shown that melted asphalt will not adhere to

stone at ordinary atmospheric temperatures.

BINDER.

The binder course in sheet asphalt pavements was first introduced

in Washington in 1888. It was an inheritance from the old coal-tar

pavements, and as such was originally made with coal-tar cement. Its

MiN 93-—42



658 MINERAL RESOURCES.

object is, by replacing a certain amount of the thicker surface found

in the original standard asphalt pavement, to prevent the movement
of the surface ujjon the base by i^ushing, and to bind the base and
surface more closely together.

This is accomplished by a binder, owing to the fact that the surfaces

of the individual pieces of stone, of which it is composed, prevent, by

their size, any rolling motion or movement upon the hydraulic base,

where the more doughy or viscous nature of the surface mixture per-

mits it. The interstices in the top surface of the binder also form a

good anchorage for the surface mixture, and prevent it from getting

out of shape.

In addition, where, as in Washington, broken stone can be econom-

ically obtained, the use of a binder course is a matter of economy.

The methods of production are plainly shown in the preceding speci-

fications. The broken stone from the crushers, of suitable dimensions,

is shoveled into ordinary iron bucket carriers upon an endless link-

belt, which dumps it into a hopper just above the upper end of the

rotary drum in which it is heated. These elevators are placed at an

angle of about 70 degrees.

The heating apparatus consists of a cylinder of iron or steel about 32

inches in diameter and 14J feet long, inclined with a drop of a half

inch to the foot.

It is provided with a shaft running through its center, to which it is

firmly clamped, and with which it revolves, being geared to the source

of power at the lower end.

The interior has angle irons along its sides to properly distribute

the broken stone in its course through the drum.

The rotary is heated by means of either wood or fuel oil, preferably

the latter, as it can be more closely regulated. The temperature of

the stone as delivered from the rotary is then controlled, not only by
the fire, but by the rate at which it is fed.

The stone, which, as shown in the specification, should have a tem-

perature of about 300° F., is then fed into a mixer from 10 to 14 feet

long, provided with pairs of blades set at an angle upon a shaft making

twelve to fifteen revolutions per minute in such a manner that some of

them act as propellers to push the material forward and others to mix
it with the cement, which is poured upon the stone as it falls into the

mixer at the end farthest from the delivery. The mixer is about 2J to

3 feet in diameter, and thoroughly coats the hot stone with asphalt

before it drops from it into the cart to be hauled upon the street.

Considerable skill is required in regulating the temperature of the

stone, and in pouring the proper amount of cement upon it by means
of a bucket, the supply of cement coming from a dipping tank near

by. Where the mixing is well regulated the hot stone is fed smoothly

into one end of the mixer, the cement poured over it in proper propor-

tions, and the binder drops continuously into a cart beneath the mixer
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at the other end, with a uuiform temperature, glossy, but not covered

witli excess of asphalt and never having- a dull surface, which is due

generally to too hot stone. In Washington, District of Columbia, it

will be seen from the specifications that the stone in use is rathei' large^

and that any considerable amount of fine material or dust is excluded

from it. A certain amount of the latter must be allowed for, as it orig-

inates in the rotaries. The cement, too, it will be observed, is quite^^

different in consistency from that used in surface mixtures, having a
penetration of from 150 degrees to 230 degrees where surface cement
penetrates but 75 degrees, and consequently being much softer.

In some other cities a different practice has prevailed. The stone

has been made very fine, even to one-half and one-quarter of an inch in

size, and the cement has been made of the same penetration as that

in use in surface. The resulting binder in consequence becomes a mere
dense bituminous concrete, lacking the essential features which have
been described as giving binder its real value. The softer cement is

preferable as being much more elastic, and therefore permitting a safer

haul over it in hauling surface mixture as well as by its advantage as

a cushion to the surface itself. It has never been found to push or

change, and, in fact, when made with as large stone as is customary,

would not be as apt to do so as a finer binder with harder cement.

Coal-tar binder was rejected because of the great variability of the

cementing material, the great difficulty in handling it, the fact that it

must be worked at a much lower temperature, 220° F., thus chilling

rapidly in cold weather, and because it will not withstand the necessary

hauling in the laying of surface mixtures. Binder is not used at all in

many cities where the expense of the production of binder stone and of

the additional plant required for its preparation exclude it from con-

sideration. It will, probably, even with its advantages, be employed
only in the larger cities where quantities of work are done.

ASPHALT SHEET SURFACE.

In the standard form 'of specification for the District of Columbia,

the thickness of the surface, after compression, which is laid upon the

binder course, is IJ inches or, on extraordinary occasions, 2 inches. In
other cities, where binder is not in use, the thickness is 2J inches, either

laid all at once, as a homogeneous course, or in two courses, called

cushion and top, the former about one-half an inch thick.

Asphalt surface mixture is composed of asphalt cement, 13 to" 16

parts; sand, 79 to 84; and limestone dust, 3 to 5; and it is provided
that, when deemed advisable, stone dust from the crushers may be sub-

stituted for a portion of the sand. As a matter of fact, this is always
desirable, as 5 per cent, of limestone dust is not sufficient for the pur-

pose for which it is used.

The proportions given vary within limits in order that the resulting

mixture may be made suitable for the conditions under w^Jiich it is to
*
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be used. In a northera climate a softer cement can be used than in

the South. With heavy traffic, less cement is needed than on sub-

urban streets, and with certain sand the amount and kind of cement
used is different from that with other sand. The proportion of lime-

stone dust and ordinary stone dust to the sand must also be varied

according to the uniformity of the particular sand in use and the voids

which it contains. Sands, in different localities, vary a great deal, and
this variation, aside from purity (that is to say, admixture of clay,

loam, or any foreign matter), is dependent on two factors—size and
uniformity. There may be recognized sands where all the grains are

about the same size, that is to say, very uniform sand, and the sizes

of the grains in these sands may be either large, medium, or small.

Of course, such sands are not often met with. Usually the grains are

of various sizes, and it is from the relative proportion of each that any
sand derives its character.

As a sand becomes graded in size the smaller grains fill a certain

proportion of the spaces between the larger ones and the voids are

diminished, so that in practice sands are found with voids raaging

from 40 to 30 per cent, and averaging about 33 per cent.

The best sand for use as an aggregate for paving purposes is natu-

rally one that is most graded, and therefore forms the most compact sur-

face, for where the voids are too large, the viscous nature of the asphalt

cement has a greater opportunity for coming into play, and where all the

particles are too small the mixture becomes too doughy and, lacking grit

and surface to its particles, is too readily moved out of place and form.

In practice, therefore, a sand of as varied size as possible is used

and the voids partially filled with stone dust to diminish the amount of

asphaltic cement necessary and to give it the necessary body and

rcvsistance to viscous flow. The impalpable mineral matter in the

original Trinidad pitch is also of very material assistance in this direc-

tion and, being so very thoroughly incorporated with it, is even more
desirable than any artificial addition can possibly be.

The impalpable mineral matter which is adfled to the sand is the

ground limestone and stone dust from the crushers, given in the speci-

fications. Both are equally good, probably; but, as ground limestone

was originally used, it has never been entirely discarded, and in some
localities stone dust is not available, so that limestone dust is used

entirely.

The stone dust is or should be added in such proportion as to fill

the voids as much as possible without making the resulting mixture

too doughy and ball}'". With different sand this, of course, will vary.

With the coarser sand in use in Washington, D. 0., about 10 to 15 per

cent, of fine mineral matter, passing a sieve of one hundred meshes

to the inch, will be found in the mixture. In this case the voids are

so reduced that the percentage of cement added nearly fills them,

as shown by calculation. It is not well that it should entirely do
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SO as the mixture would then be too liable to viscous flow, and thus get

out of shape; nor should it be too little, for water may then penetrate

it and destroy the mass. In Washington the mixture is so regulated

that it contains about 10 per cent, of pure bitumen, corresponding to

about 15 per cent, of asphaltic cement.

The materials for the surface mixture being assembled, its prepara-

tion is as follows:

The asphalt cement, its consistency and penetration having been
proved correct, is melted in rectangular tanks with cylindrical bottoms
(flat bottoms rapidly burn out), and is held at a temperature of about
300° F. by means of a small wood fire. The tanks are 4 by 8 feet and
2 feet 6 inches deep. Into it is conducted a pipe delivering a blast of

air, which keeps the material in constant agitation and so of uniform

quality.

The sand is heated in rotary drums of quite the same description as

those used for binder, with the exception that at the delivery end there

is a screen, of 10 meshes to the inch, which separates and throws out

any pebbles and coarse matter.

Dropping from the rotaries, at a temperature of from 275° to 325° F.,

into a boot or apron, an endless chain bucket elevator carries it up to

a platform or hopper above the floor, where the mixing of the material

is to take place. Delivery pipes from different parts of this floor carry

an average of the heap to the measuring box, thus insuring an even
temperature, and, should the sand be too hot, it is tempered with cooler

sand from the floor of the mixing platform. The measure for the hot

sand is a rectangular box of sheet iron, 39 inches long, 19 inches wide,

and 19 inches deep. It holds about 720 pounds of hot material, and is

swung upon trunnions so that its contents can be dumped into the

mixer. If the sand hopper or heap is any distance from the mixer, the

sand box is run upon a track by means of an overhead hanger from one
point to the other.

The sand, at the proper temperature and containing the proper
amount of stone dust, where that is used, and which is added before

the sand goes to the heating drums, is run into the measuring box,

the limestone dust being thrown in from a measure at the same time.

The surface is then struck off with a straightedge and the temperature

of the material taken with a thermometer. If this is correct, it is dumped
into the mixer, where the limestone dust becomes in a few turns well

mixed with the sand. In the meantime, the measure for the asphaltic

cement, which is much like the sand box, only on a smaller scale, and of

a little different shape, so that it may pour and drain well, is being filled.

This runs upon an overhead track to the dipping tanks. It is provided
with an adjustable gauge, which shows to what height the cement should

be poured in, and as a check the box and contentshang upon a portion of

the track which is a part of a Fairbanks scale, and thus by means of an
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electric indicator and bell the workman can determine the exact amount
of asphalt in the measure.

The sand and limestone having been given a few turns, the hot cement

is poured into the mixer. This is a double pug mill, each shaft being

provided with a set of double blades, with their pitch and position so

arranged that the material while being mixed is continually thrown

toward the center of the mixer.

The pug mill is about 3 feet 9 inches by 3 feet 7 inches in size at the

top, and there are twenty-foui- pairs of blades. It makes forty-five

revolutions per minute, and the mixing is allowed to go on for one and

one-fourth to one and one-half minutes. All the particles of sand, if

it is of good quality and free from loam, are in this time thoroughly

coated with cement. By means of a lever the bottom of the mixer is

opened and the material is dropped into a wagon or cart beneath,

which has been oiled slightly with petroleum oil to prevent sticking

when the load is dumped. It then is ready to be hauled upon the

street. The temperature of each load is usually taken and a canvas

cover thrown over it. Three mixings constitute a cartload and six a

wagonload, and they weigh, respectively, about 2,535 and 5,070 pounds.

The successful production of the mixture requires skill on the part

of the foremen and laborers in firing the heaters or sand drums, in

feeding the mixture of sand and stone dust regularly, and thus main-

taining a uniform temperature, and in regulating the consistency, tem-

perature, and accuracy of measurement of the asphaltic cement.

The labor involved is that of about twenty men, most of whom may
be of the ordinary class of day laborers. Negroes are found to learn

the work more quickly and are preferable to white men, both at the

works and on the street.

ON THE STREET.

Work upon the street with the binder and surface mixture is begun

as soon as the bituminous base has had its coating of tar or when the

hydraulic base has set for a sufficiently long time, generally from seven

to ten days, not to be injured by hauling over its surface. In the care

of both forms of base it is preferable that planks should be spread

upon the surface and the hauling done over them.

Binder.—The laying of binder is a very simple operation. It is

spread with shovels, raked to an even grade, and compressed at once

by a steam roller and with hot tamping irons along the curb or car

tracks. With asphalt binder there is but one thing to guard against,

and that is where some of the cement, during a long haul may have

run down and collected on the bottom of the cart or wagon, making it

necessary to reject the scrapings. Asphalt binder, from the safety to

which it can be heated to high temperatures, rarely chills, but with

coal-tar binder and high winds this often happens, and the material after

rolling wUl be found to have no bond at all.
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Surface.—The binder or, where a cushion coat of surface material

has been laid the cushion, is ready as soon as it is cold for the ai)plica-

tion of the final surface coat.

It is found that the temperature of the surface mixture falls but

very little in transit from the work to the street, even after a haul of

several miles, a loss of 10°, from 290° to 280°, being quite as large as

is common. Excluding accidents, therefo re, the material arrives upon

the street in as good condition as when sent from the mixer.

The necessary chalk lines having been made along the curb and in

the center of the street as guides for gutters and crown, the laying of

surface may begin.

It is usual to start in the middle of a block in order to divide the

haul, and where there is any grade to speak of to work uphill, as the

tendency to push the surface in rolling is less under such condition.

A straightedge of plank having been placed across the streets, the

surface mixture is dumped and raked up to it to such a depth that

when its final compression is reached the desired depth of the pave-

ment is obtained. This compression is somewhat less than two-fifths,

but varies with the richness of the mixture, the poorer ones compacting

more than the richer.

The depth is regulated by gauges, but the eye of a skilled foreman

seems to be quite as good. Great care must be exercised in this part

of the work that an even distribution of the loose material is made

;

otherwise there will be depressions or elevations in the finished surfaces.

With a skilled foreman and good laborers this is accomplished in a

remarkably successful manner and the material is ready for compres-

sion.

Compression is accomplished by means of rollers and tamping irons,

the latter being heated in a fire upon an iron basket moved from place

to place on wheels. The original method of first compression was to

run an iron roller weighing about 800 pounds (whose surface was pre-

vented from taking up any of the sticky mixture by being oiled with

kerosene) rapidly over the surface, four men being employed for this

work. This method is still employed to a certain extent, but it has

been improved upon and superseded in part by a form of roller which
is attached to the front of the heavy steam roller and is heated by
steam. It is guided by a parallel motion from the steering gear of the

latter and does away with the necessity of anyone walking on the newly
laid surface.

The primary compression having been given by either form of roller,

some natural hydraulic cement or any Impalpable mineral matter is

dusted over the surface to prevent adhesion of the steam roller and
to give it a more pleasing color. The necessary amount of rolling and
cross rolling is then given with the steam rollers, of which it is desir-

able to have two, one of rather narrow tread and light, about 6 tons,

which can be readily handled and gives the first hard compression, and
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the second of broader tread and which is more suitable for shaping up

the street.

In the meantime, after the first ijreliminary rolling, men with the hot

tamping and smoothing irons are finishing the gutters, joints, and all

angles and edges where the heavier rollers would fail to reach. The
gutters are tested with straight edges to detect depressions and any

inequalities on the surface removed.

The rolling by the steam rollers, which are of the Lindeloff patterns,

should be kept up at least five hours for each thousand yards of sur-

face.

When cold the pavement is ready to be thrown open to traffic as

soon as the gutters have been painted, which is customary, with a

coating of hot asphalt cement or tar.

The chief jjoints where skill is required in the working of asphalt

surface is in avoiding inequalities, especially depressions which prevent

the rapid removal of storm Avater, in securing a very thorough com-

paction of the gutters, which otherwise rot rapidly, and in thorough

rolling, which is dependent on the skillful use of the steam roller.

Traffic, if not of too heavy vehicles, is an advantage to a newly laid

surface. It aids decidedly in compacting it and keeps the surface well

closed against the action of the elements. Asphalt pavements in sub-

urban streets, where there is little or no traffic, do not appear as well

after a few years as a good surface*under considerable traffic.

On streets with flat grades it is often the custom to provide gutters

of hydraulic cement, stone, or vitrified brick, to avoid their rotting, as

has happened when the asphalt surface is continuous, but if the proper

care is used this seems unnecessary. Along car tracks and at crossings

where there are vibrations and pounding of the wheels of vehicles, a line

of headers and stretchers of granite blocks or vitrified brick is desir-

able.

The laying of asphalt surface can go on at almost any time of year,

when the base is clean and dry, except when it is windy; and streets

which have been laid in light rain, or when snow has been swept from

the base for the purpose, have worn as well as others laid in summer.

The heavy thunderstorms of summer also have failed to do the injury

that might be expected.

The form of pavement which has been described involves the con-

struction of a base, either hydraulic or bituminous. In the older cities,

however, there are many streets which have been paved for years with

cobble or blocks, which have become so much out of place as to be

unfit for use. Instead of removing these when an asphalt pavement

is desired it has been found quite practicable to use the old pavement

as a base, since the travel of years has pounded it firmly into place,

and to lay the asphalt surface upon this, evening oft" the inequalities,

and bringing it to a proper grade with a binder course. Such a pave-

ment is durable and has been successful in the East.
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LIFE OF ASPHALT PAVEMENTS.

The life of an aspbalt pavement depends upon three things:

The materials of which it is constructed.

The skill with which it is laid.

The amount of traffic it sustains.

With the best materials, combined and laid with the greatest skill,

where traffic is of ordinary character and the street not too narrow, so

as to confine wheels to ruts, the life of the pavement should be fifteen

years. There are surfaces in existence to-day which are of that age,

which have had scarcely any repairs and seem to be good for many years

to come. Such a pavement can be seen in front of the Arlington Hotel

on Vermont avenue in Washington, District of Columbia. Where,

through lack of judgment, too much or too soft cement has been used,

the surface is liable to soon push out of shape. Where too little or too

hard cement has been employed, the surface cracks after a few years,

and scales and disintegrates in the colder months of" the year, and

other mistakes make themselves known in similar ways. •

The best pavements, in addition, have enemies which will destroy

them if not prevented.

Water penetrating into the base and surface from the seepage of

ground higher than the pavement has an injurious effect, while the

escape of illuminating gas from the mains produces a peculiar and
characteristic disintegration which is readily recognized. The success

with which asphalt surfaces has been maintained on some of the nar-

row streets of the lower part of the city of New York, with the very

heavy traffic there met with, shows that with skill in laying they may
be made suitable for even very trying conditions; and as they have
been maintained at such geographical extremes as l^ew England and
Louisiana, it would seem that climatic conditions do not qualify their

use.

TECHNOLOGY OP BERMUDEZ ASPHALT.

Bermudez asphalt, which is obtained near Maturin in the Venezuelan

State of that name, differs in its treatment for the preparation of street

pavements from Trinidad asphalt in that it contains less water than

Trinidad pitch, very little mineral matter, and more of the oils volatile

at low temperatures.

The small amount of water and mineral matter makes the refining

process somewhat more rapid, and the larger amount of light oil ren-

ders it necessary to add a much smaller amount of petroleum oil to

the refined material for the production of cement.

The absence of the impalpable mineral matter found in the Trinidad

material is no advantage, and the defect must be made up by the addi-

tion of a corresponding amount of the impalpable limestone dust. The
cement, too, must be made of softer consistency. It melts at a lower
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temperature than Trinidad asplialt cement, but otherwise is handled

both at the works and on the street in quite the same way.

But a small amount has hitherto been laid. In Detroit in 1892 and

1893 32,456 yards, and in Washington in 1893 about 16,000 yards were

laid. Utica also laid 32,000 square yards. Judgment in regard to its

qualities as a paving material must be suspended until farther experi-

ence has been had with it and it has been upon the street under traffic

for some years.

OTHER ASPHALTCM DEPOSITS IN SOUTH AMERICA, {a)

Asphaltum is said to exist in great abundance near the Pedernales

river, an estuary of the Orinoco, opening into the Gulf of Paria, where

petroleam wells have been sunk with good results, and a company has

been organized in Caracas to work the property. The machinery is on

the spot and in the process of erection. Inexhaustible mines of mineral

pitch also exist near Maracaibo, Merida, and Coro. Petroleum wells

are abundant in Oumana and Trujillo. On the island of Pedernales,

whi«h is formed by the two delta streams, the Cucirina and the Peder-

nales, its northern shore being that of the Gulf of Paria, is found a

vast supply of asphaltum. The land is low, intersected by small streams,

and containing many ponds of salt and brackish water. In such ponds

on the northern shore is found the asphaltum known as Pedernales

asphalt. This differs in the main from that found at La Brea in Trini-

dad, in being generally more liquid and freer from earthy matter, and

in containing a greater percentage of light oils. As found it is a thick,

black, viscous mass, without odor and strongly adherent. The process

of refining consists in merely boiling it, thus depriving it of a large pro-

portion of the lighter volatile oils and all contained moisture. The

deposits at Pedernales may be said to be the same, geographically con-

sidered, as that of La Brea, notwithstanding that the Trinidad contains

a quantity of earthy matter well nigh inseparable, although mechanically

mixed. These earths are mainly very finely divided quartz grains, held

in suspension by the viscous asphaltum. The presence of these impuri-

ties adds largely to the weight, and, while proving of little or no detri-

ment to the many uses of the material, debars it from many other

purposes. The Pedernales deposit can be used for any purpose known
in the art, and is as desirable for varnishes and chemical compounds

as it is useful in increasing the elasticity of the asphalt, which contains

too small a percentage of volatile oils.

GERMAN ASPHALT.

Asphaltum is found in the province of Alsace and in Brunswick in

connection with petroleum of a heavy nature, which is used chiefly for

lubricating purposes. The following table shows the production of

asphaltum in Alsace from 1881 to 1891

:

a Prom the American Manufacturer and Iron World.
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Product of asphaltuvi in the province of Alsace, Germany, 1881 to 1891.

Teara.

1881.
1882.
1883.
1884,
1885.
1886.
1887.
1888.
1889.
1890.
1891.

Metric
tons.

42, 330
37, 120
42, 930
41, 139
45, 412
42, 894
34, 483
41,534
43, 496
51, U4
49, 150

ASPHALT MINES IN SYRIA, (a)

Four asphalt mines are known to exist in Syria. One is situated in

the vicinity of Hasbaya, about 40 miles southeast of Beyroot; the second

in Sohmor, about 30 miles to the south of this city; the third is near

AiM-Ettineh village, 70 mUes to the east of Beyroot, and the fourth is

found in the valley of the Dead Sea. Of these mines, the one at Has-

baya is the most important, and the asphalt obtained from it is con-

sidered the best, with the exception of that of the Dead Sea, which

floats in small quantities on the surface of the water and drifts ashore,

where it is picked up by the Bedouin Arabs.

Until 1860 these asphalt mines were almost entirely neglected, and

the Fellahs used to dig, free of tax, small quantities, which they applied

to the stems of their vines to destroy worms that ravage the vineyards.

In 1864 the asphalt mine as Hasbaya was leased by the Turkish

Government to two native merchants—Messrs. Freige & Misk—for a

term of four years at a rental of 80,000 piasters ($3,520) per annum.
The operations of this company did not prove very successful, lack of

an adequate system of engineering greatly reducing its profits.

In 1878 the mine was leased by the firm of Messrs. Tab'et & Co. for

four years, at an annual rental of 250,000 piasters ($11,000). During
these four years about 4,000,000 kilograms (4,400 tons) of asphalt were

extracted.

At the expiration of the lease the mine was leased to another com-

pany—Absy & Co.—for a term of ten years, commencing in 1888. The
condition was that 65^ per cent, of all the asphalt extracted should go

to the agents of the imperial private treasury, the mine being the pri-

vate property of the Sultan.

During the last five years the amount of asphalt obtained by Messrs.

Absy & Co. from the Hasbaya mine is estimated to be 5,400 tons. The
company's success has been mainly due to their skillful engineering

and methods of excavation.

No asphalt is at present extracted from the other mines in Syria, as

the local Turkish authorities strictly prohibit their being worked.

a From report by Vice-C(msvil Xhouhri.
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When Messrs. Freige & Misk lirst worked the Hasbaya mine the

asphalt was sold in Euroi^e at an average rate of $19.30 per 100 kilo-

grams (220 ijounds). Its present price in the foreign markets is between

$8.69 and $9.65 per 100 kilograms.

The Syrian asphalt is subject to no tax except an exxDort duty of 1

per cent. It is rumored, however, that a new rescript issued by the

Sultan enjoins that no export dues shall be hereafter imposed on that

article.

The exact quantity of asphalt now in stock can not be ascertained,

as the parties who monopolize it decline to give the figures. It is prob-

able, however, that not less than 3,000 tons are stored for sale by the

agents of the imperial treasury and the mining comi)any.

The asphalt obtained from the Syrian mines is invariably exi)orted

to Europe and America in its natural state, without undergoing any
process of preparation.

The following table shows the value of that exported from Beyroot to

the United States since 1882, when the first important shipments were

made

:

Exports of asphalt from Beyroot to the United States since 1882.

Years.
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Pulverized it is brown in color and slightly gummy. Two and a balf

grams of the powder destructively distilled for an hour readily melted,

then gave off gases which quickly ignited and burned for about fifteen

minutes with a clear, white flame of about 1-candle power and for a
somewhat longer period with a feebler flame. The loss of the volatile

hydrocarbon gases distilled from 2.5 grams was 1.7 grams, or, in other

words, the bitumen contains 68 per cent, of volatile hydrocarbons, and
would therefore furnish valuable material to enrich illuminating gas.



ABRASIVE MATERIALS.
By E. W. Parker.

BUimSTONES.

Buhrstones, or millstones, are made from a quartz conglomerate rock

occurring along the eastern slope of the Allegheny mountains in New
York, Pennsylvania, Yirginia, and North Carolina. A similar rock is

also found near Fair Haven, Vermont. It is known locally by various

names. In Ulster county, New York, it is called Esopus stone; in

Lancaster county, Pennsylvania, it is known as cocalico- stone; in Mont-

gomery county, Virginia, it is quarried as Brush mountain stone, and
in Moore county, North Carolina, it goes by the name of North Caro-

lina grit. During 1893 no millstones were made in North Carolina or

Vermont. In fact production ceased in the former State about five

years ago, and as the industry has shown a declining tendency else-

where it has not been resumed there. In 1892 a small number of mill-

stones were made in Vermont from stone quarried locally. No product

was reported from that State in previous years, and there was no pro-

duction there in 1893. The total product of the United States in 1893

was valued at $16,639, a decrease, as compared with 1892, of $6,778,

and was less than at any time since 1880, with the exception of 1891,

when the output was valued at $16,587—$52 less than in 1893.

The introduction of emery rock millstones will probably cause a still

further decline in those made from quartz conglomerate.

The following table shows the value of buhrstones produced in the

United States since 1880

:

Value of iuhrstones produced in the TJniUd States since 1880.

Tears.

1880.
1881.
1882.
]883 .

1884.
1885 .

1886.

670

Value.

$200, 000
150, 000
200, 000
150, 000
150, 000
100, 000
140, 000

Tears.

1887
1888
1889
1890
1891
1892
1893

Value.

$100, 000
81,000
35, 155
23, 720
16, 587
23, 417
16, 639
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Imports.—The decline in the biihrstone industry has not been con-

fined to stones of domestic production, as the following table of imports

will show. These show an almost steady decline from $125,072 in 1880

to $24,007 in 1887. There was then a moderate increase in 1888 and

1889, but the business again decreased in 1890 and 1891, reaching in

the latter year within $32 of the low-water mark of 1887. As in the

case of domestic production the imports showed an increase in 1892:

Value of iulirstones and millstones imported into the United States from 1868 to 1893.
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Crindstones imported and entered for consumption in the United States, 1S6S to 1SD3,
inclusive.

Years ended

—
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Cliagrin Falls, Ohio, made and sold whetstones and scythestones, as

did Mr. J. A. Chaillaux, of Georgia, Indiana; and Mr. John J. Kirk, of

Huron, and Mr. H. E. Welles, of French Lick, in the same State, manu-
factured whetstones.

The Pike Manufacturing Company has kindly farrrished this office

with a detailed statement of its product in 1893, which is given below,

together with its statement for 1892, for comparison. Mr. E. B. Pike,

president of the company, states that during the first six months of

1893 the domestic busi;iess increased about 33.^ per cent, over that of

1892, but decreased about 60 per cent, during tlie latter half. A slight

increase is noted in the export trade of the comi)any, while the imjjort

trade decreased materially.

Froduction of whetstones, etc., py the PiJce Manufacturing Company in 189S and 1893.

Kinds.
1892.

Output. Value

1893.

Output. Value

Washita stone pounds

.

Arkansas stone do. ..

Labrador stone do...
Hindostan stone do. .

.

Sandstone do . .

.

Chocolate stone do. .

.

Scythestones gross . .

.

Total ^pounds.
^gross...

400,000
20, 000

500
300. 000
100, 000
20, 000
16, 000

$60, 000
12, 000

50
15, 000

2, 000

2,000
50, 000

300, 000
12, 000

200
250, 000
100, 000
20, 000

13, 000

856, 500
16, 000

141, 050
682, 000
13, 000

$45, 000
12, 000

26
13, 000
2,000
2,000

40, 000

114, 020

Estimated exports of whetstones, etc., in 1S92 and 1S93.

Bands.

Amount. Value Amount. Value

Scythestones
Washita stone .

.

Arkansas stone .

Hindostan stone
Sandstone

...gross,

.pounds.
do...

....do...

8,000
150, 000

9,000
75, 000

$20, 000
20, 000
12. 250
2,250

8,000
180, 000
8.000

100, 000

50, 000

Total value. 54, 500

$19, 000
21, 000
10, 500
3,500
1,000

55, 000

Estimated imports of whetstones, etc., in 1892 and 1893,

Kinds.
1892.

Amount. Value

18a3.

Amount. Value

Turkey stone
Scotch stones (all kinds) . . . .

,

Itazor hones
English scythestones
Norway Eagg scythestones.

.

German emery scythestones.

Total value —
MiN 93 43

.pounds..
do

...dozen..
gross .

-

1,000
8,000
1,000

50

50, 000

$200
800

2,000
300

None.
1,000

1,000
4,000
1,000

25

30, 000

4,300

$200
400

1,500
150

None.
500

2,750
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The following table shows the total value of all kiuds of hones and

whetstones imported since 1880

:

Imports of hones and ivhetstones since ISSO.

Years ended—
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Crystals have been found weighing as much as 375 pounds. The alter-

ation products of corundum present a very interesting study. Fre-

quently we find corundum wrapped in a layer of various minerals

containing alumina and magnesia, and again we find these minerals

surrounded by a layer of corundum. The above facts have led to an
assumption, which may not always be well founded, that the corundum
in these cases has undergone an internal, zonal, or external alteration.

The minerals found thus associated are as follows: Margarite, pro-

chlorite, ripidolite, vermiculite, damourite, lepidomelane, pleonaste, her-

cynite, diaspore, cyanite, zoisite, fibrolite, tourmaline, actinolite, sma-

ragdite, albite, steatite, and kaolin. Within the last six months emery
has been discovered on Skeena creek, 5 miles from Franklin, Macon
county, North Carolina. This discovery has greatly stimulated prospect-

ing in this region. The Fairview and Smoky mines are the best devel-

oped prospects. In both the ore is found to be more or less "pockety."

It consists at the surface chiefly of hard emery rock, which continues 8 or

10 feet down and then pinches out or "runs into a flint seam," which may,
however, lead to another vein-like pocket. The walls are decomposed
chloritic, hornblendic, and talc schist or "soapstoue." In the emery
veins are found masses of red clay carrying manganese- stained sand-

corundum, into which the hard emery rock seems to merge in shallow

depth. An indication of the proximity of the emery or corundum veins

is float rock from them, often near granite with coarse plated mica, and
decomposed schistose rocks, carrying much magnetite. The emery
seems to consist of a mixture of rather fine grained to medium coarse

corundum and magnetite, often associated with chlorite, hematite,

quartz, mica, garnet, and pyrite. About one ton of emery has been
shipped from Fairview to be tested, it is said, at Chester, Massacliusetts.

Emery has also been reported as occurring at Cartoogaja Mountain.
The corundum mines of the Sapphire Valley Company are located

in Jackson and Transylvania counties, North Carolina, on the south-

east slope of the Blue Eidge mountains. In the Socrates mine, situated

about 1 mile from the town of Sapphire, the vein is 2 to 6 feet wide,

dips 45 degrees, and has been explored by means of shafts, tunnels, and
crosscuts for a distance of about 1,000 feet. The deepest shaft is down
75 feet, and at its bottom shows rich corundum ore. This ore is known
as " sand-corundum," and generally consists of white or gray corundum
crystals about one-fourth inch in diameter, embedded in a matrix of
decomposed chlorite and red clay. The walls of green chloritic schist

often show slickensides and gradually become merged into a rock
composed of radiately structured tremolite and anthophyllite. This
last-named rock extends from 50 to 100 yards to each side of the
corundum vein and is bounded by a fine grained granite or gneiss,

which forms the usual country rock in this section. The vein material
averages 15 per cent, corundum by a mill run. About 800 tons of ore
ready for the mill are now on the dumps of this mine and the one next
to be described.
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The Bad creek mine is located 2 miles from Sapphire. The vein

is a bedded one, 4 to 15 feet wide, and is exploited by means of tun-

nels, shafts, drifts, and open cuts. The ore shows white, pink, or blue

corundum one-third inch to 1 inch in diameter, embedded in a gneiss

consisting chiefly of black biotite or lepidomelane, chlorite, feldspar,

hornblende, tourmaline, quartz, and garnet, sometimes associated with

pyrite, margarite, autuuite, molybdenite, kaolin, talc and asbestos. The

vein averages probably 10 to 15 per cent, corundum. Surrounding the

vein is frequently found a "walling" of chlorite 1 to 2 feet thick and

then about 4 feet of hornblende schist, and beyond this anthophyllite

rock extending 40 to 60 yards from either side of the vein to the coun-

try gneiss or granite. Another property, the Sapphire mine, is only

partially developed, but shows very rich masses of corundum rock.

The vein is about 7 feet wide, and contains a gangue of yellow decom-

posed mica and a fine-grained tourmaline gneiss, in which pink or

blue-stained corundum crystals lie embedded. The Whitewater mine,

8 miles southwest of Sapphire, carries some highly crystallized and

brilliantly colored corundum, of a decidedly resinous luster, besides

much sand corundum. The mica here is decomposed and yellow, and

occurs with white feldspar in various stages of alteration to kaolin.

The Brockton mine, situated about 3 miles northeast of Sapphire, appa-

rently consists of a series of pockets, in which are found very large

dark brown crystals of corundum. From a single pocket about 75 tons

of clean corundum were taken. The occurrence is peculiar in that the

corundum crystals are wrapped in decomposed feldspar and margarite,

mixed with a small quantity of tourmaline.

The Burnt Eock mine is located about 8 miles northeast of Sapphire.

The corundum here is found embedded in dark green chlorite and decom-

posed yellow mica, and frequently occurs in large masses weighing from

25 to 50 pounds. The color of the corundum is mostly pure white,

streaked with bands of deep blue. Rarely bronze colored masses are

found with a chatoyant luster. Closely associated with corundum

veins are deposits of large plated mica and long-flbered asbestos. The

property of the Sapphire Yalley Company embraces 15,000 acres, and

extends about 21 miles along what is thought to be the three princi-

pal corundum leads found in Jackson and Transylvania counties.

Beside the above property, the company owns the Edison mine at

Acworth, Paulding county, Georgia, 35 miles north of Atlanta. This

mine is characterized by its beautiful blue and pink banded and striated

corundum, occurring in large cleavable masses together with a much
decomposed variety of quartz, feldspar, and chlorite. Although this

mine is, as yet, only developed by a few shafts 25 feet deep, it has pro-

duced several tons of corundum, among which is, undoubtedly, the

largest specimen of pure corundum ever mined, a specimen weighing

nearly 100 pounds, which was exhibited in the Tiffany collection at the

World's Fair. It is supposed that this variety of corundum contains a
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little water, as it is somewhat less hard and more easily cleavable than

the common variety known as sand corundum, and turns white n\)ou

heating with the blowpipe.

The company's concentrating mill at Sapphire is well adajited to the

purpose of crushing and separating the corundum from the gangue, and
has a capacity of about 10 tons of clean corundum per twenty-four hours.

This clean corundum was shipped as unfinished material in 100-pound
sacks by team 46 miles to Hendersonville, and thence north by rail to

be finished ("refined") and put on the market. The first quality or

coarse corundum was sold for 10 cents per pound, and the second or

finer sized material for 7 cents. The production for 1892 was about
150 tons, and for 1893 about 400 tons, the mill only having been run
during four months.

THE LUCAS MILL AT CULLASAJA.

At CuUasaja, the Hampden Emery and Corundum Company has a

mill for the treatment of its corundum and emery ores. It is commonly
known as the Lucas mill, from Dr. H. S. Lucas, president of the com-
pany.

Power for its operation is obtained from a turbine developing 40-horse

power. The ore consistsboth of so-caJled rock corundum and sand corun-

dum. The rock or lump corundum is carried to the mill by team, crushed
in rock breakers, and ground down to size ISTo. 12. The principal ore,

sand corundum, is sent down from the mines ui3onCorundum hill in plank
sluice troughs, a foot or two wide, a distance of IJ miles to the mill.

There are 3 sets of washing troughs at the mill, the ore and water
being turned upon any one or all three at once by means of sluice gates

with variable water feed. The pulp is fed to punched iron screens 3

feet wide and 8 long, with 7 or 8 holes to the linear inch. The " coarse"

remaining on top of the sieve is reground in either vertical or horizontal

steel rolls, and in the screw mill (the object here being to break off the

chlorite from the corundum) and rewashed. All that part going through
the washing sieves is separated into three sizes from No. 8 to 'No. 100

(the finest), dried in a furnace of 20 tons capacity in twenty-four

hours, and shipped as unfinished corundum in sacks of 100 or 120

pounds to Chester, Massachusetts. Here it is sized more closely for

the market. The maximum capacity of the above mill is 60 tons of

ore, making not more than 20 tons of shipping corundum, as at least

two-thirds of the ore is waste rock, such as chlorite and hornblende.

Eight hands are employed in the mill when running full capacity, and
30 hands at the mines on Corundum hill. Generally a load of 8 sacks

per wagon is sent to Dillsboro or Sylva and shipped from these towns
by rail to Chester, where 8 or 10 grades of corundum are made, and the

finished or "refined" product is put on the market. Dr. S. H. Lucas
gives the production of the mill in 1893 as 304 tons and the average
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price as 5 cents per iDound. When the coruuflum is below the sizes

Nos. 60 or 70, it is sold for about 1 cent less per pound.

Emery hnported into the United States from 1867 to 1893, inclusive.

Years ended—
Grains. Ore or rock.

Quantity. Value. Quantity. Value,

Pulverized or
ground.

Quantity. Value

Other
manufac-
tures.

Total
value.

June 30, 1867.
1868-
1869.
1870.
1871.
1872.
1873.
1874.
1875.
1876.
1877.
1878.
1879.
1880.
1881.
1882.
1883.
1884.
1885.

Dec. 31, 1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.

Pounds.

610, 117
331, 580
487, 725
385, 246

343, 697
334, 291
496, 633
411,340
454, 790

520, 214
474, 105
143, 267
228, 329
161, 297
367, 239
430, 397
503, 347
534, 968
90, 658

566, 448
516, 953

$29, 706
16, 216
23, 345
18, 999
16, 615

16, 359

24, 456
20, 066

22, 101
25, 314
22, 767
5,802
9,886
6,910

14, 290
16, 216

18, 937
20, 382
3,729

22, 586
20, 073

Tons.
428
85

964
742
615

1,641
755

1,281
961

1,395
852

1,475
2,478
3,400
2,884
2,765
2,447
4,145
2,445
3,782
2,078
5,175
5,234
3,867
2,530
5,280
5,066

$14, 373
4,531

35, 205
25, 335

15, 870
41, 321
26, 065
43, 886
31, 972
40, 027
21, 964
38, 454
58, 065
76,481
67, 781
69. 432
59, 282

121,719
55, 368
88, 925
45, 033
93, 287
88, 727
97, 939
67, 573
95, 625

103, 875

Pounds.
924, 431
834, 286
924, 161
644, 080
613, 624
804, 977
343, 828
69, 890
85, 853
77, 382
96, 351
65, 068

133, 556
223, 855
177, 174
117, 008
93, 010

513, 161
194, 314
365, 947

ol44, 380

$38, 131
33, 549
42, 711
29, 531
28, 941
36, 103

15, 041
2,167
2,990
2,533
3,603
1,754
4,985
9,202
7,497
3,708
3,172

21, 181
8,789

24, 952
6,796

$107
97
20
94

34

145
53

241

757
851

2,090
8,743

111,302
5,046

2,412
3,819

$52, 504
38, 080

77, 916
54, 866
44,811
77, 424
70, 919
62, 366
58, 327
61, 653
42, 182
56, 601
87, 506

105, 894
97, 432
98, 695
85, 490

148, 890
74, 800
121,638
68, 209

118, 246
218, 966
123, 367
71, 302
120,623
127, 767

a To June 30, only; since classed with, grains.

INFUSORIAL EARTH.

The value of infusorial earth produced in 1893 was $22,582, but little

more thf),n half that of 1892, when the value was $43,655. The product

in 1893 consisted of 850 tons of earth from Maryland and Connecticut

sold crude, or without any further preparation than drying and pul-

verizing, valued at $10,902 ; 755 barrels (of 50 pounds) of refined mater-

ial from New Hampshire, worth $9,680, and $2,000 worth of cleans-

ing articles, made from earth mined in California in previous years, but

not marketed until 1893. There were also some manufactured articles

sold from earth previously mined in l!^evada, but this has been included

in the crude earth production of 1892, the year in which it was mined,

and is not counted in the output of 1893.

The following table shows the annual production of infusorial earth

since 1880:
Production of infusorial earth from 18S0 to 1S93.

Tears.
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TUIPOLI.

Mention was made in the report for 1892 of the development of a

deposit of a siliceous earth in Newton county, Missouri. To this prod-

uct the term of ''tripoli" has been applied, though it is in reality a dis-

tinct mineral, being a siliceous lime-stone from which the carbonate of

lime has been leached out, leaving the silica in a very porous state.

Work was continued on the property in 1893, and the output increased

over that of 1892 about 25 per cent. The product is used for water filters

in the form of discs, cylinders, tubes, etc. ; for ink blotters, either in the

shape of rollers or in rectangular blocks about Scinches long, 2f inches

wide, and three-fourths inch thick. It is very porous, absorbs fluids

readily, and makes a very convenient as well as enduring desk blotter.

When the surface becomes clogged by drying it is easily cleaned by
rubbing gently over it a piece of ordinary sandpaper. The material

is also ground into a fine powder for polishing metal surfaces and for

manufacturing various cleansing preparations.

CARBORUNDUM.

This interesting artificial material continues to attract the attention

of scientists, mechanicians and others interested in abrasives. lutelli-

gent study has been given to it during the past year, and its properties

and useful fields are becoming more clearly understood. Improvements
have been made in the matter of binding, in the manufacture of wheels

and discs, and there is no doubt of its continued usefulness in the arts.

In glass-cutting and dental work it is particularly useful.

The present capacity of the Carborundum Company is 200 pounds
per day, the power consisting of 225 horse power and a battery of 210

horse power, and 112,000 Watt & Westinghouse alternating dyna-

mos. During J 893, 15,200 pounds of carborundum was produced, vary-

ing from No. 30, determined by the number of threads in the sieve, down
to the finest powder. This is principally made in the form of wheels,

which are distributed through the dental, glass, and other trades,

200,000 wheels being used by the dental trade during 1893. The
glass trade uses it for the purpose for which Scott stone was formerly

used.

The Carborundum Company of Monongahela, Pennsylvania, reports

that it has sold in the form of machine wheels, dental wheels, discs

and points, powder and hones, $35,933.21; goods manufactured and
held in stock, $24,280.75, making a total for the year's business of

$60,213.96.



PRECIOUS STONES.
By George F. Kunz.

INTRODUCTORY.

The value of tlie rougli gems produced in the United States during

1893 decreased, as will be seen by the table on the following page,

from $312,050 in 1892, to $264,041. This decrease is principally due to

the financial depression. A considerable proportion of the total sales

of rough gems found in the United States is to tourists who purchase

these as souvenirs of some locality visited, and but for the increase

in sales to tourists at the World's Columbian Exposition, it is probable

that the decrease in value would have been very much more consider-

able.

In spite of the decline in production above noted, the year 1893 was
characterized by a number of interesting gem discoveries, including a

diamond weighing 3j^| carats, found in a new district, Oregon, Dane
county, "Wisconsin. An interesting fact was proved, that the supposed

diamonds in the Canyon Diablo meteorites are really diamonds, and
the first instances are recorded of the polishing of a diamond by means
of the diamond dust obtained from meteoric iron. The finding of small

rubies of fairly good color in Macon county, North Carolina, gives

ground for the belief that larger and better stones may be found there

by more extended development.

It is interesting to note farther that, in spite of the financial depres-

sion, $143,136 worth of American turquoise was sold—a greater amount
probably than has ever been sold from the Persian mines in a single

year. The finding of a remarkable 66-carat green tourmaline at Paris,

Maine, and the discovery of a new tourmaline locality in the San Jacinto

mountains, in California; the development of the opal industry in Idaho,

where the gems are quite equal to those of Hungary, and in sufficient

quantity to make the United States prominent even compared with

Hungary, Queensland and the more recent remarkable find in Wil-

cannia, New South Wales, and some new moss agate from Hartville,

Wyoming, with interesting possibilities for inlaid aud ornamental

work, are among the notable developments of the year.
680



PEECIOITS STONES.

PRODUCTION.

681

The following table shows the value of the precious stones produced

in the United States from 1883 to 1893, inclusive

:

Estimated production ofprecious atones in the United States from 1883 to 1893.

Species.

1883.

Value.

1884.

Value.

1885.

Value. Value.

1887.

Value.

1888.

Value.

Diamond
Sapphire
Chrysoberyl
Topaz
Beryl (aquamarine, etc.)—
Phenacite
Emerald
Hiddeuite (Lithia emerald)
Tourmaline
Smoky quartz
Quartz
Silicifled wood
Garnet
Anthracite
Pyrite
Amazon stone
Catlinite (pipestone)
Arrow points
TrUobites
Hornblende in quartz
Thomsonite
Diopside
Agate
Chlorastrolite •

Turquoise
Moss agate
Amethyst
Jasper
Sunstone
Possil coral
Eutile
Gold quartz ,

Eutilated quartz ,

Peridot

$2, 200
100

1,000
500

1,750
25

500
700

$500 750 $500

1,250
750

1,000
5,500

500
600

10,000
11, 500
5,000
6,000
2,500
2,000
3,750

10, 000
1,000

500
600
750
300

1,500
1,500
2, 000

21, 000
2,250
2,500
450
750

115, 000

300

Total

.

2,000
12, 000
11, 500
10, 500
4,000
2,500
3,000
2,750

10, 000
1,000
, 500

600
750

4,500
1,500
2,000
8,000
2,250
2,500
450
750

140, 000

i50

3,200
2,500

600
7,000

11, 500
6,500
2,700
2,500
2,000
2,750

10, 000
2,500
1,000

300
750
100

2,000

3,500
2.500
2,100

350

750
140, 000

250

3,200
4,500
5,500
7,000

11, 500
1,500
3,250
2,500
2,000
2,250

10, 000
2, 500
1,000
200
40O

2,000
1,009
3,000
2,000
2,100

300
1,000

750
40, 000
1,750

2,000
3,500

500
4,500
11,500
36, 000
3,500
2,000
2,-500

1,700
5,000
1,500

500
100
750
50

4,000
800

2,500
950

2,100

150
2,000

75, 000

206,050 I 221,975 209, 850 118, 519 163, 600

$500

600
800
650
100

4,000
11, 150

16, 000
3,500
1,500
2,500
1,700
5,000
1,500

500

500

4,000
800

3,000
950

2,500
100

3,000

'75,066
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Eetimatcd production of precious stones in the United States from 18SS to 1893—Cont'd

Species.

1889.

"Value.

Diamond
Sapphire
llwby
Topaz ,

Beryl (aquamarine, etc.)

Phenacite
Emerald
Tourmaline
Opal
Peridot
Smoky quartz
Quartz, rook crystal
Silicifled wood '.

Garnet (pyrope, almanditeand
essonite)

Anthracite
Pyrite
Amazon stone
Catlinite (pipestoue)
Arrow points
Thomsonite

j

Diopside
Agate

\

Cnlorastrolite
!

Turquoise i

Moss agate
Amethyst
Fossil coral
Rose quartz
Gold quartz
Eutilated quartz
Dumbrtiente in quartz
Quartz coating cbrysocolla
Chrysoprase
Agatized and jasperizedwood .

Banded and moss jasper
Obsidian
Pluorite
Azurite and malachite
Prehnite
Zircon (a)

Gadolinite, fergusonite, etc. (a)

Monazite (a)

Spodumene (a)

Wooden ornaments decorated
with minerals (ft)

Staurolite crystals
Miscellaneous minerals (c)

5,725

400
747
200
450

2.250

4,232
14, 000

2,308

2,000
500

5,000

Total.

500
23, 675

700
COO

9,000
30
250

4,000
200

53, 175
630

500
2,037

16, 000
1,500
1,000

200

15, 500

20, 000

188, 807

1890.

Value.

$6, 725

,250

2,225
14, 000

2,308

2,000
500

5,000

400

400
28, 675

700
200

9,000

250
2,000

200
6,000

15, 500

20, 000

118, 833

1891.

Value.

$10,000

100
1,000

1, 000
3,000
5,000
1,000
5,000

10, 000

3,000

'i,'566

5,000

""200"

500

150, 000

1,000

'6,'66b'

2,000

15, 000

"
15," 000

Value.

$20, 000

1,000
1,000

3,000
10, 000
1,000
5,000

10, 000
1,000

5,250
3,000
1, 500
1,000
5,000
1,000

500
500

2,000
500

175, 000
1,500

200
1,000

200
15, 000

500
100

10, 000

1,000
200

235, 300

15, 000

"20,066

312, 050

Value.

$125
10, 000

]50
100
500

5,000
5,000

500
5,000

10, 000
1,250

2,000
3, 000
1,500
1,000
5,000

500
105

1,000
500

143, 136
2,000

75
1,000

100
10, 000

20, 000

15, 000
500

20, 000

264, 041

a Used to extract the rarer elements for chemical purposes.
6 Such as clocks, horseshoes, boxes, etc.

e Collection and souvenir minerals.

DIAMONDS.

During the year 1893 several interesting discoveries of diamonds

were made in the United States, although this is not a regular dia-

mond-producing country. In December my attention was called by
Prof, William H. Hobbs, professor of mineralogy and metallurgy in

the University of Wisconsin, at Madison, to a diamond that had been

found in Oregon township, 2^ miles southwest of Oregon Village, in

Dane county, Wisconsin. Through his courtesy the stone was sent to

the writer by the finder, Mr. Charles Devine, of thex)lace just named.

The diamond was found by him while husking corn, in October, 1893,

in a rough, stony field which had been under the plow for forty

years. The bank of clayey earth in which it was found contained a
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large number of rouiul(>d i)ebbles of quartz, but no otlier of the asso-

ciated minerals of the diamond; and as the entire district consists of

glacial drift coming from the north, a diamond bed is not likely to

exist in the immediate vicinity, but is rather to be looked for in the

direction from which the drift came.

The diamond is a rhombic dodecahedron, deeply pitted with circular,

elongated, reniform markings. In color it is slightly grayish-green.

But it is one of those diamonds in which the color is likely to be

superficial, and it would probably cut into a white gem. Its weight

is 3{i carats. This is the second authentic occurrence of diamond

in Wisconsin, the other occurrence being at Plum Greek, Pearce

county, of three small stones, the largest of which weighed ff carat,

see the last report (p. 759). A 16-carat diamond was reported to

have been found, also in glacial drift, at Waukesha, Wisconsin, in 1884.

Some litigation resulted from its finding, and considerable doubt

was expressed at the time as to the genuineness of the discovery.

A small elongated crystal 7 mm. long and 4 mm. in diameter, weigh-

ing three-fourths of a carat and of a bright, light canary color, with

polished surfaces, was found in the vicinity of Kings Mountain, IsTorth

Carolina, during the summer of 1893. Mr. H. S. Burden, of the Cali-

fornia State Mining Bureau, rejjorts that two small diamonds were

obtained in 1892 and 1893; at Cherokee, Butte county, California. One
weighed 2 carats.

The London Mining Journal of May 6, 1893, states that important

discoveries of diamonds have been made in the Landak district of

Borneo. Landak is about three days by steamer from Singapore, and

the district has been declared by experts to be not only gem-bearing but

auriferous. A large number of diamonds have been taken from the

beds of streams. Under ordinary circumstance this would require

dredging or diving, but at an interval of every five or six years the

streams become so abnormally dry and shallow that the beds can be

reached without difficulty.

Diamonds in meteorites.—The discovery of diamonds in the Canyon
Diablo meteoric iron was first announced by Dr. A. B. Foote in the

American Journal of Science for July, 1891 (Vol. xlii, pp. 413-417).

Diamonds have previously been noted in the Novy Urej Eussian mete-

oric stone by Latchinoff and Jerofeieff, and in the Arva, Hungary,

meteoric iron by E.Weinschenck. On cutting the Canyon Diablo mete-

orite it showed extraordinary hardness, a day and a half being consumed

and chisels destroyed in the process of removing a section. In the

cutting, the chisels had fortunately gone through a group of small

cavities, which on examination were found to contain hard particles

that cut through polished corundum easily, while the emery wheel used

to polish the surface was ruined. The grains exposed were small and
black, and Prof. Geo. A. Koenig pronounced them diamonds because

of their hardness and their indifi:erence to chemical reagents. The



684 MINERAL REbOURCES.

extreme hardness was subsequently verified by the writer, who care-

fully examined the type specimen.

Dr. Oliver W. Huntington has contributed much valuable informa-

tion in regard to this meteoric iron. The results were first announced
in Science, on April 8, 1892, and were read in detail before the Ameri-

can Academy of Arts and Sciences on May 11, 1892, and afterwards

published in the Proceedings, new series, Yol. xxii, p. 252, and in

Science of July 8, 1892.

He placed 100 grams of iron in a perforated platinum cone suspended
in a platinum bowl filled with acid, the cone being made the positive

pole and the dish the negative pole of a Bunsen cell. The iron slowly

dissolved, leaving on the cone a large amount of black slime. This

was carefully collected and digested over a steam bath for many hours

first with aqua regia, and afterwards with strong hydrofluoric acid.

Most of the residue disappeared, but there remained a small amount
of white grains which resisted the acids, and, when carefully separated

by hand, resembled fine beach sand. Under the microscope they were

found to be transparent and of brilliant luster. One of the grains was
then mounted upon a point of metallic lead and drawn across a watch
crystal, when it gave the familiar singing noise characteristic of a

glass-cutter's tool and with the same result, namely, cutting the glass

completely through. It deeply cut glass, topaz, and a polished sap-

phire.

Subsequently M. 0. Friedel says, in the Bulletin de la Societe Fran-

caise de Mineralogie (No. 9, p. 258, December, 1892), that he took a

fragment of the Canyon Diablo meteorite, weighing 34 grams, with the

characteristic Widmannstattian figures, and treated it with hydrochloric

acid. He digested the residue in aqua regia and obtained a black pow-

der. After various treatments he thus separated about 0*35 gram of a

powder, which he presented to the Academy. No grains were found

measuring more than 0*5 mm., the powder being fine and impalpable,

capable of scratching corundum, and sinking in a solution of iodide of

methyl having a density of 3-3. He also burned some of the black

residue, and as a product obtained CO2.

At the meeting above referred to of the Academy of Arts and Sciences

Dr. Huntington showed to the members, under a microscope, the slightly

yellow transparent grains he had obtained, and called attention to their

adamantine luster. Not enough of the clear material was obtained at

the time for a chemical test, and, on account of the association of the

diamond grains with amorphous carbon, such a test would not have

been conclusive without a perfect mechanical separation. The writer

suggested that if enough of the clear grains could be obtained to polish

a diamond it would be a conclusive test.

For this purpose about 200 pounds of the meteoric iron was carefully

examined, and specimens which appeared to contain diamonds were

dissolved. The method used will be pubhshed by Dr. Huntington later.
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After enoiTgli material had been separated by him, on September 11,

1893, Dr. Huntington and the writer were enabled, through the cour-

tesy of Messrs. Tiffany & Company, to try the desired experiment in

their diamond-cutting pavilion in the Mining Building of the World's

Columbian Exposition, {a) They had prepared a new skaif or wheel,

10^ inches in diameter, which was placed in position after having been

specially planed down and prepared with the radiating scratches so as

to be easily charged with diamond j)owder. A diamond was then sol-

dered in a metal dop and placed on the clean wheel, which made 2,500

revolutions per minute. This diamond was tried for more than five

minutes by itself without the slightest polish resultiug, and no mark-

ings other than such as would be produced by the minute shattering of

the diamond at extreme edges, due to the friction, as when a diamond
is placed on an uncharged wheel. A cleavage weighing five thirty-sec-

onds of a carat was set with solder in the metal dop, ready to be

placed on the wheel, the diameter of which where the stone was to be

placed was 4 inches. The wheel was then charged with the residue

from the meteorite (the powder mixed, as usual, with oil).

The moment that the diamond was placed on the wheel a hissing

noise was apparent, showing to an expert that the material was really

cutting the diamond. In three minutes a flat surface measuring 3 mm.
by 1 mm. had been ground down and polished. A small crystal with

a natural face up was then set in the metal dop, the crystal being a

complex twin, weighing four thirty-seconds of a carat. It was first

tried on a projecting angle. The cutting was very slow for about seven

minutes as the natural face of a diamond is always exceedingly hard.

The position of the stone was then slightly changed, and a face measur-

ing 2 mm. by 1 mm. was ground on the stone and cut. Three minutes

later the surface had been cut down somewhat and a decided polish

was produced on the triangular face, which was 3 mm. by 1.25 mm. The
fragment used was one of the octahedral faces of a crystal. The face

ground down was at the angle of 45 degrees with the octahedral face-

The entire time of this experiment was fifteen minutes. The two experi-

ments having been made with great care with both of us present, we
can not hesitate to pronounce the material diamond, or a substance

with the same hardness, color, luster, and brilliancy, (b)

The diamond industry.—The great interest manifested in the dia-

mond-cutting industry at the present time makes a statement of the

condition of this, and the allied industries abroad, opportune.

At Amsterdam, which is the chief diamond-cutting center at present,

there are 52 large factories and about 20 small ones, using steam as a

motive power, where the rough diamonds are cut into brilliants and
roses. The largest of these is the establishment of Messrs. Boas

a This was announced in the American Journal of Science, Vol. xlvi, December,

1893, pp. 469-472.

h Paper read hy G. F. Eunz before Chicago Academy of Science, September 15, 1893.
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Brothers, wliicb counts 600 mills, turning as many cylinders or " skaifs."

Everyone of these is occupied by one polisher; and these, with the

number of "setters" (verstellers) and apprentices, bring the total up
to at least a thousand persons for this single factory. If we estimate

that the 52 large establishments have an average of but 60 mills each,

or a total of 3,120 mills, and that the 20 small ones average 20 mills

each, making 400 mills, we have in all 3,520 wheels or skaifs. Then
counting for each mill or wheel, including polishers, setters, appren-

tices, scaive-scrapers, and machinists, at least two persons, we have

7,040 emi)loyes. To these must be added the diamond cleavers and

cutters, about 460 persons, of whom one-quarter are women, giving a

total of 7,500 persons for Amsterdam. Now, the large diamond-trad-

ing club, composed of diamond merchants and brokers, numbers about

900, and the two smaller ones about 400, with perhaps 100 additional

dealers who transact their diamond business in the cafes in the vicinity

of the clubs. Adding to these the merchants and brokers who do not

frequent aiiy of these places, and the employes of the one steam dia-

mond-cutting shop at Rotterdam, we have about 10,000 persons in all

engaged in the diamond industry in Holland.

Antwerp has been rapidly becoming one of the greatest diamond-

cutting centers. Whereas in 1870 there were 4 mills and 200 diamond

workers, in 1893 there were 78 mills and 4,000 workers, and diamonds are

annually cut to the value of 12,000,000 francs. London comes third

in importance, where the diamond polishers, brokers, importers, and

dealers in rough diamonds must number about 1,000 persons. St.

Claude and adjoining cities in the Jura mountains, in France, have

several diamond-cutting establishments that employ in various capaci-

ties about 1,000 people. Paris comes next with several diamond

works, as also a great number of diamond merchants and brokers;

these will reach above 500 individuals. Geneva and Berlin each pos-

sess a diamond-cutting shop, at each of which j)erhaps 100 jjeople are

employed; and, finally, Hanau, the jewelry center in Hesse, Germany,

where much goldsmiths' work is done, and where a few years ago were

established two large diamond mills and four or five small ones, all

operated by steam power, which on an average employ 500 j)ersons.

In Idar and Oberstein about 1,000 more are similarly engaged, giving

a total of above 16,500 persons occupied in the diamond business in

Europe; but this does not include the merchants, dealers, and work

people who set diamonds in jewelry, or any of the white and colored

population engaged in diamond mining at the Cape and in Brazil. If

we estimate, therefore, the number ofdealers in Europe at about 4,000,

and about 200 in the United States and elsewhere, and the workers at

the mines, which at present are not carried on with great activity, at

between 7,000 and 8,000 persons, we reach a total approximating

28,000 people at the principal diamond centers of the world. When we

read, therefore, that in past centuries 60,000 persons were working at
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some of the Indian diamond mines at one time, this statement is perhaps

not exaggerated, since with the aid of modern machinery more is accom-

plished by 1,000 persons than formerly by twenty times that number.

Eoughly speaking, there probably are in the entire world some 6,500

cutters and about 8,000 dealers in diamonds, who carry in their stock

$350,000,000 worth of stones, which is probably one-third of the world's

entire possession at the present time; as the total value of all the

diamonds known is over $1,000,000,000.

To compare present conditions with those of the past, it is instructive

to note the enormous increase in the production of diamonds, and the

important industrial changes wrought thereby, which have resulted

from the discovery and working of the great South African mines.

During the past quarter century, 10 tons of diamonds, selling for more

than $300,000,000 uncut and $600,000,000 after cutting, have been

added to the world's wealth—an amount more than twice as great as

was known to exist before. This vast value is in the most concentrated,

portable, and ornamental form, and more convertible than anything

except gold and silver. Its accumulation has built up cities like Kim-

berley, and maintained important industries in Amsterdam and other

centers. The De Beers Company, Limited, a single corporation, with

stock having a market value quoted at over $90,000,000, controls more

than nine-tenths of the entire output, and regulates' and maintains the

price. As a result, diamond-cutting industries have been established

such as were not thought of before, employing thousands of people in

immense mills, where the cutters hire only the benches at which they

do their work.

Mr. Gardiner F. Williams, superintendent of the De Beers Diamond
Mining Company shows that diamonds were mined and sold worth

£3,239,389 during the past year. The expenditures amounted to

£1,695,293 and the profits to £1,544,096. Through improved mining

facilities they have been able to mine the blue stuff for 3 shillings 6

pence per load, formerly 5 shillings and 6 pence, and that they have

Increased the amount on the floors by 981,557 loads, equaling £2,500,000

on the floors.

In this country diamond cutting has been carried on with some suc-

cess, and the following statistics and historical notes may properly be

appended here. The ofticial census of 1890 reports as follows regard-

ing the diamond-cutting industry in the United States: In New York

in 1889 there were sixteen firms engaged in cutting and recutting dia-

monds, and in Massachusetts three. Cutting has also been carried on

at times in Pennsylvania and Illinois, but this has been discontinued.

In 1889 seven of the New York firms ran on full time, but the others

were unemployed, respectively, for 14, 50, 61, 120, 125, and 240 days,

owing to inability to obtain rough material at a price at which it could

be advantageously cut. The firms fully employed were generally the

larger ones, whose business consisted chiefly in repairing chipped or

Lmp'erfectly cut stones or in recutting stones previously cut abroad,



688 MINERAL RESOURCES.

whicb, owing to tlie superior workmansMp in command here, could be

recut at a profit, or else in recutting very valuable diamonds when it

was desired, with the certainty that the work could be done under their

own supervision, thus guarding against any possible loss or exchange

for inferior stones.

It will be seen from the following table that the industry employed

236 persons (69 under age), who received $148,114 in wages. Of the

19 establishments, 16 used steam power, which was usually rented.

Foot power was used in but one establishment. Three of the firms

were engaged in shaping black diamonds for mechanical purposes, for

glass cutters and engravers, or for use in the manufacture of watch

jewels. The average weight of the material before and after cutting-

is also given in the table. The marked difference in the prices of

diamonds, as shown, is due to variations in their weight and quality.

Beginning in the latter part of 1888, and lasting through 1889, there

was a marked increase in the price of rough diamonds, resulting in

rapid advances of from 20 to 25 per cent, at a time, amounting in all to

an increase of from 80 to 100 per cent, above the prices of the previous

years.

Census of the dlamond-cntting industry, 1889.

chusetts.
New Tork. Total.

Numlier of works
Weight of material before cuttiug. ..carats.

Weight after cutting into gems, watch jew-
els, and for mechanical uses carats

.

Value after cutting into gems
Number of men employed
Average wages per day
Average number of days employed
Number of boys employed
Average wages per day
Average niunber of days employed
Total wages
Value of machinery used in cutting

3

4,100

1,580
$41, 000

11
$4.10

300
4

$1.17
300

.$14, 932
$3, 000

16
50, 244

23, 425
$965, 716

156
$3.49

229
65

$0. 62
211

$133, 180

$74, 050

19
54,344

25, 005
$1, 006, 716

167

$3.53
234
69

$0.65
216

$148, 114
$77, 050

IMPORTS.

The diamonds used in this industry are all imported, for, as already

mentioned, they are but rarely found in the United States. The follow-

ing table gives the imports of rough diamonds for a series of twenty-

one years

:

Imports of rough or uncut diamonds since 187S.

Tears ending June 30—
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Diamonds and other precioits stones imported and entered for consumption in the United
iSlutes, 1S67 to 1S93, inclusire.

Years ending—
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The importation of rougli or uncut diamonds in 1880 amounted to

1129,207 ;• in 1889 to $250,187, and the total for the decade was $3,133,529;

while in 1883 there was imported $443,996 worth, showing- that there

was 94 j)er cent, more cutting- done in 1889 than in 1880, but markedly

more in the years 1882 and 1883. The large increase in importation is

due to the fact that in the years 1882 to 1885 a number of American

jewelers opened diamond-cutting establishments, but the cutting has

not been profitably carried on in this country on a scale large enough

to justify branch bouses in London, the great market for rough dia-

monds, where advantage can be taken of every tluctuation in the mar-

ket and large parcels purchased which can be cut immediately and

converted into cash, for nothing is bought and sold on a closer margin

than rough diamonds.

The average wages paid in the United States are $2 per carat less

bench expenses. In Boston $3 per carat and higher is paid. In one

New York shop, where mathematical accuracy is demanded, $4 per

carat is paid. During 1893 diamond cutting was carried on in the

United States by 15 firms, erax)loying each from 1 to 20 men, the total

number amounting from 130 to 150, consisting of diamond cleavers,

cutters, polishers, etc.

The American public demands a much higher quality of cutting than

the dealers of the European markets. The result is that more time is

consumed, and hence a higher rate of remuneration is demanded. But
at present less is often paid for cutting here than in Amsterdam.
Good European workmen receive an equivalent of about $2 per

carat in the shops there, while their bench expenses are less than they

are in this country. When one considers also the fact that better work
is required here for the same wages, it will be seen that there is small

inducement for Amsterdam cutters to emigrate.

This subject of diamoud-cutting in the United States is worthy of

consideration ^hen we remember that there have been imported into

the United States since 1868 more than $175,000,000 worth of diamonds,
and about $15,000,000 worth in the year between June, 1892, and
June, 1893. Of these, the original rough stones could not have cost

more than one-half. The difficulty with the diamond-cutting industry

in this country is due, as above noted, to the inability of the dealers to

obtain the rough stones at first hand, and the fact that diamond-cut-

ting is an old-established industry, and in many ways waste is pre-

vented by a more economic system of Avorking.

The pioneer diamond-cutter in the United States was Mr. Henry D.

Morse, of Boston, Massachusetts, who in early life learned the engraver's

art and later became a jeweler. In 1869, Mr. Morse had delivered to

him the Dewey diamond, weighing 25^^ carats, which was found near

Richmond, Virginia, and by adroit manipulation and due regard to

lights and geometric relations, produced from the rough stone a gem
weighing ll^^f carats, which permanently established his reputation as

a cutter and polisher.
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Shortly after the great yields of the South African diamoiirl fields

begau to attract the attention of the trade in 1871, Mr. B. S. Pray, of

Boston, at that time engaged in the African diamond trade, brought

to this country a parcel of rough diamonds with the intention of seeing

what Mr. Morse could do in the way of cutting. The two men associ-

ated themselves in business, and in a short time the industry of dia-

mond cutting was an established fact in this country. The Morse
Diamond Cutting Company was the style of the firm, and American
dealers watched the result of the undertaking with much interest.

Dutch workmen were employed at first, working under Mr. Morse's

supervision. Conformably with their long-established custom, the

workers maintained secrecy with respect to their art; but Mr. Morse,

already familiar with the work, took pains to acquaint himself with all

details, which he communicated to apprentices in a shop established

in the suburbs of Boston. When the former finally struck, Mr. Morse

was ready for them, and his American hands, men and women, took

the places of the Amsterdam cutters at once.

The firm of Crosby, Morse & Foss, which succeeded the Morse
Diamond Cutting Company, was dissolved in 1875, Mr. Morse going

into business on his own account as a cutter and dealer in diamonds.

In 1887 he again associated himself with one of his old partners, under

the style of Henry D. Morse & Charles D. Foss. Mr. Morse died on

January 2, 1888, after having lived to see the art introduced by him
extended to about a dozen cutting shops in this country at the time of

his death.

In 1870 Mr. Herrmann started the New York Diamond Cutting Com-
pany, in New York city. In his attempt to establish this industry in

the United States he has sunk three fortunes, but he still has faith in

this ultimately becoming a diamond-cutting center.

Both Mr. Morse and Mr. Herrmann taught the art of diamond cutting

to girls, which led to the taking up of this industry by women, not

only on this side of the Atlantic but to a large exten fc in France, Swit-

zerland, and other European countries. It was really these pioneer

diamond cutters that increased the taste and proficiency of the workers

abroad; for cutting diamonds as they did, with mathematical precision,

they created a demand for such work here, which the foreign cutters

had to acquire the skill to meet; and the result was a style of diamond
cutting never before equalled.

Changes in cutting machinery.—In Mr. Morse's shop, in 1872, Mr. C.

M. Field invented the first diamond-cuttir!^ machine, which has made
it possible to do the work faster and with more precision than by the

old hand process. It has been adopted in some of the larger establish-

ments in the United States, although abroad its true value has not yet
been fully recognized.

Sir Henry Bessemer has devised for the London cutters an endless

ro|)e that furnishes the power iov ^s man^ as ten diamon4 mills ^,t the
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same time, thus doing away with the long belt for each machine, l^ow,

an individual dynamo for each mill is suggested, thus dispensing with

the belts entirely, saving power and making it possible to cut diamonds

with more cleanliness than with a moving belt. This is also of interest

when one realizes that small dynamos could be attached directly to

precious-stone polishing wheels, to the gem-cutting lathe, or, better

still, to the revolving drill, such as is used for the dentist's work and

gem engraving, thus producing, as in the days of ancient Greece and

Eome, more artistic finish than would be possible by the horizontal

lathe method. This method of gem engraving was fully described by

the writer in a paper read before the ]S"ew York Academy of Sciences,

May 25, 1884.

SAPPHIRE.

About 120,000 worth of sapphire was sent abroad in 1892, but during

1893 more Montana sapphires were actually sold than in any previous

year, probably on account of the company's endeavor to introduce them

into the London market, and also because of the large influx of people

into this country and particularly to the World's Columbian Exposi

tion, where a lapidary cut and sold these stones in one of the main

aisles of the Mining Building.

,

At a meeting of the Montana Sapphire and Euby Company, held in

London, December 18, 1893, a deficit of £6,000 was shown, £158 only

having been realized from the sale of the gems during the past year.

It was also shown that in this company, which was supposed to have

been incorporated with a capital of £450,000, apparently not more than

one-tenth of that amount had been subscribed ; as the underwriters,

amongwhom were the Marquis of Lome, the Duke of Portland, and the

Duke of Leinster, representing £370,000, had withdrawn, so that in

reality only £45,000 had been actually paid in.

Among other sapphire deposits in Montana is one of 1,500 acres on

the west fork of Eock creek, 25 miles west of Phillipsburg, in Gran-

ite county, on the east slope of the Bitter Eoot range. The specimens

obtained here are red, pink, yellow, blue, and amethyst of various

shades. The matrix is an argillaceous slate. Another deposit of about

2,500 acres is situated on Dry Cottonwood creek, about 5 miles east of

the mining camp of Champion and on the western slope of the main

ridge. Within the few days that this was worked, about 25 pounds of

sapphires were found. On Eock creelc the yield is about 60 stones

to the pan of gravel, and^about 30 stones to the pan at Bed Eock,*

op Cottonwood creek. Mr, F. B. Walker mentions a locality for

sapphires as occurring about 125 miles northwest of Helena, Montana,

The earliest mention of the finding of sapphires in Montana goes back to

May 5, 1865, when they were found by Mr. Ed. E. Collins, an earnest

and reliable prospector, on claim No. 4, before the discovery of Eldo-

rado Bar. A stone was cut by Messrs. Tifi'any & Co., and another by

Messrs, M, Fox (Sf Co., New York Cit^. Mr, CoUips ^Iso gent; stqnQs tQ
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an Amsterdam diamond cutter and other parties abroad, endeavoring to

tind a market for them.

RUBY.

On the Eeeves farm, near Franklin, Macon County, Worth Carolina, in

an alluvial deposit, some very interesting crystals of ruby have been

lound in flat, hexagonal, tabular forms, occasionally 10 to 12 millimeters

.

in diameter and from 2 to 5 millimeters in thickness. Some of these crys-

tals were of fairly good ruby color. One gem weighed when cut three-

fourths of a carat; a number of others weighed from one-sixteenth to

one-half of a carat, all of good color and quite equal to the medium
rubies from Burmah, one gem selling for $50. Some investigation has

been made, but as yet they not been found in sufficient quantities to

warrant working the ground. Associated with these rubies are some

irregular fragments of almandite garnet, verylight in color, which, when

cut, produced stones of unusually brilliant, rare, and beautiful tints,

many of which have found ready sale at from $2 to $10 each. In many
respects this was one of the most beautiful varieties of almandite garnet

ever found.

It is to be hoped that the Burmah Ruby Mining Company will be

more prosperous under its new lease, for which it will now pay the sum
of 300,000 rupees instead of 400,000, as formerly, the Government,

however, receiving a royalty of 30 per cent, on all rubies found, and

the company relinquishing its right to mine for rubies in the whole of

Upper Burmah, but securing the exclusive right to mine for rubies in

the Mogok district, where the mine is situated and to which rubies

have hitherto been confined, tip to 1893 the company has not been

fortunate enough to declare a dividend.

TURQUOISE.

In 1893 turquoise has been more actively and more successfully

mined than any other gem. The Azure Mining Company reports that

material enough was mined to cut about 20,000 carats of turquoise

during the year. Half of these were very good material, many of

them small stones cut in Europe; and as the average selling price was

$5 per carat, the production for the year amounted to $50,000. This

company has adopted the system of offering to replace any stones that

may change color; and every stone is marked with a small circle

engraved on the back, showing it to be from this company's mines. Of
the thousands sold, they claim that none have as yet been returned.

Many of the stones found are of a paler blue than those formerly mined,

and have met with ready sale.

The American Turquoise Company obtained anJl sold from its various

mines $90,136.39 worth of fine blue turquoise during 1893.

The " Persian," situated near the old Castilian, 18 miles from Los

Cerrillos, New Mexico, is another turquoise claim recently taken up by
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ex-Governor Bradford L. Prince, of New Mexico. It is contemplated

to work the claim under the name of the New Mexico Turquoise Com-
pany, but since October 6, no developments have been made.

Mr. M. W. Porterfield, of Silver City, New Mexico, has found traces of

turquoise on tbe surface half a mile from the Azure mine, in the Burro

mountains, 15 miles south of Silver City, and has made excavations to

the depth of about 18 feet. The turquoise has the characteristic green

color of that in the Burro mountains. "Whether any fine material will

be found by further digging is a question.

Two other groups of turquoise mines are described by Mr. William E.

Hidden as occurring in New Mexico. {See American Journal of Science,

November, 1893, vol. 46, i)p. 400-402, and the Jewelers' Circular,

November 1 and November 8, 1893.) The first group is 15 miles south-

east of the Azure Company's mines, in what is known as the Cow Spring

district. Some prospecting had been done for turquoise, and 60 miles

in a southerly direction the locality showed evidences of prehistoric

workings 5 the matrix containing the trachyte is very similar to that in

the Burro mountains. The nearest railroad station, 22 miles north of

this locality, was abandoned because of the scarcity of the blue—the

only valuable—shades of turquoise, the scarcity of water, and the arid

condition of the surroundings.

The most important locality observed by Mr. Hidden is in Dona Ana
county, in the Jarilla mountains, loO miles east of the Burro range

The mines are situated here in an arid and desolate region. Las Cruces

being 50 miles west, and El Paso 50 miles south. The turquoise is

described as occurring in trachyte containing minute crystals of quartz

implanted in fine crystals of pyrite, granular jarosite and gypsum
coating some of the same. A shaft 70 feet deep has been sunk on the

contact with the porphyry, and turquoise was traced all the way down.

This is the light green material called '^ Shooar-me.^^ The writer

believes that the phosphoric acid of the turquoise may have been derived

from the limestone beds, adjacent to the trachyte, that may have cov-

ered this trachyte at no very distant date, and suggests that the oxida-

tion of the pyrite evidently resulted in the decomposition of the kaolin,

limonite, gypsum, and jarosite, and that this is a produet of a subse

quent kaolin, the kaolin being earlier, and the turquoise a secondary

formation, basing his opinion upon the tact that the majority of tur-

quoise deposits are semiglobular or reniform in outline, although compact

masses are found wholly occupying small cavities.

The tendency of the turquoise is said to be toward the blue, more so

than at the two other localities, although green varieties were observed

which were attributed to alteration. The turquoise found at a depth of

25 feet or taken from rock was of a rich blue, but it rapidly faded after

being detached from the matrix and becoming dry. At all three of

the localities described by Mr. Hidden the discoveries were due to the

investigation of old turquoise workings which had been considered
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merely copper stains. Ancient pottery whicli was unearthed made it

probable that the place had been abandoned for several hundred years.

Messrs. Bell & Barber have opened what they term the Blue Gem
mine and Manitou mine, at Village Grove Post-Office, Colorado, 25 miles

south of Salida. All the turquoise found there up to the present time

has been of a fair blue color, but mostly fissured and veined with small

dark streats. Few have been sold up to 1894.

George M. Bowers, of Los Angeles, California, reports the discovery ot

turquoise on the side of Turquoise mountain, near Clingman, Arizona,

40 miles from the Colorado river.

Turquoise is reported as occurring twelve miles from Hedi, King

Eiver District, Victoria, Australia, where it is found in veins in a gray

slaty rock. The color is pale blue shading to dark green. Up to

the present no fine gems have reached the gem marts, but it is believed

by the miners that they will be obtained by deeper mining.

TOURMALINE.

At the historic Mount Mica locality at Paris, Oxford county, Maine,

some work was carried on during the summer of 1893, resulting in the

discovery of a number of large green crystals, one of which famished

one of the finest tourmaline gems ever found on this continent, being

of a clear grass-greeu color and weighing G3J carats. The total find

of minerals and gems at Mount Mica for the year 1893 amounted to the

value of $3,000. Among the crystals of tourmaline were some fine

ones tipped with red, while the shafts were green with a transverse band
of indigo blue at the middle portion.

Mr. Charles Eussell Orcutt announced a new and remarkable occur-

rence of pink tourmaline in lepidolite, similar to that of Rumford,

Maine, 12 miles south of Temecula, near San Luis Eey river, in San Diego

county, the southern county of California, and it has already become
celebrated from the abundance and beauty of the specimens yielded,

as much as 20 tons having been sent East for sale. Through San
Diego county runs the Peninsula range, rising several thousand feet

between the coast and the Colorado desert. In these granite moun-
tains are dioritic intrusions and some metaraorphic schists, etc. West
of the summit lies a parallel belt of granitic rock characterized by dikes

of pegmatite, in one of the largest of which occurs this great deposit of

lepidolite with tourmaline. In Pala, a little west of Smith's mountain , in

the Peninsula range, San Diego county, California, a ledge of lepidolite

containing rubellite has been traced for over half a mile. It consists of

a coarse granite, penetrating a norite rock, and including masses of

pegmatite. Small garnets occur in the granite, and black tourmaline,

with a little green tourmaline.

The lepidolite appears in the southern portion, finally forming a defi-

nite vein which at one point is 20 yards wide. The rubellite is chiefly in

clusters and radiations, several inches in diameter, also occasionally as
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single crystals, and the specimens of deep pink tourmaline in the pale

lilac mica are remarkably elegant. About 18 tons were mined during

1892. Ko work has been done since then.

Tourmalines are mined at the California gem mine, the San Jacinto

gem minei, and the Columbian gem mine, near Riverside, California.

These three mining claims cover the ground on which the tourmaline is

found, and are situated in the San Jacinto range of mountains in River-

side township, California-, at an altitude of 6,500 feet, overlooking Hemet
valley and the Cohuilla valley, and are 27 miles from the railroad. The
formation in which the crystals are found is a vein from 40 to 50 feet

wide running almost north and south through the old crystalline rocks

which make up the mountain range.

The vein in some placesconsistsof pure feldspar, or else feldspar with

quartz, in others all mica, and in others rose quartz and smoky quartz.

The tourmalines vary in size from almost micrograins to crystals 4

inches in diameter. They are most plentiful in feldspar, but are found

in other portions of the vein, sometimes in pockets and sometimes iso-

lated. The larger crystals generally have a green exterior and are red

or pink in the center. Some of the crystals contain green, red, pink,

black, and intermediate colors: others again are all of uniform tint

—

red, pink, colorless, or blue.

Associated with the tourmahiies are rose quartz, smoky quartz, aste-

riated quartz, and fluorite, and some of the quartz was penetrated with

fine, hair-like crystals of tourmaline, strikinglylike a similar occurrence

of rutile. One of the finest specimens found is now in the Harvard
College collection at Cambridge, Massachusetts. Another is in the

American Museum of Natural History, l^ew York City.

A fuller description is contained in "The Bullion," El Paso, Texas,

pp. 3-4, February 13, 1894.

BERYL, EMERALD, AQUAMARINE.

'No work was done at the emerald and hiddenite mine in Alexander
county, North Carolina, during 1893.

According to the last report of the British minister at Bogota, the

celebrated emerald mines of Muzo are situated about 80 miles to the

north and northwest of Bogota, on the banks of the river Minero.

They are Government property, but are farmed out to a Columbian-
French syndicate at a yearly rental of $11,250 (£2,250). The Avorking

expenses can be roughly estimated at $50,000 (£10,000) per annum,
and the mines yield a fair profit, the production of emeralds being of

the value of about 1100,000 (£20,000) annually. The rough stones are

mostly sent to Paris to be put, as native work is inferior to foreign.

These mines are situated in a very rough, wild country, with nearly

impassable roads; at the present time there are about 300 natives

employed there. The mode of working is by open cuts, the debris

being washed down the river by water collected in a reservoir built

above the level of the mine.
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The Emerald Mining Company of Colombia was reorganized during

the year 1891 in Loudon, and it was believed by the company that

emeralds quite as fine as those from the famous Muzo mine would be

found. The property was purchased for $1,100,000, all of which, except

$10,000, was paid for by the shares of the company, in the expectation

that emeralds would be obtained much sooner thau they have been.

Mr. A. M. Field, of Asheville, North Carolina, reports that he has sold

89 beryls from Mitchell and Yancey counties, value $311.40. The
prices vary from $1 to $20 per carat.

GARNET.

Mr. Field also found 118 garnets, worth $117, in Burke and Macon
counties, North Carolina. The value per carat was from $1 to $10.

The essonite locality in Phippsburg, Maine, was worked by Mr. T. P.

Lamb in 1893, and specimens valued at $250 were obtained.

MOSS AGATE.

At Hartville, Wyoming, large masses of moss agate, weighing from

40 to 50 pounds each, and covered on the outside with a wTiite calcare-

ous incrustation, have been found in a limestone rock on a 100-acre

ciaim. When they are cut into translucent slabs, they show the mag-

nificent black dendritic or moss-like markings in a most striking man-
ner. Some table tops of this elegant material were exhibited in the

Wyoming section of the Mining building at the World's Columbian

Exposition. About 4,000 pounds have been found.

HTDROLITE.

Some remarkable specimens of hydrolite from the Cowlitz district,

Washington State, were shown the writer by Mr. J. P. H. Morris, con-

sisting of agate replacing fossil marine shells. Some of these silicified

shells were nearly 2 inches across and of a beautiful white color, and
were replaced by quartz and chalcedony, and filled with water and
moving bubbles of air. They were valued from $1 to $15 each.

DUMOETIERITE.

Mr. John Stewart, of Los Angeles, California, informs me that he has
found dumortierite in quartz on the land of Mr. Carey, 50 miles north

of Yuma, and 11 miles west of the Colorado river on the Colorado

desert, and about 25 miles from the Southern Pacific Railroad track.

Here it occurs in blocks weighing several hundred pounds and upwards,

and varies from dark blue to light blue and a mixture of blue and
white, the occurrence being similar to that at Clipp, Yuma county,

Arizona.

Mr. Stewart believes that this material can be delivered for $200 per

ton on cars, and as the dumortierite thoroughly impregnates the quartz
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rock, this ought to find a market as a high-class ornamental stone. It is

mistaken here for lapis lazuli. The locality where this duniortierite

occurs can be worked only in the winter or in the rainy season, as the

wat«r has to be hauled from the Colorado river, and the climate is too

hot from June until December for horses or white men in that locality.

OPAL.

Opals were discovered in Idaho during the surhmer of 1892 by Mr.

George Shirley, Mr. F. B. Schermerhorn, and Mr. H. C. Anchor, who
kindly fnrnished me with the following information.

The Owyhee opal mines of Idaho are situated on section 13, township

1 north, range 4 west, Boise meridian, about 3 miles from Snake river

in Owyhee county. The work done on the mine amounted to about

eight months' work for two men. The opal taken out amounted to about

7,000 carats in the rough, varying from transparent fire opal to tbe finest

white noble opal; but nearly all that they found was given away or

poorly marketed. They are found in a dike or vein of dark blue or

black andesjte rock, 25 feet in thickness, running in a northwest and

southeast direction with a nearly perpendicular pitch. This crops out

on the surface for a distance of about 750 feet in length by 25 feet wide.

In the center of this dike is a stratum of jasper, very hard, 4 to 5 feet

wide, on each side of which the opals are found in seams and flat pockets.

Opals have been traced for a distance of 250 feet along the surface.

The greatest depth reached is about 20 feet, all open cuts.

Korth of and parallel with this dike is a smaller dike traced for about

50 feet in length, by 8 feet in width. It has produced about 1,000

carats of good stones.

The North America Gem and Opal Mining Company, which works

the mines at Moscow, Idaho, did no work during the year 1893, owing

to a litigation with a former owner; but it is believed that in 1894

active operations will be carried on.

Opals were announced as having been discovered on a school section

in Lincoln county, Washington, and a committee was appointed to

investigate and report upon the discovery. It proved not to be a genuine

find.

During the past two years opals have been found at Wilcannia, New
South Wales, which in quality are quite equal to those from the famous

Hungarian mines. It is reported that about 500 men are already on

the fields and an immense amount of work and prospecting is going on.

The opals found here are generally free from the yellow tint which

the Queensland stones show by transmitted light. They are found in

a fossiliferous sandstone rock. Many of the fossil univalve and bivalve

shells are entirely changed to a beautiful noble opal, as is also the case

with wood and branches of trees found in* the same district. Some tine

stones weighing nearly 50 carats each have been obtained at this place.
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STAUBOLITE.

Diiring 1893 a large quantity of small crystals of twinned cruciform

crystals of staurolite have been found in Patrick county near the Henry
County line, Virginia, and they have been drilled at one end, a small eye

inserted, and sold as lucky charms. About $500 worth were sold during

the past year.

JADEITE.

There are at present two groups ofjadeite quarries in Upper Burmah,
which the French vice-consul says are situated respectively at the

summit of the mountain near the village of Jawmaw and in the valley

of the river Urn, the latter commencing near Sanka and extending for

some miles below the mountain. The geographical position of Jawmaw
is in latitude 25 degrees and 44 minutes north latitude, and 96 degrees

and 14 minutes east longitude, while Sanka is about 6 miles from the

east coast. According to all accounts, the river mines are the oldest,

those on the mountaintop having only been discovered some fifteen

years ago. In the valley of the Uru the jade is found in blocks in the

alluvial sediment of the river. Where it is imbedded or is found in

heavy masses, a primitive method for obtaining the material is adopted,

namely, heating by fire on the surface, the reduction of the temper-

ature during the night sufflcing to crack the rock, and then by pure

force the blocks are broken into transportable pieces. The mines are

claimed by a native, who collects a royalty on all the jade produced

at a variable revenue. The jadeite, Feitsui or imperial jade, harder

than jade (neplu-ite) but not so tough, is a striking example of the

favor that certain persons bestow upon a particular article, whereas

others look upon the same article with indifference, and would not

give centimes for that which the others have paid gold. The Bur-

mese, but principally the Chinese, appreciate a fine piece of jadeite

as much as—if not more than—gold. For example, a piece of jadeite,

only sufficient for a bracelet, will fetch 400 to 500 rupees, whereas in

Europe it would not fetch a small part of that amount. While China

and Burmah are the only markets for the sale of jadeite, it should

not be forgotten that the population of these two countries is at least

450,000,000, ready to buy all available jade. However this may be,

and whatever the price of jadeite as an article of commerce, the fact

is certain that it exists in inexhaustible quantities. If methodical

processes of extraction were put in operation, if dynamite replaced

the savage methods now employed, if one head in place of a hundred
directed the work, the production of jadeite could be made enormous.

But will a European company methodically work the deposits, in place

of the Kachin savages who exploit them now "?" The vice-consul replies

:

"It is improbable, because the difficulties of the undertaking would be
too great."
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The revenue for 1892-'93 was 35,000 rupees and for the year 1893-'4,

52,000 rupees.

LAPIS LAZULI.

One of the many remarkable obiects in the Montez collection,

Anthropological Building, at the World's Fair, was an immense mass of

lapis lazuli measuring 26 inches by 14 by 8, and weighing 360 pounds,

found in a stone grave in the vicinity of Chankas, Peru. The lapis lazuli

was of a fine blue color and this is one of the largest masses known. In

the Montez collection there was also anumber of small idols and figurines

of light green and dark green turquoise, the blue color having been

destroyed by burial, if it had ever existed. These were obtained in

the same region of Chankas, in a stone grave. With them were some

small animals made of sodalite mistaken for lapis lazuli, also found in

the vicinity of Chankas, near Cuzco, Peru. The entire collection has

been acquired by the Field Columbian Museum at Chicago.

LABBADOBITE.

The original locality on the coast of Labrador has been prospected

for the past two years, and. Lloyd. & Taber, of New York, have-

obtained an extensive Government grant of the only available deposits,

from v/hich they have already obtained four tons of good material.

GEM EXPLORATIOIV IIV CEYLON.

Mr. Barrington Brown in January, 1893, presented a report on gem-

minlng to the Ceylon Gem and. Mining Syndicate, limited. In this

report he says that the rock formations of the island are chiefly gneiss,

permeated occasionally by graphite, garnet, and occasional beds of

limestone, and suggests that the latter may be the source of the spinels

which are occasionally found with the rubies and sapphires.

In the districts visited the gems are generally found in beds of gravel

called Ulan by the natives. Usually a number of beds of this Ulan

occur, one over the other, separated by strata of alluvial matter in the

form of mold or clay. The problem which presents itself to those in

the syndicate is to find inexpensive methods of working the lower beds

of gravel; as the upper strata have undoubtedly been frequently

worked in the search for gems during the many centuries in which

gem mining has been carried on by the Singalese, as well as by the

natives of India, who have visited the island for this purpose. There

is only one instance mentioned of valuable gems being found in the

main mass of gneissoid rock. They are always found in the gravel,

and hence the rocks have never been searched. Mining is entirely

carried on in the beds of streams and rivers, both ancient and modern,

where the gems must have either fallen from the overhanging rocks,

or come from the wearing down of rocks at some distance from the

river by tributary streams.
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Eubies, sapphires, cat's-eyes, alexandrites, etc., are the gems sought

for, but with these zircon, chrysoberyl, tourmalines, wspinels, garnets,*

and other gems are also obtained. It is proposed to work the streams

by means of dredges and other improved mining machinery. The
properties mentioned are in Ratnapura, Eakwanne, and Doloswella.

In the district acquired by the syndicate are several localities in the

province of Sabaragamuwa. The gems occurring here are true sap-

phires, rubies, and cat's-eyes. Many valuable ones have been found,

and the localities have been worked from time immemorial.

ARTIFICIAL PRECIOUS STONES.

Frequent references have been made in the public press during the

year 1893 to Mr. Thomas A. Edison's experiments in r)roducing artificial

rubies and sapphires. As so much stress is laid commercially on the

success of such attempts, inquiry was made of him by the writer as to

whether his results had been satisfactory or not. He responded as

.follows: "The experiments to which you refer were given up because

it was found impossible to produce stones free from bubbles, which

rendered them useless for cutting edges." This referred to their use as

points for the phonograph, but the same objection would render them
valueless as gems.

In reference to a statement that the Cowles Electric Smelting and
Aluminum Company is suffering an infringement on its patent for

making artificial diamonds by means of an electric fnrnace, Mr. Cowles,

the inventor, informs me that the statement is incorrect in so far as it

relates to the subject of artificial diamonds, they never having produced

any diamonds. Therefore another reputed artificial diamond discovery

has been withdrawn. The Cowles brothers claim that they were the

first to put on record the direct reduction of silicon from silica in the

presence of carbon and in the absence of a base metal to alloy, with the

product,, and they claim that the product they secured is the same as

the substance "carborundum " (a) lately introduced as a polishing mate-

rial. In this substance the Carborundum Company has discovered that

there is carbon in combination with the silicon, forining a carbide, They
now hold a patent secured on the composition of the carbides,

The new composition known as carborundum is essentially a carbide

of silicon, containing silicon 69*10 per cent, and carbon 30'20 per cent,

I)r. Mulhauser gives the specific gravity of green crystals as 3'22; Mr, J,

W. Eichards, 3-0123, In form the crystals are hexagonal, either in flat

plates or in short, stout rhombohedral plates, varying from one-half to

2^ millimeters in diameter. This material has been used as a high-

class abrasive for wheels, dental tools, glass grinders, etc.

In August, 1893, the writer, while examining the hardness of carborun-

dum, found that it readily scratched red, blue, white, pink, and yellow

a "Carborundum" by Acheson. See Jourual of the Franklin Institute, June 1,

1893; and William P. Blake, Engineering and Mining Journal, September 9, 1893^

pp. 270-330, September 23, 1893, -
,
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corundum in tlie form of fine gems. It having been suggested that this

material would cut and polish a diamond, an experiment was made on a

new wheel in the mining building at the World's Columbian Exposition.

After several trials it was found that the carborundum used would not

scratch or polish the diamond, but on the other hana it was easily

scratched by diamond cleavages and crystal faces.

This experiment is only mentioned as it precludes any possibility of

the material which has been found in the Canyon Diablo meteorite being

any compound of carbon and silicon, such as the new interesting and
valuable abrasive material just mentioned. But it establishes the fact

that we have here an artificial substance that exceeds all natural sub-

stances except the diamond in hardness, *. e., being harder than 9, but

still far distant from 10.



FERTILIZERS.

PHOSPHATE ROCK.

Production.—AltbougTi the total product from all sources increased

from 081,571 long tons in 1892 to 941,368 long tons in 1893, the apparent

increase loses part of its significance because of stocks of 1892 being

included in the 1893 output. As shown by the tables below, both

Florida and South Carolina shared in the increase, which was more
marked however in Florida. South Carolina was crippled by the storm

of August 27, by far the most disastrous of many years, and practically

stopping work in the region of Beaufort. The royalty question between

the producers of river rock and the State authorities also lessened the

South Carolina product.

In spite of the depressed prices during the first part of 1893, the total

value ($4,136,070) for the product of the year shows only a slight

reduction in the average price. The increase in Florida towards the

end of the year was chiefly due to the devastation of the works at Beau-

fort, South Carolina, but also to more accurate knowledge of the extent

of the Florida deposits.

Product of phosphate rock in 1891, 1892, and 1893.

States.
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SOTJTHCAROLIXA.

The increased production noted, from 394,228 long tons, worth

11,877,709 in 1892, to 502,564 long tons, worth $2,157,014 in 1893, would

have been much greater but for the cyclone of August 27, which

wrecked many buildings, tore up railroad sidings, and did other heavy

damage in the neighborhood of Charleston, and was especially disas-

trous to the river mining at Beaufort.

The royalty dispute between the State and the river miners has also

had important bearing on the progress of that branch of phosphate-

mining during the year. It is thus told by Maj. Edward Willis:

By an act dated March 1, 1870, the State granted to certain persons

the right to dig phosphate rock in the beds of the navigable streams of

the State for twenty-one years. By a subsequent act approved March 28,

1876, the exclusive right was granted to the Coosaw Mining Company to

mine phosphate rock in the Coosaw river, so long as and no longer than

they should make returns and pay royalty as prescribed by the act.

Under this grant the Coosaw company claimed an indefinite exclusive

right to mine in the territory named, so long as they made the stated

returns and paid the said royalty. The State, on the other side, claimed

that this act must be limited by the act of 1870, and that the period in

which said right inured to the Coosaw company was only for the bal-

ance of the period of twenty-one years lixed by the act of 1870.

By an act dated December 23, 1890, the legislature created a Board

of Phosphate Commissioners, and among other things ordered them, on

and. after March 1, 1891, when the original period of twenty-one years

expired, to 'take possession and control of the Coosaw river phosphate

territory theretofore occupied by the Coosaw Mining Company, and to

issue licenses to other parties to mine therein.' The act was very

drastic in its terms, and provided the severest kind of penalties, witl^

confiscation of plant, and fine and imprisonment for all parties digging

without a license.

Ou March 1, 1891, the Board of Phosphate Commissioners took posr

session of the Coosaw river, issued licenses to other companies which

started mining therein, whereupon the Coosaw company filed its bill

for injunction in the Ujiited States court. The court after full argu-

paent on the merits, decided in favor of the State, holding that the

period for the exclusive right to the Coosaw comiiany expired ou

March 1, 1891, This judgpaent was affirmed on appeal by the Supreme

Court of the United States, Thereupon, licenses to mine were issued

to all the companies in the Coosaw river, and they ^,11 mined ther^

until the cyclone on August 27, 1893.

Under the acts in force up to that time, the companies so mining paid

royalty at the rate of $1 per ton for crude rock, to which was added

about 5 per cent, as a difference between crude and dried rock, so that

t^ey paid about $1.05 on tUe rock as shippedt
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The cycloue worked great havoc aiul disaster with all of the mining

plants. The dredge of the Brotherhood Conii)auy, which is by far the

largest dredge at work, was turned bottom upwards in the river, all

the dredges of the other companies were driven ashore, and many of

them were wrecked. The total damage to the plants ashore and afloat

was estimated at about $300,000. The Board of Phosphate Commis-

sioners then met and offered the phosphate companies, if they would

restore their plants and resume operation, a reduction of the royalty to

50 cents for the balance of the year 1893, and a relief of all royalty

during the year 1894, after they had paid in $75,000 to the State. This

ofier the companies refused. Their damage was so great that it would

take them months to get to work again, and the offer was not a sufficient

inducement for the outlay of new capital necessary.

There was some correspondence between the companies and the Board

of Commissioners. The^natter remained in statu quo until the meet-

ing of the legislature in December, 1893. Then the legislature took it

up through the appropriate committee and, after due consideration,

reported a bill, which passed, allowing the companies to pay a royalty

of 50 cents a ton on all rock, the value of which to the companies free

on board at the wharf did not exceed $4 a ton. For all excess between

$4 and $4.50 the companies were to pay one-third of such excess, and

for all excess over $4.50 the companies were to pay one half of such

excess. This act to remain in force for the period of five years.

The companies accepted the terms of this offer and went actively to

work to repair the damages. The Farmers' Mining Company have

both their dredges at work; the Beaufort Mining Company has its

one dredge also at work. Out of iive dredges at work at the time of

the cyclone the Coosaw company has three in operation and two very

nearly ready to go to work. Brotherhood's dredge is being repaired,

but it will take several months to put it into operating condition.

The damage done by the cyclone was done both to the shore and to

the water plants. The latter were scattered in every direction. Much
of it was sunk and the balance was driven uj) on the marshes and

shores of the rivers adjacent, and more or less seriously damaged. The
shore plant at some of the works suffered terribly. The long line of

expensive wharves fronting the river, consisting of the regular wharves

with the overhead system of railways for the purpose of receiving

and discharging rock, was all swept away; drying sheds and other

buildings were terribly damaged, and great loss was caused thereby.

Much of this damage has been restored since the first of last January.

Much yet remains to be done, and the comiDauies are at work doing it.

MIN 93 45
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The following tables continue the statement of the total amount of

land and river rock mined in South Carolina and the disposition made
of the product

:

Phosjjhate rock (^washed product) mined hy the land and river mining Companies of South
Carolina.

Tears ending

—

Land com-
panies.

Elver com-
panies.

Total.

May, 1867
1868
3869...
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882.
1883
1884
1885

Dec. 31, 1885, (from June 1) .

.

1886 (Calendar year)
1887
1888
1889
1890
1891
1892....
1893

Long tons.
6

12, 262
31, 958
63, 252
56, 533
36, 258
33, 426
51, 624
54, 821
50, 566
36, 431

112, «22
100, 779
125, 601
142, 193
191,305
219, 202
250, 297
225, 913
149, 400
253, 484
261, 658
290, 689
329, 543
353, 757
344, 978
243, 652
308, 425

Long tons,

1,989
17, 655

22, 502
45, 777
57, 716
67, 969
81, 912
126,569
97, 700
98, 586
65, 162

124, 541
140, 772
159, 178
181, 482
169, 490
128, 389
177, 065
218, 900
157, 878
212, 102
110, 241
130. 528
150, 575
194, 129

Long tons.
6

12, 262
31, 958
65, 241
74, 188
58, 760
79, 203

109, 340
122, 790
132, 478
163, 000
210, 322
199, 365
190, 763
266, 734
332, 077
378, 380
431, 779
395, 403
277, 789
430, 549
480, 558
448, 567
541, 645
463, 998
475, 506
394, 223
502, 564
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Detailed statement of total foreign and coastiinsc sliipments and local consumption since

July 1, 1874.

Periods.

June ], 1874, to May 3], 1875 }

June 1, 1875, to May 31, 1876)

June 1, 1876, to May 31, 1877 )

June 1, 1877, to May 31, 1878?

June 1 , 1878, to May 31, 1879
^

June 1, 1879, to May 31, 1880 )

June 1. 1880, to May 31, 1881

)

Juno 1, 1881, to May 31, 1882 )

June 1, 1882, to May 31, 1883

June 1, 1883, to May 31, 1884

June 1, 1884, to May 31, 1885

June 1, 1885, to Dec. 31,1885 )

Jan. 1, 1886, to Dec. 31, 1886 )

Jan. 1, 1887, to Dec. 31, 1887 )

Jan. 1, 1888, to Dec. 31, 1888 )

Jan. 1, 1889, to Dec. 31, 1889)

Jan. 1, 1890, to Dec. 31, 1890 )

Jan. 1, 1891, to Dec. 31, 1891 \

Jan. 1, 1892, to Dec.

Jan. 1, 1893, to Deo. 31, 1893 <

c. 31, 1892 )

SliijtiiiontH and
con.sMiuidion.

Foreijo^n porta
Domestic ports . ..

Coii.sumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic porta - ..

Consumed
Foreign ports
Domestic porta - .

.

Consumed
Foreign ports
.Domestic ports . .

.

Consumed
Foreign X'orts
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . - -

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed
Foreign ports
Domestic ports - .

.

Consumed
Foreign ports
Domestic ports
Consumed
Foreign poi ts .

.

Domestic ports - .

.

Consumed
Foreign ports
Domestic ports . .

.

Consumed

Beaufort.

Long
tons.

44, 617
7,000

50. 384
9,400

73, 923
6,285

100, 619
8,217

97, 799
8,618

47, 157

13, 346

62, 200
65, 895

89, 581
65, 340

94, 789
62, 175

132. 114
41, 040
5,800

111, 075
44, 130
12, 000

105, 761
16, 321
5,000

153, 443
14, 622
9,000

189, 995
15, 905
13. 000

124, 474
20, 404
13. 000

137, 102
60, 000
15, 000
72. 241
15, 000
13, 000
94, 528
22, 000
14, 000

105. 150
30, 425
15, 000

156, 257
22, 872
15, 000

Charles-
ton.

Long
tonit.

25, 929
25. 500

19,

91

38
22

111
42
28
150
42
20
181
50,

11

161
55
8

112
30,

5,

187
60.

9,

181
70
3

212
75
5,

248
75,

55
213
85.

4
252
88
5

148,

90

160
147

Total.

Long
tons.

70, 540
32
19
75
38
18

102
47
13

121
68,

17
119,

60,

18,

61
107,

22,

70
157
38,

112,

176,

42,

123
212,

42
152
222,

50
122,

205!

67
114,

128,

35
159,

202,

69
199
197

83,

128
232
88

143
308
90
127
228,

98,

99,

274
102
110
179
105
156
183
162

Total for
eacii year.
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PLORIDA.

The product increased to a total of 438,804 long tons, wortli at the

mines $1,979,056. The condition of the industry at the close of the

year improved, notwithstanding this increased product. The most

immediate factor in the increased price which showed itself in the

latter part of the year was the crippling of the competing industry in

South Carolina by the great storm; but more permanent improvement

was effected in the foreign market, first, by investigations of the reported

Algerian phosphates which, as usual, had a quieting effect on the

rumors of large and cheap supplies from this source. The most impor-

tant effect on the Florida business was due to the fact that the sensa-

tional reports which have gone abroad have about spent their force,

and the actual mining Conditions are better understood. As is well

known, reports have made the foreign consumers think of western

Florida as a smooth tract of phosphate, of which it was possible to

state the available tonnage by the cubic contents of that part of the

State obtained from the acreage multiplied by a theoretical depth.

The utter recklessness^of such a method is realized when it is under-

stood that the floor of the phosphate section is limestone rock, with an

extremely irregular surface. At places this limestone outcrops; at

others it is covered with still more irregular deposits of phosphate

rock, clay, and sand. In one j)lace the phosphate rock will be visible

at the surface, and a few feet away it is likely to be found covered with

many feet of barren sand or clay, or both. The rock must be sought,

therefore, above the pitted, often jagged, surface of the limestone, and
below the equally irregular piles of sand and clay. And even then the

phosphate boulders and pebbles must be separated from the sand and
clay with much labor and mechanical ingenuity, which has developed a

system of mining that is somewhat novel, and, therefore, requiring com-

paratively costly supervision to adapt it to the constantly changing

details of occurrence, even after expert and costly prospecting has

defined the deposit. With the uncertainty as to the i)ersistency of a

given deposit, the phosphate is not, as a rule, followed below water

level. It will be understood that the writer is endeavoring to represent

the condition of things in what is generally thought of as the Florida

phosphate field, i. e., the " hard-rock" region. The pebble region, which,

by the way, is developing more satisfactorily than the rock phosphate,

is susceptible of more systematic treatment; but even here the necessity

is recognized for the greatest skill in selecting only here and there a

property which may be profitably worked.

Great improvement is noticable in the methods of saving the small

pebbles occurring with the larger boulders of phosphate in the hard

rock region, and also the sand phosphate occurring with the land and

river pebble, most of which has been screened to waste. Indeed it

may be said in general that the mining features have been studied more
carefully, or more successfully, than the financiering part of the problem.
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After the usual primitive and careless metliods of effecting sales, char-

acteristic of a new mining- region, have had time for teaching their

costly lessons, it might be expected that the finaiicial results would be
as good as the condition of demand and supply could possibly warrant.

But there is general doubt as to whether this condition has been real-

ized. It is confidently asserted by producers in the best position to

judge that the price should be nearly double that which is now real-

ized, and further, that the foreign manufacturers, who are the best

customers for high grade phosphate rock, are perfectly willing to ^ay
this high price provided they can be assured that all must pay it, and
there is to be no great deviation in the price. The most evident policy

which suggests itself, that of combination, still seems difficult to effect.

For this reason there are many devices, one of which is the offer of phos-

phate on the market which has not even been mined, employed in order

to secure an advance to aid in producing it. The market is thus

depressed by phosphate which will not be used for one or more years.

It is to be regretted that while these experiments are bearing their

results, some of the best phosphate is leaving the country, for when
this Florida rock is once found, then exploited, mined, washed, dried,

and finally marketed it is without question the most satisfactory mate-

rial for the manufacture of fertilizers known in the world.

TENNESSEE.

Near the close of 1S93 attention was called to the occurrences of

pliosphatic nodules which have long been known in several counties

in Tennessee southwest of Nashville, especially in Lewis and Hickman
counties. Hoheuwald in Lewis county at once became a center for

phosphate prospectors, and their developments have been recorded

with especial promptness in the Manufacturers' Eecord. Analyses by
Dr. J. C. Wharton and others of many specimens have shown that

material containing as high as 65 per cent, of ordinary calcium phos-

phate, Ca3(P04)2, can be obtained. It was then shown by Prof. J. M.
Safford, State geologist of Tennessee, in an article in the American
Geologist, that in addition to the phosphatic nodules occurring above
the Devonian (" Harpeth ") shales, there is a layer of stratified x)hos-

phate rock occurring immediately under the shale. This stratified rock

frequently yields 50 to 70 per cent, of phosphate of lime. At certain

points the rock contains fish teeth and fragments of bones, having the

appearance of a bone bed. It also shows, occasionally, indications of

coprolitic origin.

Mr. C. (or. Memminger, who has just examined the region, makes the

following report to the Survey: The phosphate deposits cover a terri-

tory about 80 miles long by 25 wide. Phosphate rock is found at

different points all through this territory, but it appears that the work-

able deposits cover an area not exceeding 20 miles long by 8 wide on
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the waters of Swan Greek, coveriug the Tottys Bend and Fall Branch
deposits.

The surface of this section is hilly and undulating-, cut at frequent

intervals by numerous streams; the valley proper, however, Swan
Creek, being comparatively level, with foothills rising on either side to

a height of 800 feet. In the natural sections along these foothills the

phosphate outcrops appear.

The phosphate deposit occurs in a regular vein between the Chatta-

nooga shale and the Devonian limestone. The veins lie almost hori-

zontally, occasionally folding slightly with the general formation of

the country. The limestone for several inches immediately under the

phosphate veins carries a considerable percentage of phosphoric acid.

A vertical section of the formation would be as follows

:

Section of Tennessee phosphate formation.

1. Harpeth shale 20 to 25 feet.

2. Nodular phosphate 6 inches to 1 foot.

3. Chattanooga shale 2 to 25 feet.

4. Vein of phosphate rock 6 to 40 inches.

5. Finally, underlying limestone. ^

The phosphate nodules which cover the black shales, although of

good quality, can not be profitably mined, unless the shale thins out,

bringing them in immediate contact with the phosphate vein. At one

or two points nodules were found in the shale ; usually they occur in

the bluish clay matrix, and immediately overlie the shale. The geolog-

ical position of these deposits is a definite one, marked and easily

defined; they have a wide range and distinctive stratigraphical posi-

tion ; there is no great difficulty in tracing the outcroppings of the

veins.

Physical characteristics.—The phosphate is (1) a dull bluish, fine-

grained rock, or (2) a grayish rock showing a conglomerate structure

under the microscope. Where the rock has been lying exposed to the

air, oxidation of the iron has taken place, turning the rock to a brown-

ish color. The siDCcific gravity of the rock is 2.8; hardness, 3.5; weight

per cubic foot, 175 pounds. The rock can be ground easily. The gene-

ral average thickness of the veins at the most promising territory ex-

amined was 30 inches. The thickest vein measured was 40 inches. It

is not possible at the present state of development, for lack of accurate

surveys, etc., to give tonnage estimates, especially as none of the veins

have been opened up under cover, but from the general conditions, ap-

parent uniformity of the veins, and the area over which they extend, it

is safe to state that these 'deposits are capable of producing an immense

amount of phosphate.
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Quality.—The following aiuilyses represent average samples taken

from different localities on the vein, extending over a distance of 10 to

12 miles. The presence of pyrite, or, more strictly speaking, marcasite,

was noted at each locality from which samples were drawn, and appears

to be characteristic of these deposits.

Analyses ofphosphatefrom loestern Tennessee.

No. 1. No. 2. No. 3.

Moisture
Insoluble siliceous matter
Alumina
Iron oxide
Iron sulphide i'eSa pyrite
Carbonic oxide
Sulphur ,

Phosphoric acid
Lime fluorine and organic matter

Total

Per cent.

2.10
2.82
1.60
1.04
1.75
4.06
2.34

34.68
50.11

100

Per cent.

2
1.69
1.92
86

1.88
2.72
2.55

32.91
53.47

100

Per cent.

1.35
4.67
1.06

74
1.80
2.53
2.63
33.81
51.41

100

The percentage of iron oxide and alumina is low, the bulk of the iron

being combined with sulphur to form the pyrite. This jDhosphate from
its chemical composition, is undoubtedly well adapted to the manufac-
ture of superphosphate, and will unquestionably command a market
both in Europe and in the TJnited States.

Method of mining.—The rock should be mined by the ordinary coal-

mining method, probably with some local modifications.

The nearest railroad at present is a road running to Etna Furnaces,
average distance four miles, but already surveys are in progress for

the construction of a line through the phosphate territory. One of the
most notable features of these deposits is, that the rock will not have
to be washed and dried, as is the case with Carolina and Florida phos-

phates. The mining outfit, therefore, will be much less expensive. It

is yet too early in the history of the development of these deposits to

make estimate as to the exact cost of production, but there seems to

be no doubt that where the vein exceeds 20 inches in thickness they
can be worked at a profit, and if suitable freight rates can be obtained,

will become an important source of supply for both Europe and in this

country.
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NORTH CAROLINA.

The Korth Carolina Pliospliate Company, at Castle Hayne, continued

mining and wasliiug the conglomerate found in that region. About

7,000 tons were sold at |3 per ton, on cars at Castle Hayne. The rock

contains about 50 per cent of bone phosphate. The plant has lately

been enlarged to double its capacity, with the expectation of shipping

15,000 tons in 1894*. Other owners of similar land have engaged experts

from the land-pebble region in Florida to explore their property.

Fertilizers imx^oried and entered for consumption in the United States, 1868 to 1893.

Years ending

—



GYPSUM.
The product of gypsum in tlie United States during 1893 did not differ

materially from that of the preceding year either in amount or value.

The amount was a little less, being 253,615 short tons against 256,259

short tons; a decrease of 2,644 tons; the value increased slightly

—

from $695,492 to $696,615, a gain of $1,123. This increase in value is

accounted for, not by an improvement in prices, but by the calcining of

a larger amount into plaster of Paris. The amount of gypsum calcined

in 1892 was 150,511 short tons, yielding 106,141 short tons of calcined

plaster, worth $508,448, an average of $4.79 per ton. In 1893 the

amount calcined was 160,399 short tons, producing 122,927 tons of plas-

ter, worth $518,390, an average of $4,22 per ton, a loss of 57 cents per

ton, as compared with the previous year, though the total value shows
a gain of nearly $10,000. In the amount ground and sold for land plas-

ter there was an increase from 47^668 short tons in 1892 to 50,408 short

tons in 1893, while the value remained practically unchanged, being

$106,247 in 1892 and $106,365, a difference of only $118. In the amount
sold crude there was a comparative increase in the value, though the

total amount was less. The product in 1892 was 58,080 short tons, val-

ued at $80,797, and in 1893, 43,108 short tons, worth $72,010. The fol-

lowing table shows the production in 1893 by States. In order not to

disclose confidential statements furnished by producers, the products

of Ohio and Texas have been consolidated, there being only one opera-

tor in each of those States. No product was reported from Colorado,

Utah, and Wyoming, and the mines in California were not worked, the

manufacturers of plaster of Paris obtaining their supplies of crude

gypsum from Mexico. Eegard ing the conditions of the industry during

1893 there is little to be said. Some operators report an improvement
as compared with the preceding year; some report much poorer busi-

ness; but the majority of correspondents state that while during the

first half of the year trade was in a satisfactory condition, that of the

latter half was depressed so as to more than balance the former good
condition.

713
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Product of gypsum in the United States in 1S93, hy States.

States.
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Comparative stalisilcs of gypsum production for five years.

States.
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Ganadiaii production.—According to the Statistical Year Book the

production of gypsum in the Dominion is steadily increasing. It is at

present worked only in Ontario, i^Tew Brunswick, and ]S"ova Scotia,

though deposits have been found in Manitoba and the I^orthwest Terri-

tories. The following table shows the production and exports since

1886:

Production and exports of Canadian gypsum from 18S6 to 1892.

Years.

Production.

Juantity. "Value

Exports.

Quantity. Value

1886
1887
1888
1889
1890
1891
1892
1893

Short tons.

162, 000
154,008
175, 887
213, 273
226, 509
203, 545
226, 568
192,568

$178, 742
157, 277
179, 393
205, 108
194, 033
192,096
225, 260
196, 150

Short tons.

142, 833
132, 724
125, 508
178, 182
175, 691
172, 496
178, 518

$155, 213
146, 542
121, 389
194, 404
192, 254
184, 977
194, 304

The production of gyi)sum in Great Britain during 1893 was 165,244

short tons, valued at $283,362, against 169,913 short tons, worth

$292,175, in 1891. The product in 1893 aggregated 117,854 short tons.



SALT.
By E. W. Parker.

The salt product of the United States in 1893 was 11,816,772 barrels

of 280 pounds, against 11,698,890 barrels in 1892. The difference is

comparatively small, the product in 1893 being 117,882 barrels, or about

1 per cent, more than that of 1892. The value, however, shows a seem-

ingly enormous decrease from $5,654,915 in 1892 to $4,054,668 in 1893,

a difference of $1,600,247, or a little more than 28 per cent. But this

decrease must not be taken as showing so great a decline in the price

of salt during 1893. In fact the prices ruling for 1892 were about as

low as they could reach; so low, indeed, that a number of manufactur-

ers ceased producing, finding the business unprofitable. The large

apparent decrease in value in 1893 is due to the fact that all cost of

packages has been excluded and the net value taken for the product.

In 1892 and former years the value o^ the packages has been included

by producers in making their reports, which resulted in a fictitious

total. It is not possible to correct former statements in this regard, so

the tables are carried forward as published in former volumes of this

series. In collecting the statistics of production in 1893 care has been

taken to obtain the cost of barrels, sacks, or other packages, and this

has been uniformly deducted from the value when the value as reported

included the item. . The results obtained show the average net value

of the salt produced in 1893 to have been about 34^ cents per barrel of

280 pounds. The price per barrel in 1892, according to the statements

published, was a little less than 50 cents, the difference being about 15

cents. The majority of produ(;ers iDack their product in barrels, whose

cost ranges from 19 cents to 25 cents. Some ship in bulk, particularly

in the Western States, and allowing for this product, the net value of

which was given in 1892, it will be readily seen that prices did not

vary greatly.

Notwithstanding the low prices which have prevailed, and which have

been due to keen competition among producers, there has been a lauda-

ble endeavor on the part of a number of manufacturers to improve the

quality of their product. In this, signal success has been attained, and
salt of American production has been so improved by new processes,

which each producer holds secret, that importations of refined salt have

almost ceased to be a factor in the industry. The competition in the

production of fine grades of salt has become as sharp in its way as the

717
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competition in prices. Table and dairy salts are now prepared for com-

merce practicallj^ chemically pure—free from gypsum, calcium chloride,

and magnesium salts. The thorough elimination of gypsum and other

salts of calcium from salt produced from brine has been attempted for

years, but it is only recently that it has been accomplished at a cost

which makes it pra(itical for ordinary commercial purposes. Salt con-

taining calcium ormagnesium salts in appreciable quantities is extremely

objectionable, and the processes for eradicating these impurities mark a

noteworthy step in the preparation of pure-food products. The presence

of these compounds in table and dairy salts causes them to deliquesce

(i. e., absorb moisture) if the atmosphere be at all damp; they then

become lumpy and will not flow freely from an ordinary "shaker" salt

cellar- The tendency to deliquesce is much lessened in pure salt, and

when in a very moist climate some water is absorbed and the salt

"cakes," it disintegrates easily after drying and will flow readily from

the shaker.

Gypsum and other calcium salts are best detected by dissolving the

salt in water until a saturated solution is obtained; a few drops of amo-

nium oxalate are then added, which ^vill give to the solution a milky ap-

pearance, and if left to stand for awhile a white precipitate will be found

at the bottom.

The presence of magnesium may be detected by treating a similar

saturated solution with sodium phosphate and ammonium chloride,

producing a similar white precipitate due to insoluble magnesium

ammonium phosphate.

It is to be anticipated that most of the competition for trade in the

future, particularly on the finer grades of salt, will be made more on

the quality of the product than on its cheapness, though the latter

recommendation is necessarily a factor in all transactions. The greater

purity must be established in order to justify a higher price.

In determining the quality of the salt, for dairy purposes, especially,

particular attention is paid to obtaining a grain of uniform size. This

has no relation to the purity, but is of importance to dairymen who

desire to have the salt distributed evenly and thoroughly through their

butter or cheese. The preparation of dairy salts has thus become an

art of itself, in so far as the grain alone is considered, and the purest

salt with a "pretty" and uniform grain is the one to obtain favor with

that branch of trade.

Production in 1893.—In collecting the statistics of salt production in

1893, an effort has been made to ascertain the amount of each grade of

salt produced. This has been only partially successful, as the methods

of grading differ in the several States, and frequently in different sec-

tions of the same State. In addition to this a number of producers do

not keep any record of the different grades made and sold and have

not attempted to distribute them. The statement in the following

table is the best that could be obtained. It will be observed that no
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distribution by grades lias been made of tlie rock salt i^rodnct of Kan-

sas, Louisiana, and New York. This is intentional. The rock salt

industry in these States is of such importance as to warrant distinction

from the product obtained from brine.

With the excej^tions mentioned above and in the footnote to the table,

the production in 1893, by grades, was as follows

:

Production of salt in 1S93, hy States and grades.

States.

California
Illinois

Kansas
Louisiana
Michigan
Nevada
New York

:

Onandaga district.

.

Warsaw district .

.

Eook salt

Ohio
Pennsylvania
Texas
Utah
West Virginia

Total.

States.

California
Illinois

Kansas
Louisiana
Michigan
Nevada
New York

:

Onandaga district

Warsaw district .

.

Rock salt

Ohio
Pennsylvania
Texas
Utah
West Virginia

Total

.

Table.

Sarrels.
14, 286

157, 148
381

782, 031

65, 0011

1, 024, 203

Dairy.

Barrels.
3, 571

21,483
181

130, 000
83, 000

100, 000

767, 374

Common
fine.

Barrels.
3,571

59, 161
6 959, 466

2, 619, 244
52

105,372
922, 960

304, 839
217, 343

c 126, 000
1,071

158, 975

5, 478, 054

Common
coarse.

Barrels.
32, 143

206, 384
13

103, 126

30, 000
20, 000

1,071
51, 761

444, 498

Packers'.

Barrels.
21, 487

20, 017

30, 672

14, 124
10, 000

96, 657

Solar.

Barrels,
a 214, 229

«1, 865, 344

Rock.

Barrels.
3,571

317, 714
191, 430

1,371,430

2,110,287 1,884,145 5,141

Millinc

Barrels.

5,141

Agricul-
tural.

Barrels.

3, 622
791

2,000

Total
product.

Barrels.
292, 858
59, 161

1, 277, 180
191, 430

3, 057, 898
6,559

1, 970, 716
2, 319, 928
1, 371, 430

543, 963
280, 343
126, 000
108, 570
210, 736

6,413 11,816,772

Total
value.

$137, 962
30, 168

471, 543
97, 200

888, 837
4,481

582, 893
909, 191
378,000
209, 393
136, 436
110, 267
30, 075
68, 222

4, 054, 668

a The salt classed as "solar" in California and New York includes all not otherwise classified by
producers.

b Includes all grades, except the rock salt product.

c Includes table, dairy, and common coarse.

In reporting production some operators use the bushel as a unit of

measurement, some the short ton, and some the barrel. For the sake

of convenience the product of each State in the preceding and follow-

ing tables has been reduced to one unit, the barrel, containing 280

pounds, or 5 bushels of 56 pounds, and a ton being equal to
7-J-

barrels-
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Coviparative table of production of salt in States and Territories from 188S to 1893.

States and Tcrritoriea.

MicLigan
New York
Ohio
"West Virginia
Louisiana
California
Utah
Nevada-.
Illinois, Indiana, Virginia, Tennessee,
Kentuclvy, and other States and Ter
ritories (a) ..'.

Total

1883.

Quantity. Value.

Barrels.
2, 894, 672
1,619,486

35U, 000
320, 000
265, 215
214, 286
107, 143
21, 429

400, 000

6, 192, 231

$2, 344, 684
680, 638
231, 000
211, 000
141, 125
150, 000
100, 000
15, 000

377, 595

4, 251, 042

1884.

Quantity. Value.

Barrels.
3, 16] , 806
1, 788, 454

320, 000
310,000
223, 964
178, 571
114, 285
17, 857

400, 000

6, 514, 937

$2, 392, 536
705, 978
201, 600
195, 000
125, 677
120, 000
80, 000
12,500

364, 443

4, 197, 734

States and Territories.

Michigan
New York
Ohio
West Virginia
Louisiana
California >

U.tah
Nevada
Illinois, Indiana, Virginia, Tennessee.
Kentucky, and other States and Ter
ritories {a)

Total

Quantity. Value

Barrels.
3, 297, 403

2, 304, 787
306, 847
223, 184
299, 271
221,428
107, 140
28, 593

7, 038, 653

$2, 967, 663
874, 258
199,450
145, 070
139, 911
160, 000
75, 000
20, 000

243, 993

4, 825, 345

1886.

Quantity. Value

Barrels.
3, 677, 257
5f, 431, 563

400, 000
250, 000
299, 691
214, 285
164. 285
30,000

240, 000

7, 707, 081

$2, 426, 989
1, 243, 721

260, 000
162, 500

108, 372
150, 000
100, 000
21,000

352, 763

4, 825, 345

a Estimated.

States and Territories.
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Comparative tahle of2)rodiiction of salt in States and TcrrHories, efc—Coiitimied.

States and Teiritories.

Michigan
New Yorl;
Ohio
West Virginia.
Louisiana
California
Utah
Nevada
KanvSas
Illinois
Virginia
Pennsylvania..
Texas!
Other States and Territories (6)

Total

1891.

Quantity. Valne,

Barrels.
:i, 966, 784
i, 839, 544

(ft)

(a)

173, 714
200, 949
969, Olio

60, 799
855, 536
.39, 670

70, 442

811, 507

9,987,945 4,571,121

Dollars.
2, 037, 289

1, 340, 030
(a)

(a)

102, 375
9(1, 303

205, 350
39, 898

304, 775
34, 9»it

70, 425

430, 761

1892.

Quantity. Value.

Barrels.
3,829,478
3, 472, 073

> 899,244

200, 000
235, 774

1, 292, 471
22, 929

1,480, 100
GO, OUO
00, 000
25, 571

121, 250

Dollars.
2, 046, 903

1, 662, 816

394, 720

100,000
104, 938
340, 442
22, SOU

773, 989
48, 000
50, 000

10, 741
99. 500

11,698,890 5,054,915

1893.

Quantity. Value.

BarreU.
3, 057, 898

5, C02, 074
543, 963
210, 736
191,430
292, 858
108, 570
6,559

1, 277, 180
59, 161

280, 343
126, 000

11,816,772 4,054,

Dollars.
888, 837

1, 870, 084
209, .H93

68, 222
97, 200

137, 962
30, 075
4,481

471, 543
30, 168

136, 436
110, 267

a Included in " Other States." 6 Estimated.

C A LIFORNI A
The total amount of salt produced in California in 1893 was 292,858

barrels, or 41,000 short tons, valued at $137,962, against 235,703 barrels

in 1892, worth $104,788. With the exception of 500 tons (3,571 barrels)

of rock salt mined in San Bernardino county, the entire product is

obtained from sea water by solar evaj^oration. The sea water is run

into ponds at high tide by means of water gates, the ponds covering

from 50 to 150 acres. The water remains in these ponds until a brine

of proper strength is obtained, when it is drawn off' into settling ponds,

and from the settling ponds into the crystallizing ponds, the length of

time required for each operation depending, of course, ujion the weather.

Salt product of California since 1883.

Tears.
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KANSAS.

During' 1803, Kansas produced 1,277,180 barrels of salt, valued at

$471,543, uet, against 1,480,100 barrels in 1892, worth $773,989, the

greater value during 1892 being due to the inclusion of the cost ofbar-

rels, etc. Of the total product in 1893, 317,714 barrels were of rock

salt and 959,466 barrels were i^roduced from brine. The following table

shows the annual x^roduct of the State since 1888, when the first

statistics of production were obtained

:

Salt product of Kansas since ISSS.

Tears.

1889
1890

Barrels.

155, 000
451), 000

822, 006

Value.

$189, 000
202. 500

397, 199

Tears.

1891
1892
1893

Barrels. Value.

855, 536
1, 480, 100
1,277,180

304, 775
773, 989
471,543

I-iOUISIAlSrA.

The entire salt product of Louisiana is rock salt from the Petite

Anse mine, a full description of which, geologically and historically,

was published in " Mineral Eesources" for 1882. The product in 1893

was 191,430 barrels, or 26,800 short tons, valued at $97,200, against

200,000 barrels or 28,000 tons, valued at, $100,000 in 1892. The differ-

ence in both quantity and value is insignificant, the value of the pro-

duct in both years being exclusive of cost of packages. The following

table shows the annual production, in tons, at the Petite Anse mine

since 1882:

Production of the Petite Anse salt mine since 1SS2.

Tears.
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The report of Mr. George W. Hill, State Salt luspector, gives the

total amount of salt inspected during the fiscal year ended Novem-
ber 30, 1893, as 3,514,485 barrels. The iiiuount of salt in bins November
30, 1893, was 500,402 barrels, making a total of 4,020,887 barrels. To
obtain the amount of salt manufactured in 1893, there should be

deducted from this the 1,001,780 barrels in bins November 30, 1892.

This shows the product in 1893 to have been, according to Mr. Hill,

3,019,107 barrels. The returns for the calendar year to the Survey

show the total production to have been 3,057,898 barrels, a differ-

ence so slight that it need not be considered. The following table

shows the grades of salt produced in Michigan, as reported by the

inspector. This grading differs slightly from that adopted by the Sur-

vey, but here, too, the differences are immaterial:

Grades of salt produced in Michigan, as reported \

inclusive.

the inspectors, from 1S69 to 189S,

Years.

1869.

1870.
1871.
1872.
1873.

1874.
1875.
1876.
1877.
1878.

1879.
1880.
1881.
1882-

1883.
1884.
1885-
1886.
1887.
1888.
1889.
1890-
1891.
1892-
1893.

Fine.

Barrels.
513, 989
568, 326
655, 923
672, 034
746, 762
960, 757

1, 027, 886
I, 402, 410
1, 590, 841
1, 770, 361

1, 997, 350
2, 598, 037
2. 673, 910
2, 928, 542
2, 828, 987
y, 087, 033
3, 230, 646
3, 548, 731
3, 819, 738
3, 720, 319
3, 721, 099
3, 655, 331
3, 764, 108

3, 421, 607

Packers.

Barrels.
12,918
17, 869

14, 677

11, 110
23, 671
20, 090
10, 233
14, 233

20, 389
19, 367
15, 641
16, 691

13, 885

17, 208
15,424
19, 308
15, 480
22, 221
19, 385
18, 126
19, 780
20, 337
11,400

Solar.

Barrels.
15, 264
15, 507

37, 645
21, 461

32, 267
29, 391

24, 336

24, 418
22, 949
33, 541
18, 020
22, 237
9,683
31,335
16, 735

16, 957
19, 849
31, 177
13, 903

26, 174
17, 617
18, 896
17, 335

16,550 11,893

Second
quality.

Barrels.
19,117
19, 650
19, 930

19, 876
20, 700

16, 741
19,410
21, 668

26, 818
32, 615
27, 029
48, 623
52, 821
60, 222
33, 526
38, 508
31, 428
71, 235
73, 905
87, 694
93, 455

143, 068
121, 269

64, 435

Common
coarse.

Barrels.

3,893
17, .378

13, 915
4,978

13, 559

Total for
each year.

Barrels.
561, 288
621, 352
728, 175
724, 481
823, 346

1, 026, 979
1,081,865
1, 462, 729
1, 660, 997
1,855,-884

2, 058, 040
2, 685, 588
2, 750, 299

3, 037, 307

2, 894, 672
3, 161, 806
3, 297, 403
3, 677, 257
3, 944, 309
3, 866, 228
3, 856, 929
3, 837, 632

3, 927, 671

3, 812, 054
3, 514, 485

The amount of each grade of salt produced in Michigan in 1893, as

reported to the Survey, will be found in the table on page 719.

NEVADA.
Owing to the shutting down of silver smelters, which consume the

greater i)art of the saltj)roduced inNevada, theproduct in 1893 was very

limited, being 6,559 barrels, against 22,929 barrels in 1892 and 60,799

barrels in 1891. Of the amount produced in 1893, 5,141 barrels were

used at smelters.

K£W YORK
New York takes first place in the production of salt, superseding

Michigan, which State until 1893 was the most important salt jDroducer.

It is probable that the production of salt in New York in previous
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years has been understated. Tlie returns from producers in 1893 are

very complete, and show a total output of 5,662,074 barrels, with a net

value of $1,870,084:. In 1892 the product was reported at 3,472,073

barrels, indicating an increase in quantity of 2,190,001 barrels, or 63

per cent. The value, owing to a large number of producers having

included the cost of packages with the selling value of their product

in 1892, shows only a small increase in 1893, from $1,662,816 to

$1,870,084, a difference of $207,268, or about 12J per cent. Of the

product in 1893, 4,290,644 barrels, valued at $1,492,084 were from brine,

and 1,371,430 barrels, worth $378,000, represented the rock-salt

product.

The following table exhibits the total salt production of ^ew York

since 1883

:

Production of salt in uSfew Yorlc since 1SS3.

Tears.
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In the following table the figures for years prior to 1893 are taken

from the annual reports of the State superintendent of the Onondaga

salt springs. The figures for 1893 are from direct returns by operators

to the Geological Survey. It will be observed that there has been a

steady decline in the production of fine salt since 1882, the output in

1893 being the smallest in seventy years. The production of solar salt,

on the other.hand, was the largest on record. It includes salt used in

the manufacture of chemical preparations, and which, not entering the

market as salt, may not be included in the superintendent's returns.

Production of the Onondaga district, 1797 to 1S93.

[Bushels of 56 pounds.]

Tears.
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Onondaga reservation witli a yield of 6,072,000 bushels. In 1§92, five

years later, the product had more than doubled, reaching 12,954,705

bushels. The product in 1893 was 1,355,065 bushels less than in 1892.

Since 1887 the Warsaw has been the principal salt-producing district

in the State. The annual production in bushels since 1883 has been as

follows

:

Production of salt in the Warsmc district, Keiv Yorli:, since ISSS.

Tears.

1883
1884
1885
1886
1887
1888

Bushels.

600, 000
2, 000, 000

4, 589, 635

6, 056, 060

6, 072, 000

5, 935, 000

Tears.

18S9
1890
1891
1892
1893

Bushels.

6, 000, 000
7, 732, 060

10, 248, 505
12, 954, 705
11,599,640

OHIO.

The amount of salt produced in Ohio in 1893 was 543,963 barrels,

worth $209,393. ISTo separate statement of the production of salt in

Ohio has been published prior to 1893.

PEliTlSrSYIi V ANT A, TEXAS, A K D Tt^ E S T V I R G IX IA .

During 1893 Pennsylvania produced 280,343 barrels, valued at

$136,436. In 1892 a product of 25,571 barrels, worth $10,741, was

reported. This was probably less than the actual product. The

product of Texas in 1893 was 126,000 barrels, worth $110,267, against

121,250 barrels, valued at $99,500, in 1892. The output of West Vir-

ginia in 1893 was 210,736 barrels, worth $68,222. The product of this

State in 1891 and 1892 has been included with that of other States.

T7 T AH .

The production of Utah in 1893 shows a remarkable decrease, due to

the shutting down of silver-smelting works in the vicinity. The out-

put during the year was only 15,200 tons, or 108,571 barrels. In 1892

it was 180,946 tons, or 1,292,471 barrels. During 1893, 10,000 tons of

salt were refined from the harvest of the previous year. This was

included in the product of 1892, although marketed in 1893.

Production of salt in Utah since ISSS.

Tears.

1883
1884
1885
188G
1887
1888

Quantity.
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IMPORTS AND EXPORTS.

Salt imported and entered for con sumption in the United States, 1SG7 to 1S03, inclusive.

Tears ended—



NATURAL SODIUM SALTS.
By E. L. Packard.

NATURAL SODA.

The geographical occurrence of natural soda in the United States is

principally confined to the arid regions of the Great Basin, especially

to the soda lakes at Eagtown, Nevada; Mono lake, Mono county;

Owens lake, Inyo county, California, and Albert lake, Oregon, and to

the many dry deposits and incrustations in the same region (a). A
fall chemical discussion of the nature of the natural sodas and their

technology, together with numerous analyses of the waters of the soda

lakes and the dry deposits, are given by Dr. T. M. Chatard, in Bulletin

JSTo. 60 of the U. S. Geological Survey. The lakes, as shown by Messrs.

King, Hague, (Fortieth Parallel, ii), and Eussell (Eighth Annual Eeport,

and Monograph XI, U. S. Geological Survey), are, for the most part, the

residues left by the evaporation of larger bodies of water, the shore lines

of which can be traced at considerable distances, sometimes several

hundred feet, above the present beaches, showing that the old lakes

covered wide exj)anses of the present desert. The concentration by

evaporation of the waters of the former lakes has increased the pro-

portion of their mineral salts, and sometimes this concentration reaches

the crystallizing point, when the sodium carbonate appears as a white

incrustation on the surface and shores of the lake. The origin of this

salt is explained by the geology of the region where it occurs, which is

given in the reiDorts above referred to, and by certain chemical reac-

tions w^hich will be described later on.
'

The Eagtown, I^Tevada, soda lakes are two adjoining, but not visibly

communicating, small bodies of water, the larger being about 268 acres in

extent, and the smaller only about one-fifth of a mile in diameter. They

have the peculiarity that they are enclosed by rims which are higher

than the surface of the desert while the lakes themselves are below the

level of the plain. They are regarded as craters. They have no vis-

ible water supply or outlet, and Professor Eussell concludes {a) that their

water comes from the Carson river, which is at no great distance, by

seepage or percolation. While, therefore, these lakes or ponds are in the

hydrographicbasin ofthe great Quaternary lakewhich Mr. ClarenceKing

called Lake Lahontan, they are not evaporation residues of a portion of

that body of water, but their high saline contents are due to the grad-

a Monograph XI, U. S. Geological Survey,

728
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ual concentration of tlieir own water supply. Tlie density of the water

of these lakes is very high. A specimen analyzed by Dr. Ohatard had

a specific gravity of 1.0995 and contained 129.011 grammes of mineral

salts per liter. The salts of soda which crystallize from this water form

a crust sufficiently strong at some seasons to support a man's weight.

The solid contents of the water of the larger lake, as analyzed by Dr.

Chatard, gave the following results

:

Composition of the solid contents of the soda lalce at Bagtown, Nevada.

Constituents.

Si'Oi..--

MgCOs
KCl ...

Na CI .

.

Na^SOi

Per cent.

0.24
.73

3.73
55.44
14.86

Constituents.

]Sraj B4O7 .

.

Na2 CO3 - - -

KanCOs--

Total

Per cent.

0.31
13.08
11.61

100. 00

The salts which had crystallized from the water of this lake, and

which formed "large fields -of dazzling white carbonate of soda" on the

shore, were analyzed by Prof. O. D. Allen, of Yale College, whose results,

rearranged by Dr. Chatard, show the following composition

:

Composition of salts crystallised from the soda lalce at Bagtoivn, Nevada.

Constituents. Per cent.

Insoluble matter
Naj SO4
NaCl
NajCOs

0.80
1.29
1.61

45.05

Constituents.

NaH CO3-

.

H2O

Total

Per cent.

3*. 66
16.19

99.60

The large proportion of sodium chloride and sulphate which the

lake water contains has therefore been eliminated by this natural

process of crystallization, a process which has been imitated in the

manufacture of "summer soda " at the Eagtown soda works. The other

soda lakes are residual bodies of water left by former large lakes. Mono
and Owens lakes, California, are of this character, although they are

outside of the great hydrographic basin of Lake Lahontan. Professor

Eussell describes the geography and geology of Mono lake in the Eighth

Annual Eeport of the U. S. Geological Survey. Its hydrographic basin

has no outlet, but streams and springs feed the lake, and the only escape

for the water is by evaporation. The ancient shore lines can be traced

far up on the sides of the Sierra Nevada, which formed the western shore

of the ancient lake. There are springs in thebottom of thelake and near

its shores. They are especially abundant near the base of the moun-

tains—the seat of former orographic movements—and a belt of hot

springs extends along the range for hundreds of miles. Just south of

the lake is a series of volcanic cones known as the Mono craters, so that

the locality is one of former volcanic activity. Professor Eussell says

:
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"The Mono craters and other modern volcanoes have contributed vast

quantities of lapilli and pumiceous dust to the filling of the [Mono]

basin. The products of volcanic activity are more soluble than the

granites and metamorphosed sediments in which streams rising in the

Sierra ITevada have excavated their channels, and probably exert a

controlling influence on the chemistry of the lake waters." A fuller

way of stating this would be tha.t the soda-lime feldspars of the lavas

have afforded the soda which abounds in the water of the lake. It is

not necessary to imagine that an abnormal quantity of mineral salts is

supplied to the lake, for Professor Eussell says that its water supply does

not differ from that of many other basins of the West. The density of

the water must therefore be due to evaporation, and a long continued

supply of soda-lime salts in small quantities would suf&ce to produce

the present condition. In the absence of analyses of the supply waters

it is impossible to say whether chlorides and sulphates are still enter-

ing the lake in more than ordinary j)roportion.

The density of the water of Mono lake is far less than that of the

Eagtown ponds. At the time in 1882 when the sj)ecimen analyzed by
Dr. Chatard was collected it was 1.045, and the evaporation residue

amounted to 53.473 grams per liter, with the following composition

:

Composition of residue from loaier of Mono lake, California.

Constituents.
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pact sandstone or breccia, but beyond this no chemical precipitation is

known to be in progress. Tlie comparatively small percentage of lime

in the waters of the lake shows that this element must be deposited as

fast as it is delivered by the iuilowiug streams and springs." It does

not therefore coat the rocks now washed by the waves or form a sheet

of tufa on the bottom of the lake. These tufti domes are still forming

both in Pyramid and Walker lakes, the water supply of which contains

less than one-half of one per cent, of saline matters.

Professor Kussell states that one of the Mono craters is composed of

hornblende andesite; the others are of rhyolite, and there is much basalt,

both older and more recent than the lake. "JSTot less than ten and
probably fifteen craters have been formed in and about the lake since

its last great exj)ansion" (a).

An analysis of this rhyolite by Dr. Chatard gave the results shown
below.

Analysis of rhyolitefrom Mono county, California.

Coiislitueiits

Ignition
SiO.,

AlA
CaO
MgO

Per cent.

2.20
74.05
13.85

.90

.07

Constituents

K.,0
Na^O

Total

Per cent.

4.31
4.60

99.- 98

This rock, like volcanic rocks in general, contains both soda and pot-

ash; yet very little potash, compared with the soda, is found in the

waters of the soda lakes. Andesites contain on the average 4.26 per

cent, soda, 2.68 per cent, potash, 5.03 per ceut. lime; trachytes 5.25 per

cent, soda, 6.37 per cent, potash, and 1.61 per cent, lime; liparite 4.49

per cent, soda, 3.49 per cent, potash, 1.21 per cent, lime; basalts, 3.12

per cent, soda, 1.23 per cent, potash, and 10 per cent, lime; while

granites average 2.93 per cent, soda, 3.95 per cent, potash, and 2.54 per

cent, lime (&). The relatively small proportion of potash in the waters

analyzed is therefore, noteworthy, as they are so near the source of

supply of the alkaline salts. The chlorides and sulphates are to be
accounted for by the proximity of the volcanoes, the volcanic activity

in this region having evidently been accompanied by the evolution of

quantities of hydrochloric and su]j)hurous acid gases as in volcanic

areas near the sea. Sulphuric acid is also derived from the oxidation

of pyrite, which is often found in abundance in volcanic rocks, and
may have contributed to form the sulphates.

The geology of the other soda lakes is like that of Lake Mono. Thus
Owens lake is in a basin which receives the drainage from a volcanic

country, the rocks of which are much decomposed, and the ground in

many places is covered with incrustations and efflorescences. There

a Eighth Annual Keport U. S. Geol. Surrey, pt. I, p. 377.

6 Averages calculated from tables of analyses in Kalkowsky's Lithologie.
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are many "warm springs, the waters of whicli flow into several soda

lakes that drain in the wet season into Owens river which leeds

Owens lake. King (Fortieth Parallel, Yol. ii) describes the Carson

desert as rimmed north and south by low volcanic hills connecting the

parallel ranges which inclose the basin. The present Carson lake is

fed by two streams, one saline (Humboldt river) and the other (Carson

river) fresh. The lake having no outlet, its salinity is due to concen-

tration by evaporation. Similarly Lake Tahoe overflows into Pyramid
and Winnemucca lakes which become charged with soda salts by evap-

oration.

Like Lake Lahontan on the west, another great Quaternary lake occu-

pied a part of the eastern side of the Great Basin. It is known as Lake
Bonneville and its residual water is the Great Salt lake. King (Fortieth

Parallel, Vol. ii), after showing that the predominating salts of the water

of this lake are chloride of sodium with some magnesium chloride and
small quantities of sulphates, says: "It would seem that the carbonate

of lime which is brought in by the present drainage either goes down as

a crystalline precipitate of carbonate or decomposes some of the sul-

phate and remains in solution as sulphate." The rivers bring the car-

bonate of lime and the springs which abound in the neighborhood of

the lake supply the alkalies.

He adds: "All the spring waters of central ISTevada, with the few

exceptions of those having their origin in granite, are strongly impreg-

nated either with salts of lime or with those of the alkalies. Hum-
boldt and Eeese rivers, like almost all modern rivers, carry carbonate

of lime iu excess over all other salts, but all the Nevada rivers have

also a variable amount of free alkaline carbonates. On entering the

brackish lakes at the sinks of these rivers the carbonate of lime mainly

goes down, and the alkaline carbonates, chlorides, and sulphates remain

to enrich the saline solution."

The neighborhood of the Great Salt lake is volcanic. Mr. G. K. Gil-

bert (Monograph I) describes the various volcanoes and concludes that

the flows of rhyolite preceded the formation of Lake Bonneville, while

basalt both preceded it and was ejected during and after the lake came
into existence. Some eruptions took place under water, and the old lake

shores are found on some of the volcanic cones. The same material is,

therefore, present in this region for supplying chlorides and sulphates

and carbonates of the alkalies and lime as in the western part of the

Great Basin, yet the sodium carbonates are wanting. The cause of this

difference is not obvious, and the few analyses of the rivers and springs

supplying the Great Salt lake and of those in Nevada do not help us,

as the slight amount of carbonate of soda reported in Humboldt,

Truckee, and Carson rivers compared with the chlorides and sulphates

would not explain the high proportion found in the soda lake waters if

concentration alone is to be considered.

As sodium carbonate is found, therefore, in isolated occurrences
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associated "with tlie chloride and sulphate and fi-equently gypsum, while

the chloride and sulphate are oftea found without it, its origin is a

matter of curiosity. It is obvious that atmospheric carbonic acid is

insufficient to account for it, or sodium carbonate would occur in the

Great Salt lake region as well as in the Lake Lahontan basin, for

chlorides and sulphates are abundant there, while the carbonate is

absent. Mr. King mentions an incrustation from near Great Salt lake

which had the following composition

:

Composition of an incrustation frovi near Great Salt lalce.

Per cent.

NaCl 38. 2D

Na2S04 17.54

K2SO4 4.71

N'a2C03 37.09

This is, he says, a solitary instance of a carbonate from this region.

Its composition is characteristic.

The following chemical reaction may supply an explanation of the

origin of natural carbonate of soda: It appears that the acid carbonate

of sodium is formed in a dilute solution of the chloride or sulphate of

sodium in the presence of calcium carbonate in suspension, by passing

carbonic acid gas into the solution. The laboratory experiment on this

point is said to have been mentioned by Brandes in 1826, and was more
exactly described by Alexander Miiller, of Stockholm, in 1859, who
used the suliDhate of sodium and found that gypsum was formed by the

reaction. Dr. T. Sterry Hunt also describes the same reaction between
carbonate of lime, sulphate of soda (and sulphate of magnesia), and car-

bonic acid, a The experiments of Brandes and Miiller are quoted by
Hilgard and Weber, who repeated them in 1889 and showed that the

reaction holds good for the chloride of sodium as well as the sul^Jhate.

More recently (Ber. der d. Chem. Gesellsch., xxv, 3624) Prof. Hilgard

has continued this line of investigation with some quantitative partic-

ulars. He applies the reaction to the arid region of California (San

Joaquin valley), where the scanty rainfall dissolves the surface chlorides

and sulphates, and carries them a short distance into the ground, and
there, he suggests, in the presence of the abundant carbonate of lime

contained in the soil, the carbonic acid of the soil air and that dis-

solved in the rainwater, sodium carbonate is formed which, on evapora-

tion of the moisture, effloresces on the surface of the ground, b

a Am. Jour. Sci. [2] toI. xxviii, p. 175.

&Daubree (Lew eaux souterraines a I'^poque actuelle, Tome 2d., 1887, p. 119) dis-

misses the origin of carbonate of soda in a few words. He says ''as to the carbonate

of soda wh.ich is characteristic of numerous springs, several contemporary phenom-
ena should be mentioned. We know that the salt is now produced in the waters of
various lakes in Egypt, in California, and elsewhere by the double decomposition
of chloride of sodium and carbonate of lime. This process of formation would seem
to be more frequent than is usually supposed, according to M. Schlosing, who has
pointed out its general occurrence at various places on the French coast." But M.
Daubr^e makes no mention of carbonic acid, the intervention of which is essential

to the reaction.
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The analyses above quoted show that in the Great Basin also chlo-

rides and sulphates of soda are present, together with carbonate of

lime, in the waters entering the soda lakes and in the lakes themselves.

Professor Eussell (Monograph xi) is of the opinion that the carbonate

of lime was held in solution by carbonic acid in the springs and the dilute

lake waters, and was precipitated on the escape of the gas. The streams

feeding the lake contain about the normal amount, viz., 0.09 per cent, of

carbonate of lime. He also says that " sublacustral springs charged

with carbonic acid and carbonate of lime may part with their dissolved

gases and deposit calcareous tufa," meanwhile furnishing the precise

condition for the production of sodium carbonate. Some of the numer-

ous springs of this region formerly deposited carbonate of lime quite

abundantly by the escape of carbonic acid gas, and it is probable that

at the close of the volcanic period the springs were highly charged

with that gas. As sulphate of lime is formed when sodium sulphate is

involved in this reaction, and no gypsum is found in Mono lake water

or the tufa deposited from it or in the mud of the lake, the solution

must have been dilute enough to retain this salt in solution to be sub-

sequently converted into carbonate.

While the hypothesis requires that sodium chloride or sulphate should

be present in dilute solution together with carbonate of lime and car-

bonic acid, and all these conditions have been shown to be and to have
been present in the Lake Lahontan region excex)t the abundant or

excessive presence of carbonic acid (which is a justified inference), the

origin of the sodium carbonate in the springs and lakes of that region

may be regarded as provisionally accounted for. The composition ofthe

waters of Great Salt Lake and its tributaries shows that they contain

the same salts, although in different proportions, as those of the Lahon-

tan basin, except the carbonate. The geological reports show volcanic

regions in both cases, but we cannot conclude from them whether or not

there was a deficiency of carbonic acid gas in the waters of the Lake
Bonneville region at the time the saline solutions were in a proper con-

dition to fulfill the reaction, although it is probable that such was the

case.

Production:—The production of natural carbonate of soda in 1893

amounted to about 3,100 tons, of which one-fifth was soda ash and
crystal carbonate.

The Wyoming sulphate has received new attention in the last two
years. In 1892, 1,670 tons of salt cake were shipped from the Laramie
works. Improvements were being made in the works in 1893, and new
plants for producing the carbonate were erected in other places in

Wyoming during the year. These causes interfered with the produc-

tion of both salts.

Natural horax.—The waters of the soda lakes, as Dr. Chatard's anal-

yses show, contain small quantities of sodium borate, which the vol-

canic neighborhood easily accounts for. In various places in the arid



SODIUM SALTS. 735

regions of California, Nevada, and farther north, even into eastern

Washington, which is in thevolcanic belt, there are deposits of borax and

borate of lime, which have been worked more or less successfully. The
origin oi the soda and lime is to be ascribed to the feldspars of the volcanic

rocks widch furnivShed those basesfor the boracic acid wdiich was supplied

by the volcanic emanations, as in the well-known cases in Tuscany.

Some springs in the volcanic belt still contain traces of boracic acid.

The borates formed in this way were concentrated in lakes or ponds in

the same way as the carbonates until crystallization took place. The

X)resent beds are former lake or pond deposits of this kind. An inter-

esting occurrence is the lime borate at Calico, San Bernardino county,

California, where the borate bed has been tilted up with the inclosing

sedimentaries until its edge forms a " vein," which is mined by shafts,

drifts, and stopes, as any ore deposit would be. {a)

A full list of the borax occurrences, together with the technology of

the manufacture, was given by Mr. Charles G. Yale in the Mineral

Kesources for 1889 and 1890.

Production.—The following table gives the production of borax in

California and ]S"evada from the beginning of the industry:

Product of dovax in the United States.

Years.

Before 1873
1873
1874
1875
1876
1877
1878.......
1879
1880
1881
1882

Pounds.

1

,

750, 000
2, 000, 000
4, 000, 000
5, 433, 658

5, 180, 810

3, 727, 280

2, 802, 800
1, 584, 966

3, 860, 748

4, 045, 405
4, 236, 291

Tears.

1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Ponnds.

500, 000
000. 000
000, 000
778, 290

000, 000
830, 000
800, 000
500. 000
380, 000
538, 196
699, 000

The average value for 1892 and 1893 was 7^ cents per pound.

The falling off in production in 1893 was due to the general dullness

of trade. The prices averaged 9f cents in 1884; in 1885, 8:| cents;

1886, 6| cents ; 1887, 5| cents. Then the Pacific Borax Company took

hold of the industry, and in 1888 the price went to 7 cents, and from1889

to 1894 it has been 7^ cents.

g, Report of State Mineralogist of California for 1892.
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The imports of borax have been as follows

:

Borax, boracic add, and borate of lime imported and enteredfor consumption in the United
States, 1S67 to 1893, inclusive.

Years ending-
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Senor Pissis states that the nitrate is associated with salt, sulphate of

sodium, and gypsum, and is generally found on the hillsfdes rather than

in the center of the lake beds and marshes. Samples of the native

saltpeter analyzed by Domeyko gave:

Analyses of native saltpeter from Chile.

Nitrate of soclium .

.

Chloride of sodium.
Sulphate of 8oda ...

Insoluble
Sulphate of lime

Per cent. Per cent.

24.30
53.65
4.95
9.80

27.98
23.00
8.46
14.70
3.41

Magnesia Trace.
Water 7.30

Per cent. Per cent.

Trace.
22.45

Senor Pissis shows that the deposit could not be of marine origin,

because it is not found in stratified rocks or associated with marine

sliells. It is found on the hillsides and often at great altitudes,

and lie concludes that its origin is due to the decomposition of the

feldspathic sands which form the slopes of the nitrate plains. The

feldspars of the neo-volcanic rocks, everywhere present in the dis-

trict, he identifies as labradorite, albite, and oligoclase, containing

tip to 12 per cent, of lime and 10 per cent, of soda, and there-

fore capable of furnisliing all tlie bases found in the deposits. Sul-

phuric acid for the formation of the sulphates is probably furnished by
the oxidation of the pyrites, an invariable constituent of the rocks,

and chlorine is constantly present in volcanic emanations, "the water

derived from tracliytic areas containing large quantities of soluble chlo-

rides." He attributes the formation of the nitric acid to the "property

possessed by alkaline carbonates of transforming atmospheric nitrogen

into nitric acid in the presence of other oxidizable matters." More recent

views would account for it by the speedier way of nitrification. Senor

Pissis refers to the extensive guano beds which accompany the niter

deposits, but gives no details of their occurrence, as there was no partic-

ular inducement to make discoveries of them at the time of his reconnais-

sance. He says, however, that the guano deposits are almost always

found near the niter beds, and are so near the surface that they are often

laid bare by the horses' hoofs. An analysis of guano from Atacamaby
Domeyko gave 12 per cent, of nitrogen. This guano would, by nitrifi-

cation, produce the nitric acid necessary to form nitrates with the

accompanying alkalies. Indeed, the conditions seem to have been those

of the old artificial niter beds, which were prepared by mixing decom-

posing nitrogenous animal matter and alkaline salts, and were leached

after the nitrates had been produced {a).

(a) Carl Ochsenius, in the Zeitschrift fiir praktische Geologie, Heft 2, 1893, dis-

cusses the subject of nitrification by micro-organisms and shows that in the

European and East Indian occurrences the potash saltpeter was formed from decom-

posing nitrogenous animal matter in the presence of alkaline chlorides, sulphates,

and carbonates, the latter having been previously formed from the chlorides and
sulphates, in his opinion, by the action of carbonic acid. The Chilean association

is similar. There the chlorides and sulphates abound together with the nitrate, and
the nitrogenous organic matter adjoins the deposit.

MiN 93 47
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The process of obtaining the niter is simple. As it occurs at slight

depth, small pits are sunk into it and exiilosives areintroduced into small

chambers at their bottoms, so as to throw down as much ground as pos-

sible when fired. The crude material is transported to the extensive

works at the coast to be lixiviated, in order to extract the niter which is

recovered by evaporation.

The nitrate beds of southern California and Nevada have been fre-

quently noticed, but have not as yet been systematically worked or

adequately described.

Im;ports of nitrate of soda into the United States from 1867 to 1893.

Tears ended

—



SULPHUR AND PYRITES.

By E. W. Parker.

SULPHUE.

The total product of sulphur in 1893 was 1,200 short tons, valued at

142,000. It was all mined by the Utah Sulphur Company at Black

Eock, Utah, formerly operated by the Dickert & Myer Sulphur Com-

pany.

The product in 1892 was 2,688 short tons, worth $80,640, showing a

decrease in 1893 of 1,488 short tons in amount and of $38,640 in value.

The following table shows the production of sulphur in the United

States since 1880. During 1888, 1889, and 1890 the Dickert and Myer
mines were in litigation and nonproductive. The i)roduct in 1889 was

from the Barnes sulphur mine, near Frisco, Utah, and the Wise mine,

at Winnemucca, JSTawnda. The output in that year was 1,150 short

tons of sulphur ore, yielding 450 tons of refined suliDhur.

Sulphur product of the United States since 1880.

Years.

1880.

1881.

18S2.

1883.
1884.
1885.
1886.

Quantity.
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Siiljyhiir imjaorled and entered for consiivqjtion in the United States, 1867 to 1803.

Tears ended —
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statement by countries and iy customs districts, shoiving the imports into the United States

of crude sulphur or hrimslone each fiscal year from 1876 to IS'JS—Contiuiied.

Countries whence exported
and customs districts

through which imported.

COUNTBIES.

England
Scotland
France
French West Indies
Greece
Italy
Japan
San Domingo
Spain
Spanish i-ossei^sions in Af-
rica and adjacent islands.

Total

.

DISTEICTS.

Baltimore, Md
Beaufort, S. C
Boston and Charlestown,
Mass

Charleston, S. C
Middletown, Conn ,

New Orleans, La
New York, N. Y

1880.

Quan-
tity.

Long
tonn.

1

1, 66-t

80, 301
282

Value.

$22
36,444
23, 580

1, 862, 712
4,744

83,236 1,927,502

13, 827

8, 207
1,061

$313, 342

183, 486
25, 398

280
40,0.57 il,

Philadelphia, Pa 10, 67
Providence, R. I
Richmond, Va
Sau Francisco, Cal.
Savannah, Ga

1,255

1,270

7,121
83, 784

254, 892
31, 155

28, 324

1881.

Quan-
tity.

Long
tons.

Value.

1, 668 $43, 311

102, 771
691

308

105, 438

16, 477

3.065

100

57, 608

17, 987
650

691

Total 83,236 1,927,502 105,438 2,713,494 97,956 2,627,402 194,536 2,288,795

I

2, 645, 293
16, 253

8,637

1882.

Q-- value

Long
tons.

755
526

2

500
92, 944

2,980
240

2,713,494 107,956

$430, 917

226, 801
78, 741

2,646
1, 463, 082

477, 547

17, 507

10, 253

13,781
540

7,467
6, 025

9
220

46, 531
14, 839
1,244

660

6, 054
586

$20, 294
13, 770

1883.

tly" ^alue.

Long
tons.

13
3

34

13, 927
2,504,862 :92,861

66, 356
7,875

1,038

500

858

2, 248,

23,

12,

2,627,402 94,536 2,288,795

$364, 384

13, 889

194, 317
161, 281

310
6.516

1, 260, 222

11, 977

7,756
4,051

428
45, 385

408,611 22,772
33, 036
17, 760
151,234
15, 842

535

1,072
560

$286, 438

173, 569
106, 235

10, 378
1,110,313

549, 095
13, 830

24,572
14, 365

Countries whence ex-
ported and customs dis-

tricts through which
imported.

1884. (a)

Q-- value.

1885.

Quan-
tity.

Value.
Quan-
tity.

Value.

1887.

Quan-
tity.

Value.

COUNTEIES.

Belgium
Danish West Indies
England
France
Quebec, Ontario, Mani-

toba, and the North-
west Territory

Italy
Japan
Spain

Long
tons.

Long
tons.

190 $4,766

Long
tons.

60 $1, 718

Long
tons.

15, 084 2,535
861
162
290

$5, 250
4, 437
6,951

94, 370
1,541
134

1, 894, 858
25, 683
1,552

112,283 2,166,565
4, 972 66, 505

Total 105, 143 $2, 242, 678 96, 841 1, 941, 943 117, 396 2, 237, 332

DISTEICTS.

Baltimore, Md
Barnstable, Mass
Beaufort, S. C
Boston and Charlestown,
Mass

Champlain, N. Y
Charleston, S. C
New Oileans, La
New York, N. Y
Philadelphia, Pa
Providence, R.I
San Francisco, Cal
AH other customs dis-

tricts

15, 037
650
600

5,294

303, 226
16, 163
13, 259

112, 152

14, 505
480
610

5,125

285, 006
11, 040
12, 847

99, 712

19, 307
1,617

3,681

6,125 132,570

52, 478
18, 786

651

5,522

1, 135, 725
401, 568

15, 517
112, 598

8,525
102

45, 537
18, 696
1,840
1,421

169, 564
2,282

909, 123
381,010
37, 422
33, 937

13, 350
250

58, 758
15, 568
1,265
3,600

Total

.

2, 242, 678 96, 841 1, 941, 943

89, 924
6,146

1, 588, 146
83, 576

97, 383 1, 688, 360

364, 958
35, 385

12, 547
1,152

69,898
9

265, 265
5,102

1, 115, 519
800, 749
25, 930
54, 517

4,850

225, 669
22, 816

85, 575

12, 420 220, 598

40, 711
15, 267

600
3,176

660

792. 114
269,216
11,291
50, 521

10, 560

2, 237, 332 97,383 1,688,360

a Sources not reported.



742 MINERAL RESOURCES.

Statement by countries and iy customs dtstricts, showing the imports into the United States

of crude sulphur or irimstone each fiscal year from 1870 to 1S9S—Concluded.

Countries whence exported
and customs districts thiougti

wbicli imported.

COUNTRIES.

Belgium
Danish West Indies
England
Scotland
Italy
Japan

Total

DISTEICTS.

Baltimore, Md
Beaufort, S. C
Boston and Charlestown, Mass.
Charleston, S. C
JSTew Orleans, La
New York, N. Y
Philadelphia, Pa
Providence, E. I
San Francisco, Cal
Savannah, Ga
Wilmington, K. C
All other customs districts

Total

1888.

Quantity. Value,

Long tons.

83

02. 528
0, 332

99, 253

11, 989
500

3,760
,12, 005

200
50, 486
10, 519
1,310
6, 352

1,532
600

99, 253

$1, 993

7,200

1, 499. 720
72, 729

1, 581, 582

182,

9,

62,

199,

3,

816,

173,

21,

78,

25,

1889.

Quantity. Value,

Long Ions.

180

123, 260
6,441

130,191

6,440
23, 377

00, 922
13, 288

570

4,539
2,345
1,753

500

1, 581, 582 130, 191

1890.

Quantity. Value.

Long tons.

$4, 086 182
550

4,898
20

115, 240
21, 031

8,337

1, 935, 368
77, 853

2, 025, 644

234, 693

9,213
104, 257
364, 859

959, 872
202, 3.57

8,581
57, 925
44, 244
28. 443
11,200

2, 025, 044

141, 921

21, 198

7,410
15, 752

200
66, 359
13. 919
1,240
8,223
5,560
2.040

20

141, 921

$3, 995

9,076
101, 100

487
1, 800, 585

221, 316

2, 136, 559

322, 018

135, 044
255. 100

3,397
983, 754

210, 576
19, 160
87, 391
86, 826
32, 800

287

2, 136, 559

Countries whence exported and
customs districts through

which imported.

COUNTEIES.

Belgium
England
Scotland
France
QHebec, Ontario, etc
Italy
Japan
Other countries

Total

.

DISTRICTS.

Baltimore, Md
Beaufort, S. C
Boston and Charlestown, Mass.
Charleston, S. C
Mobile, Ala
New Orleans, La
New York, N. Y
Pensacola, Fla
Philadelphia, Pa
Portland, Me
San Francisco, Cal
Savannah, (5a

"Willamette, Oregon
Wilmington, N.C
Vermont
All other customs distriets

1891.

Quantity.! Value. Quantity. Value

Long
tons.

267
5,613

$6, 576-

127, 976

101, 660
12, 763

501

120, 804

9,339
1,300
6,381

28, 281
750

1,300
44, 027
1,399

10, 842

2, 140, 516
168, 073

8,372

2,451,513

Long
tons.

6, 522

1

1

90, 668
12, 227

109, 419

8,819
5,245

2,832

247, 324
26, 951

136, 402
557, 384
14, 863
30, 474

910, 075
23, 206

216, 763

llo, 637
99, 717
11,852
60, 843

Total i 120,804
I

22

2, 451, 513

9,981

9,08C
14,651

2,118
52, 647

9,380
2,000
7,256

$162, 616

23
49

2, 147, 942
213, 776

2, 524, 406

263, 293

221,033
304, 593

Quantity. Value

Long
tons.

8,777
1, 452

103, 116
8,307

121, 690

13, 759

11,001
10, 885

47, 165

1,191,169
2,441

57, 474

211, 570
42, 460

127, 797

398
1,900

6,866
48, 388

72

12, 025

7,766
4.650

541
540

186, 914

27, 288

269
958, 303
133, 455

2, 305, 464

271,949

224, 624
209, 246

43, 970
1, 085, 289

241,293

125, 507
86, 562
7,948
8,807

269

109,419
I

2,524,406 121,690 2,305,464

PYRITES.

The production of pyrites for acid making in 1893 was less than

in any year since 1888, being 75,777 long tons or 84,870 short tons,

valued at $256^552. In 1802 the i)roduct amounted to 122,903 short
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tons, worth $305,191, indicating a decrease of 38,093 short tons or over

30 per cent. The product, as heretofore, was entirely from Massacliu-

setts and Virginia. In this statement an account is taken only of the

amount marketed. The actual amount mined was 83,77G long tons or

93,829 short tons, thus leaving 7,999 long tons or 8,959 short tons (in-

addition to the stocks carried January 1, 1893) unsold atthebegiunijjg

of 1894.
Production of pyrites in the United States from 1SS2 to 1893.

Tears.

1882
188:!

1884
1885
1880
1887

Quantity.
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in favor of brimstone: (1) It requires less chamber space to produce

the same amount of acid; (2) lead chambers are said to last longer

with brimstone than with pyrites; (3) the acid produced is of different

quality."

The first proposition is doubtless true. In regard to the second, Mr.

Stahl admits that it is difficult to get exact data, and states that while

the higher temperature of the gases (and not the arsenic in the pyrites,

as is claimed by some) is detrimental to the lead, this could be avoided

by proper construction, so as to cool the gases before entering the first

chamber.

There is no doubt that acid from brimstone is purer than that made
of pyrites which contain copper, zinc, and some arsenic. The last men-

tioned is the most harmful. Mr. Stahl states that the amount of arsenic

in American pyrites is small and is all precipitated in the Glover tower

and first chamber. The presence of arsenic does not injure the acid

for the usual commercial purposes, that is, the manufacture of fertil-

izers and the refining of petroleum. But for medicinal puri)oses the

acid must be entirely free from arsenic.

Mr. Stahl then gives an estimate of his own for the relative cost of

acid from brimstone and pyrites, which is as follows

:

Cost of chamher acid from irivistone.

2^ tons brimstone (5,600 pounds), $21 per ton $52.50

225 pounds niter (=4 per cent, of the brimstone;, 2 cents per pound 4.50

220 pounds sulphuric acid, 60° Baum6, 40 cents per 100 pounds 88

4 men, at $1.50 (2 firemen for boilers included) , 6. 00

Wear and tear on buildings, furnace, chambers, etc., 40 cents per ton chamber

acid produced 5. 40

Repairs on buildings, furnace, chambers, etc., 20 cents per ton chamber acid

produced 2. 70

Fuel, light, etc 2.00

Office expenses 5. 00

Interest on capital invested 5. 00

Product: 13i tons (2,000 pounds each) = 27,000 pounds 83.98

One ton chamber acid, 50° Baum6, costs $6.22.

Cost of chaniier acid from pyrites.

5i tons pyrites (
= 12,320 pounds), 37 per cent, available sulphur, $6 33. 00

180 pounds niter ( ^4 per cent, of the available sulphur), 2 cents per pound. 3. 60

250 pounds sulphuric acid, 60° Baum^, 40 cents per 100 pounds 1. 00

Breaking of the pyrites and removing the cinders 1.40

6 men, at $1.50 (2 firemen for boilers included) , 9.00

Wear and tear on buildings, furnaces, chambers, etc., 50 cents per ton cham-

ber acid produced 5. 50

Repairs on buildiugs, furnaces, chambers, etc., 25 cents per ton chamber acid

produced 2. 75

Fuel, light, etc 2.00

Office expenses 5. 00

Interest on capital invested 5. 50

Product: 11 tons (2,000 pounds each) =22,000 pounds, cost 68.75

One ton chamber acid, 50° Baum^, costs $6.25.
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From the above it will be seen that Mr. Stahl assumes the cost of

I

pyrites to be $G per loug ton, and tlie cost of acid made from it 3 cents

I

more per ton than that made from brimstone. This valuation for j)yrites

I

is, however, excessive. The average price realized for it by producers
iu 1893 was less than 13.50 per loug ton, and a fair average for the past

three years would not be more than $3 per ton. But taking the price

at $3.50 per ton, the above total cost for 11 tons of acid would be reduced
$13.75, or to $55, making the cost of one ton of acid $5 instead of $6.25.

With the United States almost entirely dependent upon Sicily for her
supply of brimstone, there seems to be little reason why our own pyrites

deposits should not be made the source of supi^ly for commercial acid.



FLUORSPAR.

This mineral is produced in only one locality in the United States,

near Eosiclare, Illinois. The product in 1893 was 12,400 short tons,

valued at $84,000, against 12,250 short tons, worth $89,000, in 1892,

and 10,044 tons, valued at $78,330 in 1891. This shows a slight

increase in amount (150 short tons) during 1893, but a decrease in

value of $5,000.

In addition to its use for metallurgical purposes, fluorspar is consumed

in the manufacture of glass and of hydrofluoric acid. When intended

for glass or acid making the fluorspar is crushed and put through a buhr

mill at the mines before selling. For other purposes it is sold in lumps

as mined. The reader is referred to " Mineral Resources of the United

States, 1889 and 1890," for a more extended discussion of the use of

fluorspar for metallurgical purposes.

The following table shows the yearly production of fluorspar since

1882:

Production of fluorspar in the United States from 1882 to 1893.

Tears.

1882
3883
1884
1885
1886
1887

Quantity.
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of Pikes Peak, Colorado. The imports of cryolite for a series of years

is shown in tlie following table:

Imports of cryolUe from 1871 to 1S93.

Tears euclecl

—



MICA.

By E. W. Parker.

The mica-mining industry in tlie United States lias been in an unsatis-

factory condition for anumber of years. In 1884 tlie production amounted

to 147,410 pounds, valued at $308,525. In the following year it fell o£f

to 92,000 pounds, valued at $161,000, and in 18S(J the product was only

40,000 pounds, valued at $70,000. In 1887 the production increased

somewhat, but again declined, and from then until 1891 the value of

the product did not exceed $75,000 in any year. During 1891 and 1892

the product was estimated at 75,000 pounds, valued at $100,000. It

must be remembered that with the exception of the census year (1889),

when 49,500 pounds, worth $50,000, were produced, the output has been

shown by estimates. Owing to the very irregular methods pursued by

a large number of i)roducers, particularly in ]!Srorth Carolina, it was

almost impossible to secure accurate returns. In collecting the statis-

tics of 1893, however, valuable assistance has been given bythe dealers

who handle practically all the mica mined in IS^orth Carolina, and all

the known producers in other States have reported their production.

From these the product during the year is found to have been 51,111

pounds of cut mica, worth $80,629, and 156 short tons of scrap or waste

mica, worth $8,300, making the total value of the output $88,929. The
greater part of the output, as in former years, was from 'New Hamp-
shire and !N"orth Carolina, with small amounts from Alabama, Connec-

ticut, and Nevada. The following table shows the annual production

of mica in the United States since 1880

:

Production of mica since 1880.

Tears.
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Mica mining in North GaroUna.—During tlie Latter part of November,

1893, tlie writer visited the mica regions of Nortli Carolina for the pur-

pose of studying the methods employed in mining the mica in that

locality and the facilities afforded for placing it upon the market. The

time selected for the trip was unfortunate, for the region had just been

visited by heavy rains, and the mountain roads, bad at the best seasons,

were in many places almost impassable. With a good pair of horses,

capable of making 10 miles an hour on a good road, and in a light

buckboard, with no other burden than the writer and driver, two full

days were occupied in traveling from Asheville to Bakersville, a dis-

tance barely exceeding 50 miles. A number of places which it was
desirable to visit could not be reached on account of the condition of

the road, it being necessary to keep to the county roads. Notwith-

standing these disappointments, considerable information was obtained,

and the writer is indebted to Mr. G. D. Eay, of Burnsville, and Mr. J.

L. Eorison, of Bakersville, for valuable assistance and various cour-

tesies extended. Mr. Eay owns one of the largest mines in the vicinity

of Burnsville, besides doing considerable business in buying and ship-

ping mica, when business justifies it, but owing to low prices prevailing

during 1893 his mine remained idle and he did no other trading in

mica. Mr. Eorison handles most of the mica shipped from Bakersville.

He attributes the unsatisfactory condition of the mica-mining industry

in that locality principally to the crude methods emfjloyed. There has

been an entire absence of enterprise in the way of adopting modern
mining appliances, and this, he claims, accounts for the limited product.

In addition to this, there is the lack of transportation facilities. The
region is very mountainous and without railroads, while the wagon
roads for many months of the year are all but impassable. The streams

are without bridges and the larger ones much of the time past fording.

The beds of the smaller streams frequently form a part of the county

road, especially in ascending and descending the heavy mountain
grades. These portions of the "road" are naturally rough and very

hard both on the horses and vehicles. The nearest railroad point from

Bakersville is at Marion, distant about 40 miles. For a heavy team
the time necessary for this journey is nearly four days, in fairly good
seasons. With these disadvantages it is not surprising that more cap-

ital has not been invested in modern machinery, and that the crude

methods of mining with which the industry started still obtain. There

is, however, some prospect of the extension of the Charleston, Cincin-

nati and Chicago railroad from Marion to Johnson City, Tennessee, fol-

lowing the grade of the North Toe river. This road, if constructed as

at present contemplated, will pass within about 2 miles of Bakersville

and within 5 or 6 miles of Burnsville. The lack of railroad transpor-

tation wiU then be supplied, and it would be an easy matter to induce

capital to invest in the necessary machinery to properly develop the

mica properties.
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The mica industry of Neic Hampshire.—Mr. D. L. Stran. of Grafton

Center, reports the following in regard to the mica industry of New
Hampshire:

" Mica deposits exist and mica hasbeen mined in the towns ofAcworth,

Alstead, and Springfield, in Sullivan county ; Wilmot and Danbury,

Merrimack county; and in Alexandria, Grafton, Orange, Dorchester,

Groton, and Wentworth, Grafton county. These towns are located on

a belt that runs in a northeast and southwest direction. On this belt

at various places, for a distance of 50 miles, are found veins of quartz,

feldspar, and mica, interspersed with beryl, tourmaline, garnets, quartz,

crystals, and many other minerals. In the above-named towns no mica

was produced in 1893 except in the towns of Alexandria and Groton.

In Aliexandria work was commenced in April and continued until Sep-

tember at the deposit formerly owned by the Alexandria Mica Com-

pany.

"This work was under the management of the American Mica Com-

pany, of Boston, Massachusetts. Large quantities of mica are here

found, but a large percentage is of a poor quality. In the town of Gro-

ton the several companies were in operation and producing mica

during the year 1893. The largest producer has been the Old Rug-

gies deposit, located in the town of Grafton. It was at this place that

the first mica was mined for commercial purposes in the United States,

as far back as the commencement of the present century.

''At first and for many years the work was carried on in a desultory

way. About the period of 1840 there was an increased demand for

this mineral, and more extensive operations were carried on. About
the year of 1860 there was a greatly increased demand, and from that

time down to 1885 this deposit was in the full tide of prosperity. This

property being owned by private parties, with their headquarters in

Boston, and they for many years having a monopoly of the mica busi-

ness, but little could be ascertained of the output or its value. The
large piles of waste mica that can be seen at this deposit show the pro-

duction to have been immense. Other openings have been made at

various places in this town by different parties, and some have been

very productive.

" The discovery of mica in Korth Carolina about the year 1867 and

the large production that followed caused a decline in prices, more

especially for small and medium sizes, and this finally closed most of the

deposits for several years. When the deposits of E"orth Carolina began

to decrease in their production, the mica business of the United States

found its level, and the industry gradually revived in New Hampshire,

and for several years good deposits carried on a remunerative business.

About 1885 mica began to be imported from India, duty free, and
later from the Dominion of Canada. This tended to reduce prices, and

production was again curtailed. The large importation of 1892, before
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the McKinley tariff took effect (which placed an ad valorem duty of 35

percent, on mica), probably furnished this country with that article for

quite a period in advance of the consumption. During the early part

of 1893 quite extensive plans were under consideration for mining

mica in tliis State, but the widespread business demoralization that

followed paralyzed the industry, and the present outlook is not very

encouraging for mining mica in this vicinity.

"The hills of this mica belt are fast being cleared of their forests,

and in many instances these denuded tracts are burned over, thus bring-

ing into view new deposits, some of which look very promising. When
the business of the country assumes a brighter aspect, with the increas-

ing demand for mica it is expected that this section will again come to

the front with large productions."

Mr. S. A. Mitchell, of Alstead, New Hampshire, states that the first

mica mining in that State was carried on by a Mr. Euggles at Grafton,

in Grafton county, but the date of his operations is uncertain. Later

(about 1830 to 1835), Mr. James Bowers commenced working mica

deposits at Acworth, Sullivan county, and Alstead, Cheshire county.

These parties supplied the trade of the United States for a number of

years. Mr. Bowers was succeeded by his son, who continued the busi-

ness until his death, working deposits in Alstead, Acworth, and
Orange, l^ew Hampshire, and in ]S"orth Carolina. He was in his

turn succeeded by his son, who worked the North Carolina mines,

and by Mr. Mitchell, who worked the New Hampshire properties.

Meanwhile other parties were working other mines in New Hampshire
at different periods and with varying success. Mr. Mitchell states that

the mica-bearing belt extends from Cheshire county in a northeasterly

direction through Sullivan and Grafton counties. The deposits are

overlain with micaceous slate or schist, sometimes approaching horn-

blende slate. This has been ruptured, and seams of granite, some-

times rich in mica, occur in the overlying rock. Tourmalines, beryl,

and other crystals are associated with the mica. According to Mr.

Mitchell, the sheets of mica are more numerous in the New Hampshire
veins than in the North Carolina deposits, but are not as perfect. He
attributes this difference in quality to more violent disturbances, which
not only affected the crystals directly by pressure and distortion, but

opened seams in the rock which exposed the deposits to the action of

water and changes of temxjerature.

Alabama.—Mr. J. B. Merrill, of Edwardsville, Alabama, reports a
production of $1,000 worth of rough mica in that State during 1893. Mr.

Merrill states that it is only very recently that the mica deposits of Ala-

bama have been receiving proper attention, or that efforts made to

develop them given promise of successful results. He claims that tho

mica is of excellent quality, and that the lands are being taken up by
parties interested in obtaining good merchantable mica. A writer in
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tlie Chattanooga Tradesman gives the following account of the mica

deposits in Alabama:
" The occurrence of mica in Alabama in crystals large enough to make

merchantable sheets was discovered and considerable prospect work

done several years since. Attention was first attracted to the occur-

rence of mica by some prehistoric workings considerable in extent,

and very ancient, large oak trees from 15 to 18 inches through having

grown on the dumps and in the pits since they were abandoned.

"The location of these granite veins bearing mica is in the extreme

southern portion of Cleburne county, east of the Tallapoosa river, and

also in the extreme northern portion of Randolph county. The district

from which merchantable mica can be mined covers about 15 or 16

square miles, being about 5 miles in length from northeast to southwest

and 3 in width. On one property there appear as many as 11 distinct

veins carrying mica, which outcroj) parallel with each other at irregu-

lar intervals for half a mile, and a shaft sunk 80 feet crosscut 4 of

these, the narrowest of which was 4 feet. The strike of the veins is in

a course slightly east of north to south of west, and the outcrop can

be easily traced across 600 acres, showing great continuity in length.

The dip is irregular, at an angle of about 20° to 25° towards the south-

east. Each vein is distinct and separated from the next in rotation

by strata of decomposed feldspar and kaolin clay.

"A few years ago considerable activity was manifested in the mica

mines, and the prospect work previously mentioned was then per-

formed; but the imported Indian mica was placed on the Eastern

market at so low a price for the better grade used in stoves and

furnaces that, although slightly inferior in transparency to the ISTorth

Carolina and the besfe of the Alabama mica, the miners in both of those

States became discouraged, and all the Alabama mines, as well as some

in North Carolina, were shut down, and remained idle until quite

recently. In North Carolina as well as Alabama, the mica mines are

remote from railroad transportation, and the work has been crudely

done, but the transparency of the mica and the sizes in which it can be

cut promises to bring it into demand in the future, and with an increased

demand and steady market the one great drawback of distance will,

it is believed, be overcome.

The production of North Carolina in 1884, from only a few mines,

reached $180,000 in value, and demonstrates what the possibilities are

in the future for the Southern mines with an increased demand and

steady market for the product. The work in Alabama has only been

shallow, up to the present time, but crystals which produced 7 per cent,

of first grade sheets of cut mica have been mined. As depth is attained

the rust, stains, and flaws in the sheets become scarcer and the trans-

parency consequently improves, so that in the near future it is possi-

ble that Alabama mica will be in as great demand as any on the mar-

ket. The superficial area of the district being limited to the size before
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mentioDed is an incentive to the owners of property to develop it in a

systematic and thorough manner, instead of following the crude sys-

tem of a few years since. When this is done the value of the Ala
bama mines will be demonstrated more fully than to-day, and it will

be possible to estimate with some degree of accuracy the quantity of

mica in sight and the probable yield of the district. But this will

always be somewhat speculative, because all the mines are pockety;

in other words, although the veins are regular in their occurrence and
dip, yet the mica crystals are found in irregular bunches in the veins,

esijecially where a vein swells and in offshoots.

'' On all the mica properties there is a large quantity of refuse on the

dumps which would be of value for electrical purposes, but which

because of the lack of railroad transportation is not at present utilized,

although pronounced by experts superior to the Canadian mica.

" There is a good prospect, though, as soon as the present panicky

conditions pass away, that a railroad, and maybe two, will be built

into this section of Alabama. One of these is projected and partially

graded from Tallapoosa, Georgia, southward to connect at Eoanoke, in

the southern portion of Eandolph county, with the East Alabama rail-

road, and the other is projected from Anniston, Alabama, southeast-

ward to Brunswick, Georgia, or, rather, to be more particular, from

Sheffield, at deep water on the Tennessee river, to Lagrange, Georgia,

and thence to Brunswick."

Connecticut.—Mr. S. L. Wilson, of 'New Milford, Connecticut, was
the only producer of mica in that State during 1893. His production

amounted to 2 tons of rough mica, which was sold to an electrical com-

pany, by whom it was cut and split for market. The mine is not

worked for mica alone, but also for feldspar, golden beryl, aquamarine,

and garnets.

Nevada.—During 1893, 300 pounds of uncut mica were shipped fiom

the Czarina mine, near Rioville, Nevada. All of this was sent to Ham-
burg, Germany, to be cut. In February, 1894, 200 pounds were shipped

to Hamburg and 300 pounds to Syracuse, ]^ew York. In April, 1894,

1,000 pounds were shipped to Syracuse. All of this was cleaned of

waste, so far as practicable, and was supposed to cut from 2 by 3

inches to 8 by 10 inches, a good portion of it being estimated to cut

about 3 by 5 inches. No returns had been received by the shipper, Mr.

Daniel Bouelli, up to the time of making his report. In addition to the

Czarina mine, Mr. Bouelli has other claims, chief among which are the

"Pioneer" and "Princess" mines. In his report to the Survey Mr.

Bouelli says:

"The mica mines of which the Pioneer and Princess are among the

best (there being some other smaller deposits) were discovered by me
about twenty years ago. They are situated in the Virgin range in the

3t. Thomas mining district, Liucjoju couutj^, Neviicla. TUe Pioueer j§
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about 15 miles slightly north of east from Kioville, which is at the

head of steam navigation on the Colorado river, at its confluence with

the Eio Virgin. The Princess is about 1 mile northeast from the Pio-

neer. The Pioneer group is at an altitude of 5,000 feet, near springs

and accessible to wagons. About $600 has been expended in develop-

ment work, and the probability is that $1,000 worth of work is needed

to strike the mica below the influence of surface dislocations. The
mica occurs in hard, glassy quartz rock, of which there is an outcrop

200 feet wide and 600 feet long. The surrounding rocks are systematic

gneiss and granular schists.

" The Princess is a smaller reef of white quartz, with solid mica,

better laminated, surrounded by dark-colored tourmaline bearing rocks,

gueissoid graduating into syenite. Hornblende and biotite abound
and pyrite and other associations of tin are at hand. These claims

have been worked very little of late years.

" The Czarina was discovered and located in May, 1891. On this

claim there is now a shaft on an incline following the dip of the mica
27 feet. This was found unsafe and another shaft of 35 feet is now
directly over the iDoint towards which the dij) of the mica seam leads,

and will be sunk vertically until the surface crush of the inclosing

rocks is penetrated and the crystals show no breaks. Here also the

mica occurs in and along the side of a heavy outcrop of white quartz

in a country rock of gneiss, carrying various characteristic minerals.

The muscovlte or white mica seems to follow the division plane of the

stratification, along the line or axis of the uplift or rock fold. This

line runs north and south, slightly east of north of the main trend

of the range, thus running into Arizona a few miles north of Eioville.

In fact, the mica belt forms the boundary line between Nevada and
Arizona for about 50 miles. The mica, mostly small, is abundant, but
marketable sizes are rare and not to be had without a good deal of

hard work."

Imports.—In October, 1890, mica was placed on the dutiable list by
the new tariff, with a duty of 35 per cent, ad valorem. It had previ-

ously been imported free. The imports for the year, especially before

the law went into effect, were exceptionally heavy—more than double
the value of the imports in any previous year. This undoubtedly pro-

vided for an accumulation of stock beyond immediate needs.
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Unmanufactured mica im,porfed and entered for cojianmiHion in the United States, 1869 to

1893, inclusive.

Tears ending

—



ASBESTOS.

Asbestos was produced commercially in only one State during 1893,

the output being limited to California, and amounted to 50 short tons,

valued at $2,500 crude at the mines. The actual amount received by
the producers, however, would be largely in excess of this valuation, as

the product is not marketed as mined, but is manufactured into fire-proof

paints, cements, boiler coverings, etc. It has been the custom to give

the value for crude asbestos , and this practice is adhered to.

Owing to the general depression which prevailed throughout the year,

the Wyoming properties were not operated except for the necessary

assessment work. Some of the mineral found in Wyoming shows char-

acterictics similar to those of Canadian chrysotile, and is to all appear-

ance, from specimens recently submitted to the Survey, the most valu-

able and interesting discovery of this mineral made in the United States.

The specimens shown are evidently from near the surface and show
signs of weathering. The fibers are from an inch to an inch and a

half long, but are not as tough nor as elastic as the Canadian chryso-

tile. Should these defects disappear with greater depth, and condi-

tions prevail to make its mining' economical, it will not be necessary

for the United States to depend entirely upon Canadian mines for its

supply.

The production of asbestos in the United States since 1880 has been

as follows:

Annual product of asbestos since 1880.

Tears.

1880
1881
1882
1883
1884
1885
1886

Quantity.
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tLe smallest value reported since 1887. The following table shows the

value of asbestos imported since 1869:

Value of asiestoa imported from 1869 to 1893.

Tears ended

—



MINERAL PAINTS.
By E. W. Parker.

In the statistics of mineral paint production are included primarily

ocliers, umbers, siennas, metallic paint, Venetian reds, mineral black

and soapstone and slate ground for pigment. The total production of

these in 1893 amounted to 37,724 short tons, worth $530,284, against

50,013 short tons, valued at $699,263 in 1892. In addition to the pig-

ments noted above, paints made from graphite and asphaltum, the

product of white lead corroders (white lead, red lead, litharge, and

orange mineral), and zinc white might properly be included under the

head of "mineral paints" and they are discussed in this connection,

but the bases of these, with the exception of zinc white, are included in

the production of graphite, asphaltum, pig lead, etc., and they are

therefore not included as paints in the table of mineral production on

page 10, nor in the statement above. The production of zinc white is

stated separately.

The following table shows the total production of mineral paints in

1892 and 1893:

Production of mineral paints in 1892 and 189S.

Kinds.

Ocher
Timber
Sienna
Metallic paint-
Venetian reds.
Mineral black

.

Soapstone
Slate
other colors...

Total

1892.

Short tons. Value,

13, 390
475
500

25, 711
4,900

200
1,050
3,787

50, 013

$176, 624
7,100
9,350

3C2, 966
106,800

2,500
10, 400
23, 523

699, 263

1893.

Short tons. Value

10, 517
480
150

19, 960
3,214

70
100

3,183
50

37, 724

$129, 393
7,560
4,875

297, 289

64, 400
840
700

24, 727
600

530, 384

As will be seen, the decreased output in 1893 is almo st general, there

being but one item in which an increase occurs. The production of

umber increased 5 tons in amount and $460 in value. The largest

decrease in amount was in the production of metallic paint, which fell

off 5,751 short tons, or a little more than 20 per cent. The greatest per-

centage of loss was in the production of soapstone for pigment, which

declined from 1,050 to 100 short tons, or about 90 per cent. The total

decrease amounted to 12,289 short tons in amount and $168,879 in value.

758
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The production of white lead, red lead, litharge, orange mineral, zinc

white, and ultramarine for the past three years is shown in the follow-

ing table:
Production of white lead, etc., for three years.
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Production of ocher, umher, and sienna from 1SS9 to 1S02, hij States.

States.



MINERAL PAINTS.

Imports of ocher of all kinds from 1S84 to 1893.

761

Tears ended

—
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Venetian reds.—The product in 1893 was 3,214 sbort tons, valued at

$64,400, against 4,900 short tons, valued at $106,800, in 1892, a decrease

of 1,686 short tons in amount and $42,400 in value. The statistics of

production since 1890 have been as follows

:

Production of Venetian reds since 1890.

Years.
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White lead during 1893.—In reviewing the white lead trade in 1893

the Oil, Paint and Drug Reporter of January 15, 1894, contains the

following:

"The past year was an eventful one, as regards the white lead indus-

try. Up to the close of the first six months there was an unusually

good trade; large sales were made at remunerative i^rices and the out-

look appeared fair for a j)rosperous year. Meanwhile the low prices

for pig lead and the full values obtained for the manufactured x^roduct

attracted the attention of capital, and new works, which were either

under process of construction or in contemplation, were soon put in

position to become competitors for the yearly increasing consumption
of this pigment.

" The financial depression which prevailed during the summer and
early fall, and which affected all branches of trade, was particularly

depressing on the lead industry, and the new works which had been
erected found their stocks of corroded lead increasing by reason of the

falling off in the demand or the inability of the purchasers to make
prompt payments, owing to the unsettled condition of the money mar-

ket. Up to this time there had been very few fluctuations in the price

of dry lead and lead in oil.

"The year opened with the card price at 6J cents quoted for dry and

6f cents for lead in oil. These figures were fairly maintained until

late in June, when a disturbing element appeared. The Government
had advertised for bids to supply its various departments. Corrod-

ers who had been accumulating stocks saw at once that here was
a good opportunity to unload, and by so doing relieve the market of

so much extra stock. The scheme was a good one—at least for those

who were the successful bidders. When the bids were opened it was
found that the low price of 5f cents for lead in oil had been named.

Following closely came other Government contracts calling for lead in

oil in tins and kegs for delivery, not only at Omaha, but also at points

on the Atlantic Coast. The former contract was accepted at S-^^ cents,

and the latter at 5 jif„- cents and 5-j^ cents respectively. When these

prices became public it was only natural that the market should

become more or less demoralized. Card prices were no longer respected

except for certain brands in a jobbing way. Corroders began an

aggressive warfare for orders and the price, from 5^ cents for dry lead,

gradually began to drop until near the close of the year, when sales

were made at 4f cents per pound, less the usual discounts for freight,

cartage, and cash payments. Meanwhile the price of pig lead was on

the decline, having reached about the lowest price known in years, it

being quoted at 3.1 to 3^ cents per pound for round lots.

A new price list was issued at the close of the year giving the card

rate at 5;^ cents for dry and 5f cents and upwards for lead in oil, less

2 per cent for cash. These prices, except for small lots, are nominal,

as outside corroders secure trade here by giving additional rebates,

and these prices are being met by the National Company."
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The following table is of interest, as it shows the average yearly

prices of pig lead and whit6 lead in oil (both at New York) and the dif-

ference between the two since 1874:

Average yearly net 'prices, at New York, of pig lead and wJiite lead in oil since 1874.

Years.
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Prices of white lead, etc., since 17S3—Continued.

[Por 112 pounds.]

Tears.

White lead.

Dry. Ground in
oil.

Red lead
for potters.

Litharge. Pig lead.

1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
183J

$16. 00
20.00
24.00
"23.00

$24. 00-40. 00
12.00
12.00
12.00
13.00
13.00
12.00
12.00
12.00
12.00
12.00
12.00
11.50
11.00
8.50
8.25

9. 23- 9. 78

$19. 00
24.00
27.00
24.50

. 00-40. 00
16.00
15.00
14.00
14.00
14.00
14.00
14.00
14.00
13.00
13.00
13.00
13.00
13.00
10.63
9.63
10.32

$10. 50
10.50

$14. 00
16.00 $12. 50

16.00
11.00
10.00
11.00
10.00

20.00

10
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Prices of ivhite lead, etc., since 1793—Continued.

[Per 100 pounds.]

Tears.



GRAPHITE.

Ticonderoga, "New York, continues to furnish the entire commercial

product, which in 1893 amounted to 843,103 pounds, against 1,398,303

pounds in 1892, showing a decrease of 555,260 pounds or about 40 per

cent. No cause is assigued for this decrease except the prevalent busi-

ness depression, which lessened the demand.

The following table shows the annual production since 1880

:

Production of graphite since 1880.

Tears.

1880.
1881.
1882.
18S3.
1884.
1885-

Quantity.

Pounds.

400, 000
425, 000

575, 000

327, 883

415, 525

Value.

$49, 800
30, 000
34, 000
46, 000

26, 231
33, 242

Tears.

!887.

1888.
1889.
18!i0.

ISOl.
1802.

1893.

Quantity.

Founds.
416, 01)0

400, 000

3,559,674
1, 398, 36.^

843, 103

Value.

$34, 000
33, 000
72, (i62

77. 500
110, 000
87, 902

63, 232

Uses.—The higher grades of graphite are used in the manufacture of

lead pencils and lubricants. The poorer qualities are used for cruci-

bles, stove polish, foundry facing, and in the manufacture of paiut for

metallic surfaces.

The Joseph Dixon Crucible Company, the owners of the Ticonderoga

mines and the largest consumers of graijhite in the United States, have

issued the following instructions in regard to the use of graphite for

foundry facings

:

" In considering the subject of foundry facings, the art of molding

may be divided into three classes, viz., first, green sand; second, dry

sand or loam, and third, flat or print-back molding. Such a division

answers to the three general methods in which facings are applied.

But in different shops different conditions exist and different methods

are followed, and because of these differences we are often unable,

through ignorance of them, to fill orders correctly.

•' For better information a short description is given of the three

methods of mold making and using of facings:

"First, in green sand molding, the sand (slightly damp—just enough
so to pack and retain the form of the pattern) is rammed around the

pattern, the pattern is removed, and the facing is applied. This is

done either by shaking the facing through a bag or by being put on

with a brush, to insure its even distribution over the surface of the
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mold. It is then rubbed by the hand or by the use of a sleeking tool;

this insures the adherence of the facing to the moist sand so that it

will not run or become loosened as the molten iron runs across it. This

method of making molds is used more than any of the others, and is

used in all general machine-shop work, except where the castings are

very heavy.
" Second, the dry sand or loam molding is employed. In this branch

of work dry sand, that is, sand that has previously been used in the

same kind of work, is mixed with fresh loam, and after the molds are

made they are baked by placing them in an oven, if small, or by build-

ing a fire inside the mold, if they are large. Such a mold is hard and

firm, and the surfaces are porous in texture and afford a fine support

for the facing, which is applied in the form of a wash or paste. The
usual sleeking follows to insure perfectly smooth surfaces on the cast-

ing. This method is followed where the work is heavy, such as engine

and planer beds, engine cylinders, large gear wheels, etc.

" Third, flat or print-back molding is the method employed where

the articles to be cast are light and ornamental in character, such as

stove plate, grate fronts, castings, and iron fences, etc. In this case the

molds are made the same as in green-sand molding, and the facing is

applied through a shake bag; but instead of smoothing the facing by

the hand or tool, the pattern itself is pressed back into the mold, and

in this way the facing is made to stick to the sand and also to corre-

spond exactly to the surface of the pattern. Whatever loose facing

may be left in the mold is blown out by the bellows and the mold is

finished."

Its uses as a lubricant—In regard to the uses of graphite for lubri-

cating purposes, the Dixon company says in a circular on the subject:

"For all engine cylinders it can be used dry or mixed with a little

oil or water. All three ways have been tried with satisfactory results.

For heavy bearings it may be mixed with oil or grease, and with oil for

light bearings. The quantity to be used depends upon the tightness of

the bearings. It is better to use too little rather than too much, as

graphite is a solid substance. The graphite coats the bearing sur-

faces with a shiny, unctuous veneer.

"It is equally useful for wood or metal surfaces, if the bearings are

loose enough for the introduction of this thin flake graphite.

"Its proper selection, sizing, and perfecting for lubricating purposes

is a matter requiring large skill, much machinery, and great experience.

The difterence between a perfectly pure graphite and one almost pure,

but still totally unfit for lubricating, can not be detected by either sight

or touch,"



GRAPHITE.

Graphite imported into the United tStatcsfrom 1867 to 1SD3.

769

Teara endotl-

June 30, 1867
i868
1869
1870
1871
1872
1873
1874
1875
1876
1877,

1878
1879,

1880,

1881
1882,

1883.

1884.

1885.

1886.

1887.

Dec. 31, 1888.

1889.

1890.

1891.
1892.
1893.

Unmauufactured.

Quantity. Va^ue,

Cwt.
27,113
68, 620
74, 846
80,705
51, 628
96, 381

157, 530
111,092
46, 492

50, 589
75, 361

60, 244
65, 662

109, 908
150, 927
150,421
154, 893
144, 086
110, 462
83, 368

168, 841
184, 013
177, 381

255, 955
212, 360
233, 540

288, 740

$54,131
140, 083
351, 004
269, 291
136, 200
329, 030

548, 613
382, 591
122, 050
150, 709
204, 630
154, 757
164, 013
278, 022
381, 966
363, 835
361, 949
286, 393
207, 228
164, 111
331,621
353, 990
378, 057
594, 746
555, 080
667, 775
795, 379

Manufac-
tured.

$833
3,754

17, 605
18, 091
16, 909
24, 637

22, 941
31. 674

25; 536
21,721
1,863

TotaJ.

.$54, 131
140,083
351, 004
270, 124
139, 954
329, 030
548, 613
382, 591
122, 050
168, 314
222, 721
171, 666
188, 650
300, 963
413, 640
389, 371
383, 670
288, 256
207. 228
164, 111
331, 621
353, 990
378, 0.57

594, 746
555, 080
667, 775
865, 379

MiN 93 49



BARYTES.

Barytes, barium sulphate, or heavy spar, as it is commonly called,

occurs in a number of localities in the United States, chiefly in Mis-

souri, ^ew Jersey, North Carolina, and Virginia. The better grades

are used principally in the manufacture of pigments as a cheaper sub-

stitute for white lead. Usually it is mixed with white lead, thus les-

sening the cost to the consumer, and, it is claimed, not materially

affecting the weight, quality, or covering properties. It is also used

as a makeweight in paper manufactures, and the lower grades find a

market with pork-packers in the preparation of canvas covers for their

products.

Sympathizing with the general falling off in trade during 1893, the

production of barytes decreased about 10 per cent., being 28,970 short

tons, against 32,108 tons in 1892. The value declined still more, being

$88,506 in 1893, against $130,025 the previous year, a decrease of

about 32 per cent.

The product was entirely from Missouri and Virginia, in nearly

equal proportions, no output from Kew Jersey or North Carolina being

reported. The value quoted is uniformly for crude barytes, which is,

of course, much less than that of the material after it has been ground,

floated, or otherwise prepared for commerce. The amount of refined

or floated barytes reijorted by Saint Louis manufacturers in 1893 was

13,400 short tons, valued at $231,000. Since 1882 the production of

barytes has been as follows

:

Production of o-iide haryics from 1882 to 1893.

Tears.

1882
1883
1884
1885
1886
1887

770

Quantity.



BARYTES.

Imports of harimn sulvhatefrom 1867 to 1893.

Ill

Tears ended—

June 30, 1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883

Dec. 31, 1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

Manufactured.

Quantity. Value

Pounds.
14, 968, 181

2, 755, 547

1, 117, 335

1, 684, 916
1,385,004
5, 804, 098

6, 939, 425
4, 788, 966

2, 117, 854

2, 655, 349
2,388,373
1, 366, 857

453, 333

4, 924, 423
1,518,322

562, 300
411,666

3, 884, 516
4, 095, 287
3, 476, 691
4,057,831
3, 821, 842
3, 601, 506

al,563
2,149
1,389
1,032

$141, 273
26, 739
8, 565

12, 917
9,769

43, 521
53, 759
42, 235
17, 995
25, 325
19, 273
10, 340
3, 496

37, 374
11,471
3, 850
2,489

24, 671
20, 606
18, 338
19, 769
17, 135
22, 458
16,453
22, 041
15, 419
11, 457

Unmanufactured.

Quantity.

5, 800, 816
7, 841, 715
6, 588, 872

10. 190, 848
6, 504, 975

13, 571, 206
a4, 815
2,900
2.789
2,983

Value.

$8, 044
13, 567
8,802

13, 290
9,037
7.660

13, 133
8,816
7,418
7,612

a Tons since 1890.



MINERAL WATERS.
By A. C. Peale.

For tlie year 1893 the list of springs from whicli mineral water was
sold is the largest since these reports were begun, the total number
being 330, which is 47 more than were included in the list for 1892.

Of these springs 270 report, which is 26 more than the total reporting

last year. Of the 60 springs not reporting many are springs whose
sales in the past have been very large.

The total production for 1893, including the delinquent springs at

one-half the figures last reported by them, is 23,544,495 gallons,

at a valuation of $4,246,734. This would be an increase of 1,667,891

gallons, but a decrease of $659,236 in the value as compared with the

value of the total product in 1892. The average price per gallon for

1892 was 22J cents, whereas for 1893 it is 18 cents. When the springs

actually reporting in each year are compared we find that the 270

report in 1893 20,092,733 gallons, which is a loss of 1,345,371 gallons

as compared with the product of the 242 springs reporting in 1892.

The difference in the valuation is $1,172,182 in favor of 1892.

The list of waters used commercially in the North Atlantic States

shows a net gain of 27 springs. Five springs have been taken off the

list and 32 new ones added. These new springs are as follows : Granite

Springs, Oxford Mineral Spring, and Windsor Mineral Spring, in Maine;

Pack Monadnock Lithia Spring, New Hampshire; Equinox Spring,

Vermont; Gladstone Spring, Rhode Island; Althea Spring, Connecti-

cut; Table Rock Mineral Spring, New York; Cloverdale Lithia Springs,

Gettysburg Katalysine Spring, Gray's Spring, aud Magnesia Foun-
tains, in Pennsylvania, and the following in Massachusetts : Ballardvale

Lithia Spring, Blue Hill Silver Spring, Burnham Spring, Columbia
Lithia Spring, Crystal Spring of Stoughton, Crystal Mineral Spring

of Methuen, Crystal Mineral Spring of Stoneham, Diamond Spring,

Electric Spring, Fulton Natural Spring, Goulding Spring, Harvard
Crystal Spring, Indian Spring, Leland Mineral Spring, Massasoit

Spring, Middlesex Mountain Spring, Moose Hill Spring, Mount Washing-
ton Cold Spring, Nobscot Mountain Spring, and Eobbms Sirring. Of
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the 98 springs credited to this section, 79 report, and the figures show

an increase in the production of 1,497,470 gallons. Notwithstanding

this increase in the product, the value is $88,571 less than the value of

the product of 1892.

The South Atlantic States gain 4 springs and lose 1. The new
springs are: Mardela Springs, Maryland; Lake Como Lithia Springs

and Nye Lithia Springs, in Virginia. Of the GO springs now on the

list 49 repoi't for 1893, showing an increase of 29,884 gallons. There

is, however, a decrease of -$48,457 in the value of the product, as com-

pared with 1892.

In the North Central States 14 springs have been added to the list

and 5 taken from it, leaving the total number for the section at 92,

a gain of 9 over the list of 1892. The new springs are: Crum Mineral

Spring, Crystal Kock Spring, Magnetic and Saline Spring, Mustcash

Spring, and Oak Ridge Spring, in Ohio; Barnard's Spring and Silencer

Mineral Spring, in Indiana; American Carlsbad Spring, Sailor Springs,

and Piasaqua Spring, in Illinois; Blue Eock Spring, in Michigan; Wau-
toma Sijring, in Wisconsin; Siloam Spring, in Iowa, and Excelsior

Springs, in Missouri. Seventy-eight springs report, with a decreased

production of 2,732,728 gallons and a decrease of $761,305 in value.

Three springs increase the list for the South Central States from 38

for 1892 to 41 for 1893. The springs new on the list are Jackson

White Sulphur Springs, Alabama; Eobinson Mineral Spring, Missis-

sippi, and Rockdale Mineral WeUs, Texas. The production of the 35

reporting for 1893 is 446,415 gallons more than that of 1892, and the

increase in value $12,997.

The list for the Western States and Territories shows a net gain of

5 springs, the total being 39, as against 34 in 1892. The springs new
to the list are, Hiawatha Spring, Manitou, Colorado; Wasatka Spring,

Utah; Alhambra Mineral Spring, El Moro Mineral Spring, Shasta Min-

eral Spring, and Humboldt Artesian Mineral Spring, in California.

The production of this section has decreased 586,412 gallons, and the

decrease in value is $286,846.
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Production of mineral waters for 1S93, hy States and Territories.

States and Territories.

Alabama
Arkansas
California
Colorado
Connecticut
Georgia
Illinois
Indiana
Iowa ,

Kansas
Kentucky
Maine
Maryland
Massachusetts .

.

Michigan
Mississippi
Missouri
Montana
New Hampshire
New Mexico
New York
North Carolina.

.

Ohio
Oregon
Pennsylvania . .

.

Rhode Island . .

.

Tennessee
Texas
Vermont
Tirginia
Washington
West V)rginia .

.

Wisconsin
Other States (a)

Total

Springs
report-
ing.

Product.

Gallons.
17, 900

76, 989
38:!, 179
125, 922
50,100
86, 000

118, 800
140, 000
69, 100
49, 600
57, 100

869, 917
86, 100

2, 764. 400
610.900
166.400
399, 500
16, 840

1, 409, 125
6,000

1, 942, 850
317, 200

1, 072, 200
29, 200

1, 065, 800
145, 000
44,500

359, 070

97, 000
544, 799
37, 100
28, 730

5, 705, 212
1, 200, 200

20, 092, 733

Value.

13, 637
11, 160

190. 667

48, 003
7,602

14, 600
8,440

12, 650

10, 770
5,549
7,925

138, 930
11,650

118,436
174, 232
47, 355

143, 075
6,078

702, 281
750

505, 376
79. 926
48, 640
8,800

247, 420
9.000
7,757

21, 957
24, 400

187, 045
33, 375
8,515

652, 703

54, 258

3, 652, 962

a Idaho, Louisiana, Minnesota, New Jersey, South Carolina, South Dakota, and Utah are included

here, as only one spring in each of these States reports.
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Production of natural mineral waters from 1SS3 to 1S93.

775

Geographical divi-

sion.
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Alabama.—One new spring is added to tlie list and one reporting last

year is delinquent for 1893. The following springs report:

Bailey Springs, Bailey Springs, Lauderdale county.

Healing Springs, Healing Springs, Washington county.

Jackson White Sulphur, Jackson, Jackson county.

Wilkinson's Matchless Mineral Water, Greenville, Butler county.

ArTcansas.—Four of the five springs credited to Arkansas report

5

they are:
,

Arkansas Lithia Springs, Hope, Hempstead county.

Dovepark Springs, Dovepark, Hot Spring county.

Eureka Springs, Eureka SiDrings, Carroll county.

Potash Sulphur Spring, Hot Springs, Garland county.

California.—Three new springs are added to California's list, which

makes the total for 1893 eighteen; of these, thirteen report, as follows:

Alhambra Mineral Spring, Martinez, Contra Costa county.

Azule ]Sratural Seltzer Water, San Jose, Santa Clara county.

Bartlett Springs, Bartlett Si)rings, Lake county.

Oastalian Mineral Water, Inyo county.

El Moro Mineral Spring, Elmoro, San Luis Obispo county.

El Toro Spring, Novata, Marin county.

Humboldt Artesian Mineral Spring, Eureka, Humboldt county.

ISTapa Soda Springs, Napa Soda Springs, IsTapa county.

Ojai Hot Springs, Matilija, Ventura county.

Pacific Congress Springs, Saratoga, Santa Clara county.

Shasta Mineral Spring, Shasta Springs, Siskiyou county.

Tolenas Soda Spring, Fairfield, Solano county.

Tuscan Springs, Red Bluff, Tehama county.

Colorado.—One new spring is added to the list and two are dropped,

as the water is no longer sold; the total for the State is therefore eight

instead of nine as for the previous year. Of these, however, only four

report for 1893, viz

:

Boulder Springs, Boulder, Boulder county.

Colorado Carlsbad, Barr, Arapahoe county.

Canyon City Vichy, Canyon City, Fremont county.

Hiawatha Spring, Manitou, El Paso county.

Connecticut.—One new spring is added to the list, making the total

for the State 6. Of these 5 report as follows

:

Althea Spring, Waterbury, New Haven county.

Aspinock Spring, Putnam heights, Windham county.

Highland Eock and Tonica Springs, Highland Park, Hartford county.

Oxford Chalybeate Spring; Oxford, New Haven county.

Florida.—No reports have been received from the Florida Springs.

Georgia.—All of the Georgia Springs, 3 in number, report as follows

:

Bowden Lithia Springs, Lithia Springs, Douglas county.

Hughes Mineral Spring, Rome, Floyd county.

Ponce de Leon Springs, Atlanta, Fulton county.
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Idaho.—The State of Idaho is still represented by 1 spring, viz:

Idanha Springs, Soda Springs, Bannock county.

Illinois.—Three new springs are added to the list for Illinois for 1893,

and 1 taken off, leaving the total number at 10, a net gain of 2 over

1892. Of these the following 8 reported, viz

:

American Carlsbad, Nashville, Washington county.

Black Hawk Springs, Rock Island, Rock Island county.

Cumberland Mineral Spring, Greenup, Cumberland county.

Kirkwood Mineral Spring, Kirkwood, Warren county.

Perry springs. Perry Springs, Pike county.

Piasaqua Spring, Jersey county.

Sailor Springs, Sailor Springs, Clay county.

Sanicula Springs, Ottawa, La Salle county.

Indiana.—Two new springs are added to the list, making the total

number for the State 10, of which 8 report as follows

:

Barnard's Spring, Martinsville, Morgan county.

French Lick Springs Company, French Lick, Orange county.

Indiana Mineral Springs, Indiana Mineral Springs, Warren county.

Kickapoo Magnetic Spring s, Kickapoo, Warren county.

King's Mineral Springs, Muddy Fork, Clark county.

Magnetic Mineral Spring, Terre Haute, Yigo county.

Spencer Mineral Water, Spencer, Owen county.

West BadcD Springs, West Baden, Orange county.

Iowa.—One new spring is added to the list for Iowa, making the total

6, all of which report. They are

:

Black Hawk Springs, Davis county, near Eldon, Wapello county.

Colfax Mineral Water Company, Colfax, Jasper county.

Lake View Medical Spring, Lake View, Sac county.

Ottumwa Mineral Spring, Ottumwa, Wapello county.

Siloam Springs, Iowa Falls, Hardin county.

White Sulphur Spring, White Sulphur, Scott county.

Kansas.—The list for Kansas remains the same as for 1892, except that
the name of the Great Spirit Spring is changed to Waconda. All the
springs, 8 in number, report. They are

:

Blazing's Natural Medical Spring, Manhattan, Riley county.

Geuda Mineral Springs, Geuda Springs, Cowley county.

lola Mineral Well, lola, Allen county.

Lithium Spring, Montrose, Jewell county.

Providence Mineral Wells, Providence, Butler county.

Topeka Mineral Wells, Topeka, Shawnee county.

Waconda Springs, Cawker City, Mitchell county.

Wichita Mineral Water, Wichita, SedgwirV county.

KentucJcy.—There is no change in the/T'lst for Kentucky, the total

remaining at 5. Only 1 of the springs /s delinquent for 1893. The
springs reporting are:

Bedford Springs, Bedford, Trimble county.
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Blue Lick Springs, Blue Lick Springs, Nicbolas county.

Crab Orcliard Springs, Crab Orchard, Lincoln county.

St. Patrick's Well, Louisville, Jefierson county.

Louisiana.—The 1 spring credited to Louisiana reports, viz

:

Abita Springs, Abita Springs, St. Tammany parish.

Maine.—Three new springs are added to the list. Of the 12 springs

now credited to the State 10 report, viz

:

Barker Mill Spring, Auburn, Androscoggin county.

Cold Bowling Spring, Steep Falls, Sinington, York county.

Crystal Springs, Auburn, Androscoggin county.

Granite Spring, Lewiston, Androscoggin county.

Keystone Spring, Bast Poland, Androscoggin county.

Oxford Mineral Spring, Oxford county.

Poland Spring, South Poland, Androscoggin county.

Seal Eock Spring, Saco, York county.

Underwood Springs, Falmouth Foreside, Cumberland county.

Windsor Mineral Spring, Lewiston, Androscoggin county.

Maryland.—The total number of springs for the State of Maryland

is 6, 1 new spring being added to the list. Only 1 is delinquent for

1893. The following reported, viz:

Carroll Spring, Forest Glen, Montgomery county.

Chattolanee Springs, Baltimore county.

Mardela Springs, Wicomico county.

Strontia Mineral Spring, Brooklandville, Baltimore county.

Tacoma Springs, Tacoma Park, Montgomery county.

Massachusetts.—Twenty springs are added to the list for Massachu-

setts, and 1 deducted, leaving the total for the State, 29. Of these, 27

report. They are the following

:

Allendale Mineral Spring, West Eoxbury, Suffolk county.

Ballardvale Lithia Spring, Lowell, Middlesex county.

Belmont Hill Spring, Everett, Middlesex county.

Blue Hill Silver Spring, Milton, Norfolk county.

Burnham Spring, Methuen, Essex county.

Columbia Lithia Spring, Eevere, Suffolk county.

Commonwealth Mineral Spring, Waltham, Middlesex county.

Crystal Spring, Stoughton, I^Torfolk county.

Crystal Mineral Spring, Metheun, Essex county.

Crystal Mineral Spring, Stoneham, Middlesex county.

Diamond Spring, Lawrence, Essex county.

Electric Spring, Lynn, Essex county.

Everett Crystal Spring, Everett, Middlesex county.

Fulton Natural Spring, Medford, Middlesex county.

Goulding Spring, Whitman, Plymouth county.

Harvard Crystal Spring, Allston, Suflblk county.

Lidian Spring, Brighton, Suffolk county.

Leland Mineral Spring, Lowell, Middlesex county.
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Massasoit Spring, Springfield, Hampden county.

Middlesex Mountain Spring, Maiden, Middlesex county.

Moose Hill Spring, Swami^scott, Essex county.

Mount Washington Cold Spring, Chelsea, Suffolk county.

IsTobscot Mountain Spring, Framingham, Middlesex county.

Eobbins Spring, Arlington, Middlesex county.

Sheep Eock Spring, Lowell, Middlesex county.

The Belmont Natural Spring, Belmont, Middlesex county.

Undine Spring, Brighton, Suffolk county.

Michigan.—One new spring is added, making the total 10, of which

7 report as follows:

Americanus Water, Lansing, Ingham county.

Blue Eock, Grand Eapids, Kent county.

Eastman Springs, Benton Harbor, Berrien county.

Moorman Well, Ypsilanti, Washtenaw county.

Mount Clemens Sprudel Water, Mount Clemens, Macomb county.

Salutaris Spring, St. Clair Springs, St. Clair county.

Zauber Wasser, Hudson, Lenawee county.

Minnesota.—The only representation on the list for Minnesota is still

the—
Inglewood Spring, Minneapolis, Hennepin county.

Mississippi.—One new spring is added to the list, making 5 springs

for the State, all of which report as follows

:

Brown's Wells, Brown's Wells, Copiah county.

(^astalian Springs, Durant, Holmes county.

Godbold Mineral Well, Summit, Pike county.

Eobinson Mineral Spring, Madison county.

Stafford Mineral Springs, near Vosburg, Jasper county.

Missouri.—The list for Missouri remains the same in number as for

1892, 1 new spring being added and 1 dropped. The name of Eeiger

Springs has been changed to Lineville Mineral Springs. Eight of the 10

springs report as follows

:

B. B. Mineral Springs, Bowling Green, Pike county.

Blue Lick Springs, Blue Lick, Saline county.

Eldorado Springs, Cedar county.

Excelsior Springs, Excelsior Springs, Clay county.

Lebanon Springs, Lebanon, Laclede county.

Lineville Mineral Springs, Mercer county, near Lineville, Iowa.

Eandolph Springs, Eandolph Springs, Eandolph county.

Sweet Springs, Sweet Springs, Saline county.

Montana.—One spring is gained by Montana, and both springs on the

list report as follows

:

Lissner's Mineral Springs, Helena, Lewis and Clarke county.

Pipestone Springs, Pipestone Springs, Jefferson county.

JSFew Hampshire.—Although 1 new spring has been added to the
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list, 1 has also been dropped, leaving tlie total at 3; of tliese, 2 report

as follows :•

Londonderry Litliia Spring, Londonderry, Eockingliam county.

Pack Monadnock Litliia Spring, Temple, Hillsboro county.

Netv Jersey.—jSTo cliange is noted in New Jersey. It is still repre-

sented on the list by

—

Kalium Si3rings, Gollingswood, Camden county.

Ifew Mexico.—Three of the 4 springs credited to New Mexico report.

They are the following

:

Aztec Spring, Santa Fe, Santa Fe county.

Coyote Soda Springs, Coyote Canyon, Bernalillo county.

Ojo Oaliente Spring, Ojo Caliente, Taos county.

Wew York.—Three springs have been dropped from the list for New
York and 1 new one added. The list, therefore, shows 24 springs, as

compared with 26 springs in 1892. Sixteen report their sales for 1893.

They are as follows :

Artesian Lithia Spring, Ballston Spa, Saratoga coujity.

Avon Sulphur Spring, Avon, Livingston county.

Cayuga Water, Cayuga, Cayuga county.

Deep Eock Springs, Oswego, Oswego county.

Geneva Mineral Spring, Geneva, Ontario county.

Massena Springs, Massena, St. Lawrence county.

Sulphur Springs, Eichfield Springs, Otsego county.

Table Eock Mineral Spring, Honeoye Falls, Monroe county.

Verona Springs, Verona, Oneida county.

White Sulphur Spring, Sharon Springs, Schoharie county.

Saratoga Springs, Saratoga county:

Empire Spring. '

Excelsior Spring.

Union Sj^ring.

Hathorn Spring.

Saratoga Imperial Spring.

Saratoga Vichy Spring.

Saratoga Victoria Spring.

NortJi Carolina.—Seven of the 10 springs credited to North Carolina

report. They are:

Ashley Bromine and Arsenic Spring, Ashe county.

Barium Springs, Barium Springs, Iredell county.

Black Mountain Iron and Alum Springs, Buncombe county.

Panacea Springs, Warren county.

Seven Springs, Seven Springs, Wayne county.

Shaw's Healing Springs, Littleton, Halifax county.

Thompson's Bromine Arsenic Springs, Crumpler, Ashe county.

Ohio.—Although 3 springs are droiDped from Ohio's list, 5 new springs

are added, the total being increased from 9 in 1892, to 11 in 1893.

Ten springs report as follows:

Adams County Mineral Spring, Mineral Springs, Adams county.
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Bromo Litliia Natural Si)ring', Uiplcy, Brown county.

Orum Mineral Springs, Austiiitown, Malioiiing county.

Crystal Mineral Spring, Urbana, Champaign county.

Crystal Kock Spring, Erie county.

Electro-Magnetic Spring-, Fountain Park, Champaign county.

Magnetic and Saline Spring, Marysville, Union county.

Mustcasli Spring, Erie county.

OakEidge Spring, Green Spring, Seneca county.

Sulphur Lick Springs, Anderson, Ross county.

Oregon.—Both of Oregon's springs report for 1893. They are:

Siskkiyou Spring, Soda Springs, Jackson county.

Wilhoit Springs, Wilhoit, Clackamas county.

Pennsylvania.—Four new springs for Pennsylvania bring the total

for the State up to 15. Of these, 11 report as follows

:

Bedford Mineral Spring, Bedford, Bedford county.

Black Barren Mineral Spring, Pleasant Grove, Lancaster county.

Cloverdale Lithia Spring, Newville, Cumberland county.

Eureka Springs, Saegertown, Crawford county.

Gettysburg Katalysine Spring, Gettysburg, Adams county.

Gray Spring, Cambridgeboro, Crawford county.

Magnesia Fountains, Cambridgeboro, Crawford county.

Parker Mineral Spring, Gardeau, McKean county.

Pavilion Spring, Wernersville, Berks county.

Sizerville Magnetic Mineral Spring, Sizerville, Cameron county.

Susquehanna Spring, Rush, Susquehanna county.

Rhode Island.—One new spring brings the list for Rhode Island up
to 3, all of which report. They are :

Gladstone Spring, N'arragansett Pier, Washington county.

Holly Spring, Woonsocket, Providence county.

Ochee Mineral and Medical Springs, Johnson, Providence county.

South Carolina.—Only 1 of 3 springs credited to South Carolina

reports its sale for 1893. It is

:

Garrett Mineral Spring, Spartanburg, Spartanburg county.

South DaJcota.—There is no change in, the list for South Dakota. The
1 spring credited to the State is

:

Hot Springs of South Dakota, Hot Springs, Fall River county.

Tennessee.—Four of Tennessee's 6 springs rex)ort as follows:

Hurricane Springs, Tullahoma, Coffee county.(a)

Idaho Springs, St. Bethlehem, Montgomery county.

Red Boiling Springs, Red Boiling Springs, Macon county.

Tate Epsom Springs, Tate Spring, Grainger county.

Texas.—One new spring appears on the list credited to the State.

Thirteen report sales in 1893. They are

:

Capp's Well, Longview, Gregg county.

Dalby Springs, Dalby Springs, Bowie county.

Elkhart Mineral Wells, Elkhart, Anderson county.

a The spring is in Franklin county.
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Georgetown Mineral Water, Georgetown, Williamson county.

Hynson's Iron Mountain Spring, Marshall, Harrison county.

Mineral Wells, Mineral Wells, Palo Pinto county.

Montvale Springs, Marshall, Harrison county.

Overall Mineral Wells, Franklin, Eobertson county.

Eockdale Mineral Wells, Rockdale, Milam county.

Slack's Wells, Waelder, Gonzales county, {a).

Texas Sour Springs, Luling, Caldwell county.

Tioga Mineral Wells, Grayson county.

Wooten Wells, Wooten Wells, Eobertson county.

jjtah.—For the first time Utah appears on our list represented by

the—
Wasatka Spring, Salt Lake City, Salt Lake county.

Vermont.—The total for Vermont is increased by 1 new spring. Of

the 5 springs, only 1 is delinquent for 1893. The following are the

springs that reported

:

Brunswick White Sulphur, Brunswick Springs, Essex county.

Clarendon Springs, Clarendon Springs, Eutland county.

Equinox Spring, Manchester, Bennington county.

Missisquoi Mineral Springs, Sheldon, Franklin county.

Virginia.—One spring is dropped from Virginia's list and 2 new

ones are added, making the total for the Stat^ 29. Of these 26 report

the sales of 1893.

Anti-Dyspeptic and Tonic, Burkeville, Nottoway county.

Blue Eidge Springs, Botetourt county.

Buffalo Lithia Springs, Buffalo Lithia Springs, Mecklenburg county.

Chase City Mineral Springs, Chase City, Mecklenburg county.

Cove Lithia Springs, near Wytheville, Wythe county.

FarmviHe Lithia Springs, near Farmville, Prince Edward county, {b)

Healing Springs, Healing Springs, Bath county.

Hunter's Pulaski Alum Springs, Sassin, Pulaski county.

Jordan White Sulphur Spring, Stephenson, Frederick county.

Lake Como Lithia Spring, Henrico county.

Massanetta Springs, Harrisonburg, Eockingham county.

Kye Lithia Springs, Wytheville, Wythe county.

Osceola Springs, near Pleasant Valley, Eockingham county.

Otterburn Lithia and Magnesia Springs, Amelia Court-House, Amelia

county.

Pseonian Springs, Loudoun county.

Eawley Springs, Eawley Springs, Eockingham county.

Eoanoke Eed Sulphur Spring, Catawba, Eoauoke county.

Eockbridge Alum Springs, Goshen Bridge, Eockbridge county.

Eockingham Springs, McGaheysville, Eockingham county.

Shenandoah Alum Springs, Mount Jackson, Shenandoah county.

Stribling Springs, Stribling Springs, Augusta county.

a The spring is in Fayette county. 6 The spring is in Cumberland county.
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The Seven Springs, near Glade Spring, Washington county.

The Steephill Ferro-phospho-magnesium Spring, North Staunton,

Augusta county.

Virginia Waukesha Lithia Springs, Staunton, Augusta county.

Wallawhatoola Ahim Springs, near Millboro Spring, Bath county.

Wolf Trap Lithia Springs, Wolf Trap, Halifax county.

Washington.—The 3 springs of the State of Washington report

their sales for 1893. They are:

Cascade Springs, near Cascades, Skamania county.

Medical Lake, Medical Lake, Spokane county.

Yakima Soda Spring, near North Yakima, Yakima county.

West Virginia.—One new spring increases the total for West Vir-

ginia to 7 springs, all of which report. They are:

Borland Springs, Bull Creek, Wood county.

Capon Springs, Capon Springs, Hampshire county.

Irondale Springs, Independence, Preston county.

Eed Sulphur Springs, Monroe county.

Salt Sulphur Springs, Salt Sulphur Springs, Monroe county.

Triplet Well, Calf Creek, Grant District, Pleasants county.

White Sulphur Springs, White Sulphur Springs, Greenbrier county.

Wisconsin.—One new spring is added to Wisconsin's list, and the name
of the Darlington Mineral Spring is changed to the Badger State

Spring, while the Palmyra is changed to Great Geyser Spring. Of the

24 springs credited to the State, 21 report the sales of 1893. The
springs reporting are:

Allouez Mineral Springs, Green Bay, Brown county.

Badger State Spring, Darlington, Lafayette county.

Bethania Mineral Spring, Osceola, Polk county.

Fort Crawford Springs, Prairie du Chien, Crawford county.

Great Geyser Spring, Palmyra, Jefferson county.

Lebens Wasser, Green Bay, Brown county.

Nee-Ska-Ea Mineral Spring, Wannatosa, Milwaukee county.

Salvator Springs, Green Bay, Brown county.

Shealliel Springs, Waupaca, Waupaca county.

Sheboygan Spring, Sheboygan, Sheboygan county.

Silver Sand Spring, Milwaukee, Milwaukee county.

Sparkling Spring, Milwaukee, Milwaukee county.

Wautoma Mineral Spring, Waushara county,

Waukesha Springs, Waukesha county:

Almanaris Springs.

Arcadian Spring.

Bethesda Mineral Spring,

Henk Mineral Spring.

Horeb Spring.

Siloam Spring.

Waukesha Hygeia Mineral Spring.

White Eock Mineral Spring.
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Siivivuiry of rejjorts of mineral springs for 1893.

States and Torritoiios.

NORTH Al-LANTIC STATES

Maine
New Hampshire
Veripont
Massachusetts
Rhode Island
Connecticut
New York
New Jersey
Pennsylvania

SOUTH ATLANTIC STATES,

Delaware
Maryland
District of Columbia
Virginia
"West Virginia
North Carolina
South Carolina
Georgia
Florida

SOUTH CENTRAL STATES.

Kentucky
Tennessee
Alabama
Mississippi
Louisiana
Texas
Indian Territory
Arkansas
Oklahoma

-w
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lowing list has been prepared as carefully as possible, but is subject to

future revision

:

LIST OF AMEEICA>' M1NERAL-SPR11V6 RESORTS.

Bailey Springs.

Bladen Springs.

Blount Mineral Siirings,

Butler Springs.

Chandler's Springs.

CuUom's Springs.

Healing Springs.

Lays Mineral Spring.

Livingston Artesian Well.

Shelby Springs.

Sulphur Springs.

Talladega Springs.

White Sulphur Springs.

Wilkinson's Matchless Mineral Well.

Castle Creek Springs.

Arkansas Lithia Springs.

Armstrong Spring.

Blanchard Springs.

Britt's Spring.

Buttermilk Springs.

Clear Spring.

Cluster Springs.

Dove Park Springs.

Eagle Springs.

Electric Springs.

Elixir Springs.

Eureka Springs.

Hot Springs

Howard County Mineral Spring.

Magnetic Gas Weil.

Adams Springs,

^tna Springs.

Alhambra Mineral Springs.

. Allen's Springs.

Alum Eock Springs.

Anderson Mineral Springs.

Arrovrhead Hot Springs.

Aqua de Vida Springs.

Bartlett Springs.

Blodgett's Springs.

Byron Hot Springs.

California Geysers.

California Seltzer Springs.

Campbell's Hot Springs.

Carnelian Hot Springs.

Coronado Mineral Springs.

El Paso de Robles Sjirings.

Elsinore Springs.

Eureka Springs,

I
Hooker's Hot Springs.

ARKAJ^TSAS.

Manitou Springs.

Mountain Valley Springs.

National Springs.

Pinnacle Springs.

Potash Sulphur Springs.

Eavenden Springs.

Searcy Springs.

Shover's Springs.

Sugarloaf Springs.

Sulphur Springs,

Sumter's Springs.

Twin Springs.

Watalulu Springs,

White Sulphur Springs.

CALIFORNIA.

Felt's Mineral Spring.

Fulton Wells.

Geyser Spa Si)ring.

Gilmore Glenn Spring.

Gihoy Hot Springs.

Glen Alpine S^jrings.

Gordon's Mineral Springs.

Harbin Springs.

Highland Springs.

Hough's Mineral Springs.

Howard Springs.

Klamath Hot Springs.

Lane's Mineral Spring.

Litton Seltzer Spring.

Lower Soda Springs.

Madrone Mineral Springs.

Mark West Springs.

Matilija Hot Springs.

Montecito Hot Springs.



MINEKAL WATERS. 787

CALIFORNIA—continued.

Murrietta Springs.

Napa Soda Springs.

New Almaden Springs,

Newsome's Arroyo Grande Springs.

Ojai Hot Springs.

Palm Valley Springs.

Paraiso Springs.

Piedmont White Sulphur Springs.

Eubicon Soda Springs.

San Bernardino Hot Springs.

Santa Barbara Hot Springs.

Santa Eosa Springs.

Santa Ysabel Springs.

Seigler's Springs.

Shasta Springs.

Skagg's Hot Springs.

St. Helena White Sulphur Springs.

Summit Soda Springs.

Tolenas Springs.

Tuscan Springs.

Ukiah Vichy Springs.

Upper Soda Springs.

Warner's Eanch Springs.

Wilbur Springs.

Witter's Springs.

Zem Zem Sjiriugs.

COLORADO.

Canyon City Springs.

Cottonwood Springs.

Douglas City Springs.

Glenwood Springs.

Hartsell Springs.

Heywood Springs.

Hot Springs, of Middle Park.

Idaho Mineral Springs.

Liberty Hot Springs.

Manitou Springs.

Mineral Springs, of Pueblo,

Ouray Mineral Springs.

Pagosa Springs.

Poncho Springs.

Eock Creek Springs.

Seltzer Mineral Springs.

Siloam Springs.

Steamboat Springs.

Trimble Springs.

CONNECTICUT.

Highland Eock and Tonica Springs. Staftbrd Mineral Springs.

Benson's Salt Spring.

Blue Springs.

Dixon Bay Sulphur Spring.

Green Cove Springs.

Magnolia Springs.

Newport Sulphur Springs.

Orange Springs.

Anglers Mineral Spring.

Beall's Springs.

Bowden Lithia Springs.

Catoosa Springs.

Chalybeate Springs.

Daniels Mineral Spring.

Franklin Springs.

Indian Springs.

Suwannee Sulphur Springs,

Tarpon Springs.

Turner S^iriugs.

Wakulla Spring.

Wesson's Iron Springs.

White Springs.

White Sulphur Springs.

GEORGIA.

Laurence Springs.

Magnolia Springs.

New Holland Springs.

Porter's Sj)rings.

Powder Springs.

Warm Springs.

Watson's Springs.

White Sulphur Springs.

Ahlfors Springs.

Easbly Springs.

Elliott's Springs.

Guyer Hot Springs.

Hailey Hot Springs.

Soda Springs.

Worsurck's Springs.
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ILLINOIS.

Alcyone Springs.

American Carlsbad Springs.

Diamond Mineral Spring.

Glen Flora Springs.

Greenbusli Mineral "Well.

Green Lawn Springe.

Hygienic Western Saratoga Sjirings.

Illinois Lithia Springs.

Kirkwood Mineral Springs.

Moonlawn Springs.

Okawsville Mineral Spring.

Peoria Magnetic Artesian Springs.

Perry Springs.

Piasaqua Spring.

Sailor Springs.

Silver Spring.

Asli Iron Springs.

Azalia Springs.

Avoca Springs.

Barnard's Spring.

Buttalo Saline Spring.

Cameron Springs.

Cartersburg Magnetic Spring.

Central Springs.

Eaton's White Sulphur Well.

Elliott's Spring.

French Lick Springs.

Greencastle Springs.

Hosea Saline Sulphur Springs.

Black Hawk Mineral Springs.

Cherokee Magnetic Mineral Springs.

Colfax Mineral Springs.

Lake View Medical Springs.

Indiana Mineral Springs.

Inlow Springs.

Kickapoo Magnetic Mineral Springs.

Lithium Springs.

Milburn Springs.

Spencer Mineral Spring.

Spring Beach Springs.

Saint Ronan's Well.

Trinity Springs.

Sulphur Well.

Terre Haute Magnetic Mineral Spring.

West Baden Springs.

Workman Springs.

IOWA.

Linwood Springs.

Ottumwa Mineral Springs.

Siloam Springs.

White Sulphur Springs.

KANSAS.

Arlington Mineral Springs.

Geuda Springs.

Louisville Springs.

Mound Valley Springs.

Allen Springs.

Anita Springs.

Bedford Springs.

Blue Lick Springs.

Buena Vista Springs.

Cerulean Springs.

Crab Orchard Springs.

Providence Mineral Wells.

Topeka Mineral Wells.

Waconda Springs.

-KENTUCKY.

Drennon Springs.

Forrest Springs.

Hardin Springs.

Kentucky Alum Springs.

Lower Blue Lick Springs.

Rock Castle Springs.

White Sulphur Si)rings.

LOUISIANA.

Abita Springs.

Castor Sulphur Springs.

Chinchula Spring.

Claibum Spring.

De Sota Mineral Springs.

Ocean Springs.

White Sulphur Springs.
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Addison Mineral Springs.

American Clialj^lxatB Spring.

Boothbay Medicinal Spring.

Lake Aubnru Mineral Spring.

Lubec Saline Spring.

Old Point Indian Spring.

Poland Spring.

Rosicrucian Spring.

Scarboro Mineral Spring.

Snnimit Mineral Sjiring.

Wilson Springs.

MARYLAND.

Bentley's Springs.

Carroll Sjjriugs.

Cbattolanee Mineral Springs.

Flintstoue Mineral Springs.

River Springs.

Mardella Springs.

Windsor Sulpbnr Springs.

MASSACHUSETTS.

AUandale Springs.

Berkshire Soda Springs.

Bethlehem Spring.

Echo Grove Spring.

Fnlton Natural Spring.

Massasoit Spring.

Robbins Spring.

Simpson Spring.

MICHIGAN.

Alpena Mineral Well.

Americanns Well.

Bethlehem Magnetic Mineral Springs.

Butterworth's Magnetic Spring.

Cascade Spring.

Clark Red Cross Springs.

Eastman Springs.

Eaton Rapids Magnetic Springs,

Erie Sulphjr Springs.

Flint's Magnetic Springs.

Grand Haven Mineral Spring.

Hubbardston Magnetic Well.

Lansing Magnetic Well.

Leslie Magnetic Well.

Medea Mineral Spring.

Midland Magnetic Well.

Moorman Well.

ML. Clemens Original Mineral Spring.

Mt. Clemens Sprudel Spring.

Otsego Mineral Springs.

Riverside Mineral Spring.

Salutaris Spring.

Shawnee Mineral Springs.

Spring Lake Mineral Springs.

Sprudel Well.

St. Clair Mineral Spring.

St. Louis Magnetic Spring.

Ypsilanti Mineral Springs.

Zauber-wasser Springs.

MINNESOTA.

Geissinger Springs.

MISSISSIPPI.

Artesian Springs.

Belmont Spring.

Brown's Wells.

Castalian Springs.

luka Mineral Springs.

Lafayette Springs.

Ocean Springs.

Robinson Mineral Spring.

Stalford Mineral Springs.

White's Springs.

Winston Springs.
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MISSOUKI.

Arkoe Springs.

Aurora Spring.

Barnard's Mineral Well.

B. B. Springs.

Belcher's Artesian Well.

Blankinship Medical Springs.

Blue Lick Springs.

Boon's Lick Sj)ring8.

Clinton Artesian White Suljihur Well.

Denver Mineral Sj^ring.

Eldorado Springs.

Electric Springs.

Elk Lick Springs.

Excelsior Springs.

Fairhaven Springs.

Forest Springs.

Fountain of Youth.

Glasgow Mineral Springs.

Greene Springs.

Greenwood Springs.

Harris Springs.

Haupt's Mineral Well.

Indian Springs.

.Jamesport Mineral Springs.

Jericho Springs.

Landreth's Mineral Well.

Lebanon Springs.

Lineville Mineral Spring.

McAllester Springs.

Mineola Springs.

Monegaw Springs.

Montesano Springs.

Mooresville Mineral Sj)ring.

Panacea Springs.

Paris Springs.

Randolph Springs.

Reed Springs.

Rogers's Springs.

Siloam Springs.

Spaulding Sx)ring8.

Vichy Springs.

Windsor Medical Spring.

Young's Medicinal Well.

MONTANA.

Alhambra Springs.

Allan's Mineral Springs.

Boulder Hot Springs.

Ferris Hot Springs.

Helena Hot Springs.

Hunter's Hot Springs.

Lou Lou Hot Springs.

Mill Creek Apollinarls Spring.

Pipestone Springs.

Puller's Springs.

Ryan's Hot Springs.

Warm Springs^ Deer Lodge Valley.

White Sulphur Springs.

Elko Hot Springs,

NEVADA.

I

Steamboat Springs.

NEW HAMPSHIRE.

Amherst Soda Springs,

Birchdale Springs.

Bradford Mineral Spring.

Ponemah Springs.

Unity Springs.

Yacum Springs.

Schooleys Mountain Spring.

Spa Spring.

NEW JERSEY.

I

Warnoch Spring.

NEAV MEXICO.

Aztec Spring.

Baca Springs.

Coyote Soda Spring.

Hudson Hot Spring.

.Jamez Hot Springs.

Las Vegas Springs.

Ojo Caliente Springs.
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NEW YORK.

Adirondack Mineral Springs.

Avon Sulplmr Springs.

Ballston Spa Springs.

Cairo White Snlpliur Springs.

Chappaqua Mineral Springs.

Cliittenango White Sulphnr Springs.

Clifton Springs.

Colonial Mineral Springs.

Columbia Springs.

Crystal Springs.

Dansville Springs.

Darien Mineral Spring.

Deep Rock Springs.

Doxtatter's Mineral Well.

Dryden Springs.

Excelsior and Chlorine Springs, Syracuse.

Florida Springs.

Franklin Springs.

Geneva Mineral Springs.

Lebanon Thermal Spring.

Massena Springs.

Nnnda Mineral Springs.

Oak Orchard Acid Springs.

Oueita Springs.

Reed Springs.

Richfield Springs.

Saratoga Springs.

Sharon Springs.

Slaterville Magnetic Springs.

Verona Mineral Springs.

Victor Sulphur Springs.

?NORTH CAROLINA.

. Barium Springs.

Black Mountain Iron .ind Alum Spring.

Blackwell's White Sulphur Spring.

Cherokee Springs.

Cleveland Spring.

Cresweirs White Sulphur Spring.

Ellerbe Springs.

Haywood White Sulphur Spring.

Jackson Springs.

Lemon Springs.

Lincoln Lithia Springs.

Millenheimer's Sulphur Springs.

Minnekahta Springs.

Mount Vernon Mineral Spring.

Panacea Springs.

Park's Alkaline Springs.

Piedmont Spring.

Seven Springs.

Shaw's Healing Springs.

Thompson's Bromine Arsenic Springs.

onio.

Adams County Mineral Spring.

Bellbroik Magnetic Spring.

Cedar Springs.

Crystal Mineral Spring.

Crystal Rock and Mustcash Springs.

Electro-magnetic Springs.

Greene Mineral Spring.

Howland Springs.

Kinseley's Springs.

Lenape Spring.

Marquis Mineral Spring.

Oak Ridge Spring.

Ohio Magnetic Springs.

Rex Mineral Water.

Stryker Mineral Well.

Sulphur Lick Springs.

Sulphur Spa.

Williamsport Sulphur Spring.

Yellow Springs.

OREGON.

Belknap Hot Springs.

Foley Springs.

Lehman's-Springs.

McAlister's Soda Springs.

Siskiyou Soda Springs.

Snowden Mineral Spring.

Sodaville Spring.

Wilhoit Spring.
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PENNSYLVANIA.

Allegheny Spring.

Bedford Springs.

Black Barren Mineral Spring.

Blossburg Springs.

Carlisle White Snlphnr Sjiring.

Cloverdale Lithia Spring.

Corry Artesian Fountain.

Cressou Springs.

Doubling Gap Springs.

Enphrata Spring.

Enreka Mineral Springs.

Frankfort Springs.

Gettysburg Spring.

Gray Spring.

Darling's Mineral Spring.

Kingsland Spring.

Magnesia Fountains, Camhridgeboro.

Minnequa Springs.

P.irkcr's Magnetic Mineral Spring.

Pavilion Spring.

Perry County Warm Spring.

Pulaski Mineral Spring.

Eosscommon Spring.

Saltillo Springs.

Sizerville Magnetic Spring.

Susquehanna Spring.

Wildwood Sj)riugs.

Yellow Springs.

York Sulphur Springs.

nnODE ISLAND.

Gladstone Spring.

SOUTH CAROLINA.

Ambler's Mineral Spring.

Charleston Artesian Well.

Cherokee Springs.

Clucks Springs.

Dakota Hot Springs.

Glen Springs.

New Siirings, near Spartanburg.

Reedy Creek Springs.

West Springs.
*

SOUTH DAKOTA.

I
Wessington Springs.

TENNESSEE.

Allegheny Springs.

Austin Springs.

Beersheba Springs.

Black Sulj)hur Springs.

Bon Aqua Springs.

Cascade Springs.

Castalian Springs.

Clarkstowu Springs.

Dandridge Springs.

Draper Springs.

Epperson Springs.

Estill Spriugs.

Fernvale Springs.

Galbraith Springs.

Graham's Springs.

Glovers Spriugs.

Hager Springs.

Hiuson Springs.

Howard Springs.

Idaho Springs.

Jordan's Springs.

Kleppert's Springs,

Lea's Spring.

Melrose Spring.

Mineral Hill Springs.

Montegle Springs.

Montvale Springs.

Nashville Sulphur Springs.

Oliver's Springs.

Park's Sulphur Springs.

Patterson's Spriugs.

Pettigrew Springs.

Pickwick Springs.

Price's Springs.

Primm's Springs.

Red Boiling Springs.

Rhea Springs.

Shady Springs.

South Saratoga Springs.

Tate's Epsom Spring.

White Cliff Springs.

White Creek Spring.

White Sulphur Spring.
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Bell Mineral Well.

Bostou Clialyiieate Sprinj?.

Burdett's Sour Wells.

Capps' Mineral Wells.

Dalby Springs. *

Duffau's Well.

Elkbart Mineral Wells.

Georgetown Mineral Well.

Glenmore Sulphur Sjiriugs.

Hancock Springs.

Hughes' Springs.

Hynson's Iron Mountain Springs.

Mineola Mineral Wells.

Mineral Wells of Palo Pinto.

Page's Well.

Richard's Wells.

Rockdale Mineral Wells.

Roxboro Springs.

Sar.'itoga Springs.

Slack Mineral Well.

Sulphur Springs.

Sutherland Springs.

Sour Lake Mineral Springs.

Sour Springs, Caldwell county.

Texas Sour Springs.

Thorps' Springs.

Tioga Mineral Well.

Winnsboro Chalybeate Springs.

Wisner's Springs.

Wooten Wells.

Castilla Springs.

Salt Lake City Warm Springs.

Alburg Sulphur and Lithia Springs.

Brunswick White Sulphur Springs.

Clarendon Springs.

Equinox Spring.

Guilford Springs.

Highgate Springs. ^

Lunenburg Springs.

Utah Hot Springs.

VERMONT,

Middletown Mineral Spring.

Montebello Springs.

Plaintield Spring.

Sheldon Spring.

Walcot Springs.

Welden Spring.

VIRGINIA.

Alleghany Springs.

Bath Alum Springs.

Bear Lithia Springs.

Blue Eidge Springs.

Buckingham White Sulphur Springs.

Buffalo Li^thia Springs.

Cedar BluflP Springs.

Chase City Mineral Spring.

Chilhowie Sulphur Springs.

Clifton Springs.

Cold Sulphur Springs.

Coyners Sulphur Springs.

Eggleston Springs.

Elk Lithia Springs.

Farmville Lithia Springs.

Grayson Sulphur Springs.

Harris Antidyspeptic and Tonic Spring.

Healing Springs.

Hot Springs.

Huguenot Springs.

Hunter's Pulaski Alum Springs.

Jordan Alum Spriugs.

Jordan White Suljjbur Springs.

Kimberling Springs.

Massanetta Springs.

Millboro Springs.

Montgomery Spriugs.

Nye Lithia Springs.

Orkney Springs.

Otterburn Lithia and Magnesia Springs.

Paeonian Springs.

Powhatan Lithia Springs.

Eawley Springs.

Eoanoke Eed Sulphur Springs.

Eook Enon Springs.

Eockbridge Alum Springs.

Eockbridge Baths.

Eockingham Virginia Springs.

Sharon Springs.

Shenandoah Alum Springs.

Stajford Springs.

Steep Hill Springs.

Stribling Springe.

Sweet Chalybeate Springs.

Valley View Springs.

Virginia Arsenic, Bromine, and Lithia

Springs.

Washington Springs

Yellow Springs.
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Cascade Springs.

Medical Lake.

WASHINGTON.

I Yaliinia Soda Springs.

WEST VIRGINIA.

Berkeley Springs.

Blue Sulphur Springs.

Capon Springs.

Columbia Sulphur Springs.

Ploding Springs.

Greenbrier White Sulphur Springs.

Hart Mineral Well.

Parkersburg Mineral WelK
Red Sulphur Springs.

Salt Sulphur Springs.

Shannondale Springs.

Sweet Springs.

WISCONSIN.

Allouez Magnetic Springs.

Almanaris Springs.

Arctic Springs.

Ashland Mineral Springs.

Black Earth Mineral Spring.

Gihon Springs.

Green Bay Mineral Springs.

lodo-Magnesian Springs.

Jacob's Artesian Well.

New Saratoga Springs.

Palmyra Great Geyser Spring.

St Croix Mineral Spring.

Shealtiel Mineral Springs.

Sheboygan Mineral Spring.

Sheridan Springs.

Sparta Mineral Wells.

Vita Mineral Spring.

Waukesha Mineral Springs.

Summary of Alineral-Spring Resorts.

States. j

Number
iofresorts.

California
Virginia ,

Missouri
Tennessee
New York
Texas
Arkansas
Michigan
Pennsylvania .

Indiana
North Carolina
Colorado ,

Ohio
Wisconsin
Georgia
Illinois
Alabama
Florida
Kentucky
Montana
Vermont
West Virginia

States.

Maine
Mississippi
Iowa
Massachusetts .

Oregon
South Carolina-
Idaho
Ean.sas
Louisiana
Maryland
New Mexico . .

.

New Hampshire
New Jersey
Utah
Washington
Arizona
Connecticut
Nevada
Ehode Island
South Dakota .

.

Minnesota

Total....:

Number
ofresorts.
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Abrasive materials by E. "W. Parker 670

Acid, sulpliuric, cost of mauufacttire 744

Agate 681

Alabama, bauxite 160

clay 611

coal 240

coal product, hy counties 241 , 242,

245, 246

coke 434

analyses of 435

gold and silver 50, 55, 57

iron ores 26,28,30

limestone 555

manganese 124

ores, analyses 124

manganiferous iron ores, analy-

ses 124

mica 751

mineral waters 774, 776

mineral-spring resorts 786

petroleum 509

sandstone 553

Alg,ska, gold and silver 50, 55, 57

Algiers, copper 86

Allegheny Mountain, Pennsylvania, coke

district 448

Valley, Pennsylvania, coke dis-

trict , 450

Almaden quicksilver mine production 118

Aluminum 156

imports '.. 159

prices 156

summary 2

Amazon stone 681

Amethyst '. 681

Anaconda copper mine 71

Analyses asphalt, California 632,634

France 643

Germany 643

Switzerland 643

clay, Florida 614

Switzerland t 605

coke, Alabama — 435

Washington 453

firestone, Pennsylvania 571

infusorial earth for fire brick 608

limestone, Kansas 563

manganese ores, Alabama 124

North Carolina. 132

Tennessee 133

manganiferous iron ore, Ala-

bama 124

Page.
Analyses, manganiferous silver ore, Mon-

tana 131

marble, Pennsylvauia 571

phosphate rock, Tennessee 711

rhyolite, California 731

saltpeter, Chile 737

salts, crystallized, from Soda
Lake, at Ragtown, Nevada 729

sandstone, Kansas 566

serpentine, Michigan 567

soda salts 730,733

solid contents of Soda Lake, at

Ragtown, Nevada 729

Anthracite. (See Coal.)

Anthracite (gem) 681

Antimony 184

foreign sources 185

imports 186

in California 184

Nevada 184

ores, reduction of 185

prices 184

summary 2

uses of , 186

Appalachian oil field 408

Aqnamarine 696

Argentine Republic, copper 86

petroleum 532

Arizona copper 64, 73

gold and silver 50,55,57

limestone 555

marble 548

mineral-spring resorts 786

sandstone 553

soapstone 625

stone at "World's Columbian Ex-
position 660

turquoise 695

Arkansas clay 612

coal 245

granite 544

limestone 555

manganese 120, 125

manganiferous iron ores 121
mineral waters 774, 776

mineral-spring resorts 786

natural gas 536, 541

sandstone 553

whetstones 672

Arrow points 681

Asbestos 756

imports 757

795
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Asbestos, product iu Caoada 757

summary •- - - 6

Asia copper 8C

Asphaltum, by Clifford Richardson and.E.

E.W.Parker 627

analyses California 032, 634

France 643

Germany 643

Switzerland 643

Bermudez, technology of 605

block, paving 646

chemical constitution 637

commercial application s 637

exports, Beyroot to United

States 668

from Trinidad 641

felt 637

for roofing 637

German 606

imports 628

in South America 666

Syria 667

Trinidad 640

origin and history of paving .

.

638

pavements, base for 657

binder for 657

life of 665

paving cement 650

production by States 627

rock technology 643

sheet paving 653

specifications for. 653

surface 659

summary 4

varnish 637

Atlantic copper mine 70

Australia copper 86

lead 99

turquoise 695

Austria, copper 86

manganese 151, 155

zinc 107

Austria-Hungary, lead 99

quicksilver 118

Baltimore, Maryland, coalreceipts and ship-

ments 208

trade 208

Barytes 770

imports 771

summary 6

Basic steel works 18

Bauxite, by C. W. Hayes 159

form of ore bodies 163

geological relation of deposits 160

imports 160

in Alabama 160

Georgia 100

location of deposits 100

origin of deposits 165

rock weathering 163

structure of 104

Beaver, Pennsylvania, coke district 449

Belgian blocks, manufacture iu Belgium. .

.

596

prices of, in Belgium 599

Belgium, employ6s in stone qiiarries 601

lead 99

Page.

Belgium, manganese 146, 155

prices of macadam , etc 601

stone 596

wages in stone quarries 601

zinc 107

Bermudez asphalt, technology 665

Beryl 681,096

Bessemer steel, prices 21

production 21

^ rails 21

•works 17

Beyroot asphalt exports 668

Bituminous coal production 192

Blast furnaces in the United States 15

Blossburg, Pennsylvania, coke distiict 451

Bluestone ..T 557

Boli via, copper 80

Boracic acid, imports 736

Borate of lime, imports ;? 736

Borax, imports 736

production 735

summary 6

Borneo, antimony 185

Bosnia, manganese 155

Boston, Massachusetts, coal receipts 206, 207

trade 206

smoke consumption 238

Boston and Montana Company's coppermine 71

Brick, from glass sand 608

infusorial earth 605

slag 609

Brimstone. (See Sulphur.

)

British lead supplies 100

Broad Top, Pennsylvania, coke district 449

Bromine, summary 5

Brooklyn, New York, smoke cousuinption. 238

Brown hematite iron ores 25

Brush Mountain stone 670

Buffalo, New York, coal docks 210

prices 209,210

receipts and ship-

ments 211

trade 208

smoke consumption . . . 238

Buhrstones 670

imports 671

Building stones in Sweden 579

Burmah petroleum 528

California, antimony 184

asphaltum 627, 629, 632, 634

clay 612

coal 248

product by counties 249, 250

diamonds 683

dumortierite 697

gold and silver 50, 55, 57

granite 544

infusorial earth 678

limestone... 555

manganese 120, 126

marble 547

mineral waters 774, 776

mineral-spring resorts 786

natural gas 536,540

petroleum 463, 465, 508

rliyolite, analysis 731
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California salt 719,721

sauflstono 553

soapstone 625

Boarces of coal consumed in 223

stone exliibit at World's Colam-

bian Exposition 560

tourraalino 695

Canada, copper 86

gypsuni 716

manganese lLi6, 155

' mica 757

natural gas 541

petroleum 511, 532

prices 515

sliipinents 314

Cape of Good Hope, copper 86

Carbonate iron ores 26

Carborundum 679, 701

Cash tin mine, Virginia 180

CatUnite 681

Cement, by Spencer B. Newberry 618

asphalt paving 650

summary 4

Central copper mine 70

Ceylon, gem exploration in 700

Chart of coal product, 1 880 to 1892 198

1893 193

Cherokee County, Kansas, lead and zinc ... 95

Chicago, Illinois, coal and coke receipts 215

shipments. 216

trade 215

Chile, copper 86

manganese 138, 155

saltpeter 736

analysis 737

Chlorastrolite 681

Chocolate stone 672

Chromic iron ore, summary 6

Cincinnati, Ohio, coal receipts 219

trade 219

Clay Materials of the United States, by
EobertT. Hill 603

Clays, imports 603

in Alabama 611

Arkansas 612

California 612

Colorado 613

Florida 614

Georgia 615

Mississippi 616

Missouri 616

North Carolina 616

Ohio 609

Tennessee 609

Texas 610

Virginia 610

West Virginia 611

manufacture, tech u ology of 605

Swiss, analyses of 605

summary 4

Clearfield Center, Pennsylvania, coke dis-

trict 448

Cleveland, Ohio, coal and coke receipts and

shipments 213

prices 213

Page.

Cleveland, Ohio, coal trade 213

smoke consumption . . 237

Coal, by E. W. Parker 187

amount and value of, used in coke

making 430

anthracite, in Pennsylvania 343,344

furnace for using small

sizes of 361

mines in Pennsylvania

directory of 349

production 190

bituminous, in Pennsylvania 343,363

by counties 364,367

character of, used in coke-making... 431

clearances, Cuyahoga district, Ohio.. 213

consumed in California 223

manufacture of coke. . . 427

docks at Buffalo 210

fields of the Tin ited States 187

Wyoming, by G. C. Hewitt. . 412

imports and exports 201

in Alabama 240

production by counties . 241,242

Arkansas 245

California 248

Colorado 251

production by counties. . . 252

divisions . 254

Georgia 261

Illinois 261

annual production by dis-

tricts 269

local mines 268

production by counties ... 271, 272

shipping mines 267

value of 275

Indiana 277

production by counties 277,

278, 279

Indian Territory 284

Iowa 285

production by counties 286, 289

districts 287

Kansas 294

production by counties. . 295, 296

Kentucky 299

production by counties. 300, 301

Maryland 307

Michigan 310

Missouri 312

production by counties. 313,314

Montana 320

production by counties. 321,322

Nebraska 324

New Mexico 324

production by coun-

ties 324,325

North Carolina 328

NorthDakota 328

Ohio 329

comparative statistics by coun-
ties 333

production by counties 330, 333

Oregon 342

Pennsylvania 343
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Coal, Pennsylvania, anthracite 344

bituminous produc-

tion by counties 364, 367

Tennessee 377

production by counties . 378, 379

Texas 383

Utah 386

Virginia 387

"Washington 388

production by coun-

ties 389, 390

"West Virginia 391

production by coun-

ties 393,396

"Wyoming 407

production by counties . 407^408

mines in Illinois, classification 265

days worked 274

employes in 274

lump product 266, 267

Kansas, strikes in 294

Missouri, strikes in 343

"West Virginia, strikes in 392

mining strikes 203

Pennsylvania, anthracite, annual ship-

ments of . 347

fields 345

monthly
ship-

, ments.- 191,347

production

by coun-

ties . . . 191, 346

percentage yield in coke 429

prices at Buffalo , 209,210

Cleveland 213

New York 205,206

Philadelphia 207

Saint Louis 221

Saint Paul and Minneapolis. 218

San Francisco 223

product, 1880 to 1892, chart of 198

in 1893 190

chartof 193

by fields 188

States 188,194,195

world's 203

receipts at Baltimore 208

Boston 206,207

Buffalo 211

Chicago 215

Cinciunati 219

Cleveland 213

Duluth 218

Milwaukee 217

Mobile 221,222

Saint Louis 221

San Carlos field in Texas 384

shipments from Baltimore 208

Buffalo 211

Chicago 216

Cleveland 213

Cumberland field 310

Maryland mines 309

Milwaukee 217

Norfolk 223

Page.

Coal summary 3

trade at Baltimore 2.08

Boston 206

Buffalo 203

Chicago 215

Cincinnati 219

Cleveland 212

Milwaukee 217

Mobile 221

NewTork 204

Norfolk 222

Philadelphia 207

Saint Loiiis 220

Saint Paul and Minneapolis.

.

218

San Francisco 223

Toledo, Ohio 213

review 203

world's product 202

yield in coke 429

Cobalt. ( See Nickel and Cobalt.)

oxide 168

imports 169

summary 6

Cocalico stone 670

Coke, the Manufacture of, by Joseph D.

"Weeks 415

analysis, "Washington 453

annual product of 419

by States 423

average selling price 426

character of coal used in making 431

coal consumed in manufacture of 427

required to make a ton of 429

used, amount and value of 430

Connellsville, prices of 446

imports 433

in Alabama 434

analysis of 435

Colorado 435

Georgia 436

Illinois 437

Indiana 437

Kansas 438

Kentucky 439

Missouri 439

Montana 440

New Mexico 440

NewTork 460

Ohio 441

Pennsylvania 442

Allegheny Mountain
district 448'

Allegheny Valleydis-

trict 450

Beaver district 449

Blossburg district... 451

Broad Top district. .

.

449

Clearfield Center dis-

trict 448

Connellsville dis-

trict 445

GrcMisburg district. 451

Irwin district 452

Pittsburg district ... 449

production by dis-

tricts 443
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Coke, PennsylTrania, Eeyiiold8viUe-"W a 1 a

-

ton district 450

Upper Connellsville

district 447

Tennessee 452

"Virginia 453

"Washington 453

"West Virginia 45^

Kanawha district... 450

New River district . 456

Pooohontas, Flat
Top district 454

production by dis-

tricts 458

Upper Monongahela

district 457

Upper Potomac dis-

trict 457

"Wisconsin 459

"Wyoming 460

number of ovens building, by States . 423

built, by States 421

works, by States 420

product, by States 418

rank of States in 424

receipts at Chicago 215

Cleveland 213

SaintLouis 221

summary 3

value 425

Colorado, clay 613

coal -, 251

product, by counties 252

divisions 254

coke 435

cryolite 747

gold and silver 50, 55, 57

granite 544

gypsum 714

iron ores 26,28,35

limestone 555

manganese 127

manganiferous iron ores 121

silver ores 128

mineral waters 774,776

mineral-spring resorts 787

petroleum 463,465,507

sandstone 553

stone at World's Columbian Expo-

sition 561

turquoise 695

Columbus, Ohio, smoke consumption 237

Comparison of iron-ore product with pre-

vious years 23

Connecticut granite 545

infusorial earth 678

iron ores 26,28,35

limestone 555

mica 753

mineral waters 774,776

mineral-spring resorts 787

sandstone 553

stone at "World's Columbian
Exposition 562

Connellsville, Pennaylvaiiia, cokedistri-ct. -

.

445

Pago.

Connellsville, Pennsylvapiaooke, pricesof .

.

446

Consumption of smoke, the 224

city ordinances 233

devices, automatic

stokers 231

devices, steam jets. 229

various 232

Copper, by C. Kirchhoflf 62

exports 77

foreign producers 86, 87

imports 75

British 83

into England and Erance.. 85

Liverpool, Swansea,

and London 84

in Algiers 86

Argentine Republic 86

Arizona 64, 73

Asia 86

Australia 8d

Austria 86

Bolivia 86

Canada 86

Cape of Good Hope 86

Chile 86

Europe 86

Germany 86

Great Britain 86

Hungary 86

Italy 86

Japan 86

Lake Superior region 64,67,68

Mexico 86

Montana 64, 71

Kewfoundland 86

Norway 86

Peru 86

Portugal ^86

Kussia 86

Spain and Portugal 86

Sweden 86

Tennessee 74

"Venezuela 86

prices 79

in England 81

production, by States 64

Quincy mines, operations of t)8

sales by Osceola Mining Company. 81

summary 2

supply 65

Cornwall, Englan'l, granite 583

Corundum 674

and emery, Lucas mill 677

occurrence in North
Carolina 674

summary 5

Crucible steel works 18

Cryolite 746

imports 742

Cuba manganese 138, 155

exports 138

Cumberland coal fields, shipments from 310

Cuyahoga district, Ohio, coal trade 213

Day, "William C, on stone 542

Pflayyare granite 545
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Denver, Colorado, smoke conaumption 238

Diamonds 681,682

imports 688,689

industry, history of 685

in meteorites 683

Diopside 681

Directory, anthracite, Pennsylvania coal

mines 349

mineral-water producers 766

Duluth , Minnesota, coal receipts 218

Dumortierite 697

Earthenware and china imports 604

Egypt, porphyry 576

stone 576

Emerald 681,696

in the United States of Colombia.

.

696

Emery and Corundum 674

imports 678

England, copper imports... 83

prices 81

granite 582

petroleum 527, 532

stone. 582

Eqnador, petroleum 532

Esopus stone 670

Essonite 697

Eureka, "West Virginia, petroleum, pipe-line

runs.. 502

ship-
ments. 503

Europe, copper 86

Exports, asphalt, Beyroot 668

Trinidad 641

coal 202

copper 77

lead 98

British 101

New South Wales 102

manganese, Cuba 138

Kussia 144

mineral waters 785

petroleum 462, 466

from Peru 517

salt 727

tin 183

zinc 107

Feldspar, summary 4

Fertilizers 703

imports 712

Fibrous talc 625

Fire brick, siliceoijs 605

Firestone, analysis, Pennsylvania 571

Flint, summary 4

Florida clay 614

limestone 555

mineral waters 776

mineral-spring resorts 787

phosphate rock 703, 708

Fluorspar 746

summary 5
Foreign stone exhibits at World's Colum-

bian Exposition 574

Forges and bloomaries 19

Fossil coral 681

France, antimony 185

Page.
France, asphalt, analysis 643

copper imports g5

granite 596

lead 99

manganese 146, 155

stone 596

zinc 107

Franklin copper mine 71

Furnace for using small sizes anthracite . . . 361

Ga] i cia, petroleum 524

Garnet 681,697

Georgia, bauxite 160

clay 615

coal 261

coke 436

corundum 676

gold and silver 50,55,57

granite 545

iron ores 26,28,35

limestone 555

manganese 120,128

marble 548

mineral waters 774, 776

mineral-spring resorts 787

slate 550

soapstone 625

Germany, asphalt 666

analysis 643

copper 86

granite 595

lead 99

manganese 147, 155

petroleum 525, 532

stone 595

Gilsonite, uses of 636

Glass sand brick 608

Gold and silver, by K. E. Preston 50

distribution by States 50, 57

rank of States in produc-

tion 59

summary 1

Gold quartz 681

Granite 543,544

in England 582

Fran CO 596

Germany 595

New South Wales 578

Scotland 586

Sweden 579

production by States 544

quarrying in Cornwall, England... 583

Scotland 587

Graphite • 767

as a lubricant 768

imports 769

summary .6

uses 767

Great Britain, copper 86

imports " 83

gypsum r 716

lead 99

manganese 145, 155

slate 551

stone production 595

zinc „,,,, .,. 107,109
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^Greece, lead 99

manganese 151, 155

Green County, Missouri, lead and zinc, by
districiS 95

Greeusburg district, Pennsylvania, coke. .

.

451

Grindstones G71

imports 672

suEdmary 5

Gypsum 713

imports 715

in Canada 716

Great Britain 716

production by States 714

summary 5

Hayes, C. "W., on baujcite 159

Hewitt, G. C, on coal fields of Wyoming . .

.

412

Hiddenite 081

Hill, Kobert T., on Clay Materials of the

United States 603

Hindostan stone 672

Hones, imports 673

Hornblende in quartz 681

Hungary, copper 86

Hydraulic cement 618

Hydrolite 697

Idaho, gold and silver. 50, 55, 57

iron ores 26

limestone 555

marble 548

mineral -waters 777

mineral-spring resorts 787

opal 698

sandstone 553

stone exhibit at World's Columbian

Exposition 562

Idria, quicksilver mine production 118

Illinois, coal 261

annual product by districts ... 269

industry summary 262

local mines 268

mines, classification 265

days worked 274

employ6sin 274

lump product 266, 267

product, by counties 271 , 272

shipping mines 267

value of 275

coke 437

fluorspar 746

limestone 555

mineral waters 774, 777

mineral-spring resorts 788

natural gas 536, 540

salt 719,721

sandstone 553

zinc 103

Imports, aluminum 159

antimony 186

asphaltum 628

barytes - 771

bauxite 160

boracic acid 730

borate of lime 736

borax 736

buhrstones 671

Miu 93 51

Page.

Imports, clays 603

coal 201

cobalt oxide 169

coke 433

copper 75

into England 83

France 85

Liverpool, S w a u s o a,

and London 84

cryolite . 747

diamonds 088, 689

earthenware and china 604

emery 678

fertilizers 712

graphite 769

grindstones 672

gypsum 715

hones 673

iron ores 46

by countries 47

customs districts 48

lead 97

British 101

litharge 766

manganese 122

mica 755

mineral waters 784

natural gas 541

nickel 169

nitrate of soda 738

ocher 760, 761

phosphates 712

pyrites 743

quicksilver 118

red lead 766

salt 727

silver-lead, by customs districts ... 92

eoapstone 626

sulphur 739

by customs districts 740

tin 183

tin plate 183

umber 761

v/hetstoues 673

white lead 766

zinc 1 06

oxide 106

India, petroleum 529

Indiana, coal 277

product, by counties 277, 278, 279

coke 437

limestone 556

mineral waters 774,777

mineral-spring resorts 788

natural gas 536, 539

petroleum 463,465,504

sandstone 553

stone at World's Columbian Ex-

position 562

whetstone 672

Indian Territory, coal 284

manganese 129

Infusorial earth 678

for fire brick 605

analysis of 608
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Infusorial earth, summary 6

Iodine, summary 6

Iowa coal 285

product, by counties 286, 289

districts 287

gypsum 714

limestone 553

mineral -waters 774, 777

mineral-spring resorts 788

sandstone 553

stone at "World's Columbian Expo-

sition 562

Iron and Steel, by James M. Swank 13

worts in the United States - 14

summary 1

Ores by John Birkinbine. . .,. 23

brown hematite 25

carbonate 26

classification 25

important producers 42

imports 46,47

in Alabama 26,28,30

Colorado 26,28,35

Connecticut 26,28,35

Georgia 26,28,35

Idaho 26

Kentucky 26,28,35

Maine 28

Maryland 26, 28, 35

Massachusetts 26, 28, 35

Michigan 26,28

Minnesota 26, 28, 31

Missouri 26,28

Montana 26, 28

New Jersey 26,28,35

New Mexico 26, 28

New York 26, 28, 33

North Carolina 26,28

Ohio 26,28,35

Oregon 26,28,35

Pennsylvania 26, 28, 31

Tennessee 26,28,34

Texas 26,28,35

Utah 26,28

Virginia 26, 28, 32

"West Virginia 26, 28

"Wisconsin 20,28,34

magnetite 25

material handled in mining 44

percentage received at lower lake

ports 41

production . by kinds 27

red hematite 25

production, by States and kinds. 26, 28

receipts, Lake Erie 40

shipments. Lake Superior region . 38

stocks at docks 41

mines 38

by States 39

value 36

byStates 38

Italy, copper 86

lead 99

manganese 151, 155

marble i 575

Page.

Italy, petroleum 526,532

quicksilver 118

stone 575

Jadeite 699

Japan antimony 185

copper 86

manganese 152,155

petroleum 529,532
Jasper 681

Jasper County, Missouri, lead and zinc, by
districts 94

Java, petroleum '. 530

Jones, John H., on Pennsylvania anthracite

coal 344

Kanawha district, "West Virginia, coke . . 406, 458

Kansas, coal 294

mines, strikes in 294

product by counties 295, 296

coke 438

gypsum 714

lead, by districts 95

limestone 555

analyses 563

mineral waters 774, 777

mineral-spring resorts 788

natural gas 536, 540

petroleum 510

salt 719,722

sandstone 553

analyses 566

stone at "World's Columbian Expo-

sition 562

tests of stone at "World's Colum-

bian Exposition 563

zinc 95,103

Kearsarge copper mine 70

Kentucky, asphaltum 027, 630

coal 299

product by counties 300, 301

coke .' 439

iron ores 26,28,35

limestone 555

mineral waters 774,776

mineral-spring resorts 788

natural gas 536, 540

sandstone 553

stone at "World's Columbian

Exposition 567

Kings Mountain, North Carolina, tin 178

Kirchhoff, C, on copper 62

lead 89

zinc 103

Kunz, George F., on precious stones 680

Labradorite 700

Labrador, stone 672

Lake Superior region, copper 64, 67, 68

manganese 121, 129

stone 672

Lapis-lazuli 700

Lawrence County, Missouri, lead and zino,

by districts 95

Lead, by C. Kirchhoflf 89

capacity of fourteen silver lead mines

in Coeur d'Aleno region 94

exports M
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Lead, British 101

New South Wales 102

foreign producers 99
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