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PREFACE.

MINERALOGY has recently made rapid progress in every depart-
ment. The forms of crystals are now better understood, and their
dependence on each other, and on the axes of the systems, are
more accurately determined, and expressed in simpler and clearer
language, than a few years ago might have been considered pos-
sible. Many additions have also been made to our knowledge of
the physical properties of minerals, especially their relations to
the subtler agents, light, electricity, magnetism, enlarging the
bounds and heightening the interest of the study. The number
of exact chemical analyses has likewise greatly increased, con-
firming or correcting the views formerly entertained of the con-
stitution of many important species. These analyses, too, are
interpreted in a more intelligible manner, and their results exhi-
bited in definite formulee. Hence the value of the Science is
much extended, and its true place in the Natural History of the
Earth fully vindicated. No geologist, without a knowledge of its
principles, can now pretend to explain the nature or formation of
the igneous and crystalline rocks,—rocks covering more than a
fifth part of the surface of Britain, and probably an equal propor-
tion of the whole dry land on the globe. It is clearly seen that
the chemical characters, the geognostic position, the modes of
association of simple minerals, must be thoroughly studied, before
we can hope to solve many of the highest problems in geology.
The theory of metamorphism, whether from igneous action, or
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the more gradual but not less certain or efficacious agency of
chemical and electric forces ;—the origin of mineral veins, with
the manner in which they have been filled, and the various ores,
or other substances, collected and arranged in them ;—the sources
whence plants, and through them animals, derive that unfailing
supply of mineral substances needed for their growth and health-
ful development, so that fertility and life are diffused over the
earth ;—these and many other interesting questions must ever
remain obscure without a due acquaintance with this department
in the History of Nature.

In preparing this Manual, the Author has endeavoured to bear
these facts in mind, and to give such a view of the present state of
the science as might be required for the general purposes of the
student, or serve as an introduction to the further investigation
of some particular department. It has been his wish to treat of
each portion with that fulness which its importance might require,
and especially to establish the true crystallographic and chemical
character of the species. The former is illustrated by numerous
figures ; the latter by a more complete series of the best and
most recent analyses than is to be found, he believes, in any other
English work on Mineralogy. In this attempt he has been
greatly aided by the labours of several of his predecessors.
Though special references to these have-frequently been made,
he deems it but justice again to acknowledge his obligations to
Naumann, Mohs, G. Rose, Haidinger, in the erystallographic and
introductory part of his work; to Rammelsberg in the chemical cha-
racters and analyses of minerals ; to Weiss and Hartmann for the
classification adopted ; and to the writings of these authors, of
Jameson, Phillips, Allan, and especially the very elaborate treatise
of Hausmann, for much information on the general history, the
mode of occurrence, and the geognostic and geographical position
of the various species. The titles of these and some other of the
more important books consulted are given in the subjoined list,
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TABULAR VIEW

OF THE

ARRANGEMENT OF MINERALS,

AND OF THEIR MORE

IMPORTANT CHARACTERS,

INTENDED TO FACILITATE THE DISCOVERY OF THE NAMES OF SPECIES.

Note—The following table being designed to serve as a guide to the full
descriptions in the work, and not to supersede reference to these, only the
more prominent points have been selected. More would have been unneces-
sary repetition, greatly increasing the bulk of the table, and consequently les-
sening its utility. The number prefixed to each name is that under which the
species is described. In the second column, the crystal-system, or the massive
or amorphous character of the species, is given ; Rhdr means rhombohedric ;
rh. or rhm, rhombic ; the other abbreviations require no explanation., The
third column contains the hardness, the fourth the specific gravity. The
fifth has reference to the action of acids, and the sixth to the effects of heat
applied by the blowpipe.

The following abbreviations are employed in these columns: —

ACIDS. ACIDS,

Sol. = soluble pot. = solution of potash
Ins. = insoluble wir, = water
Af. = affected con. = concentrated
Ef. = effervesces W. = warm
Gel. = gelatinizes 1 = very, Or, great
n. = nitric acid Imp. = imperfectly
h. = hydrochloric Pul. = pu venzed
s. = sulphuric Ig. = when ignited
ncl. = nitro-chloric Sil. = leaves silica

BLOWPIPE. BLOWPIPE.
Fus. = fusible Wtns.= becomes white
Inf. = infusible Eas. = easily
Int. == intumesces Dif. = difficultly
Der. = decrepitates Edg = on the edges onl
Exf. = exfoliates = forms an ename
Vol. = volatilizes Gls. = aglass
Sub. = sublimes Hep. = an hepatic mass
Fms. = gives out fumes Crst. = crystallized
Red. = 1s reduced Mag. = magnetic
Phos. = phosphoresces Ars. = arsenious fumes
CLfl. = colours the flame Sul. = sulphurous fumes
Bkns. = blackens Ant. = antimonious



TABULAR VIEW OF THE

I. ORDER—OXIDIZED STONES.

Crystal- | Hard- | Specific . 4
Nagus lization. | mess. Gfa,vity. Arige Blowpipe.
Rhdr. |7° 2:65 Ins. Inf.
Amor.  |5:5=66/2—22 Ins. ; sol. pot.|Decrep. inf.
II. FELSPAR.
3 Orthoclase...... Mncl. |6 25326 {Ins. Fus. dif.
4 Ryacolite ...... Mncl. |6 257,26 [Sol. h. imp. |Fus,
5 Albite Tricl. 6—e6'5 [2:6—27 Insol. Fus. dif,
6 Andesin Tricl. 6 2-73 Insol. Fus.
7 Saccharite...... Mass, [5—6 [2-66—2-7 1Sol. imp. Fus. edg.
8 Labradorite .. |Tricl. 6 2:68—2-74/Sol. h. Fus.
9 Couzeranite ...Mnel. |6 2:69 Insol. Fus, en.
10 Anorthite ...... Tricl. |6 2:7—276 [Sol. h. Fus. gls.
11 Oligoclase ...... Tricl. 6 2:64—2-66{Insol. Fus. gls.
12 Petalite .. ...... CL ? 65 2:4—2'5 |Insol. Fus, gls.
13 Spodumene ...[rh.? 6:5—7 :307—3'2 |Insol. Fus. int. gls.
14 Kastor ......... Mnel. |6—65 {2°38—24 |Insol. h. Fus. dif. fl.yel.
15 Pollux ......... ? 6—6'5 |2:87—2°9 |Sol. w, h. Fus. edg,
16 Amorph.felspar{Comp. |5—7 [22—24 Fus. gls. en.
I11. ScAPOLITE,
17 Scapolite ...... Tet., 5—55 [2:6==28 SoL h. Fus, ef. gls.
18 Nuttalite ...... Tet. 55 |27 ol. Fus, ef. gls.
19 Barsowite ...... Mass,  [55—6 |[2:7—2:76 |Gel. h. Fus, dif, gls.
20 Ottrelite.........[Mass.  |5— 44, Sol. w. Fus. dif. edg.
21 Palagonite......|Amor. [5? 2:43 ol. h. Fus. mag.
22 Dipyr . ........|Tet. e b2 Af. ac. Fus. gls.
23 Nepheline...... Hex. 55—6 |2:58—2'64/gel. h. Fus, dif. gls.
24 Davyne ......... Hex. 5—5'5 [2:42—2-46:Sol. ef. h, Fus. gls.
25 Gehlenite ... .. Tet. 5:5—6 [2:98—31 |Gel. h. Fus. dif.
26 Humboldtilite ..(Tet. 5—55 [2:90—2:95(Gel. h. Fus, eas. gls.
27 Prehnite.........Rhm.  {6—7 |28—3 Sol. h.(ig. gel) |Fus. eas. en.
28 Zeuxite, &ec. ... R Wl o TN
29 Nephrite ...... Comp.. |6—65 [29—3 e Fus. int. en.
IV. HavLom
SToNES.
30 Lazulite......... 5—6 |3—3'1  |Imp. sol. Infus. int.
31 Calaite ..... ” 6 2:6—2'8 [Sol. Infus, cLf.
32 Wavellite ...... 35—4 |2:3—25 (Sol. Int. cl.fl.
33 Wagnerite 5—5'5 [2:9—380 |Sol. n. = Fus, dif.
34 Amblygonite ...Rh. 6 3—3:1 Sol. 8. h. {Fus, eas.
35 Alunite ......... Rhdr. 3:5—4 |2:6—2'8 [Sols. ; ins, h. |Infus.
36 Aluminite ...... ? 1 1-7 Sol. h. Infus. ; fm.
37 Pissophane.....| ? 2 1°92—1-98Sol h, Blkns,
38 Latrobite ...... Trel. 5—6 |27—2'8 Int. fus, edg.
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Crystal- | Hard- | Specific d .
N, ]igtion. ness. G}r]a.vity. Acids. Blowpipe.
V. LEUCITE.
39 Leucite ......... Tess, 556 (2:4=—2'5 [Sol h. Infus,
40 Porcelain spar |Rh. 55 2:67—2:68/Sol. h, Fus. eas.
41 Sodalite ......... 55 2:28—229|Gel. Kus, eas.
42 Hauyne .. 5—55 [24—2'5 [Sol. h. Decr. fus.
43 Nosean .. 55 2:25—2-27(Sol. h. Fus,
44 lttnerite......... 3 5.5 2:37—2-4 'Gel. h. Fus. efe
45 Lapis Lazuli ...[Tess. 5°5 2:38-—2:42/Gel. h. Fus. eas.
46 Eudialite .. ... Rhdr. [5—5'5 [2:84—2:95/Gel. h. Fus.;eas,
VI. ZEOLITES.,| ) /
47 Analcime .. ... Tess. 55 2:1—2:25 Gel. h. Fus.
48 Natrolite ...... Rh. 5—55 [2:17—226 Gel. h. Fus. -
49 Scolezite .|Mncl. [5—5'5 [22—2:3 |Gel h. Fus. twists,
50 Damourite...... Mass. 1’5  |27—2:8 [Sols.insol. h, |Fus. dif
51 Thomsonite ...|Rh. 5—55 [2:3—2'4 |Gel h. Fus. dif. int.
52 Stilbite ........ Rh. 35—4 |2:1—22 |Sol. h. Fus, dif. int. !
53 Aedelforsite ...[Mass. 6 2:6 Gel. Fus, int.
54 Heulandite .. |Mncl. |35—4 [211—22 |Sol dep.sil. [Exf ;int.; fus.
55 Brewsterite ...[Mnel. [5—55 [2:12—2-2 |Sol dep. sil. |Fus. int.
56 Epistilbite ...... Rh. 35—4 [2—22 Sol. h, Fus. en.

_57 Apophyllite .../ Tet. 4:5—5 (2:3—2:4 [Sol. exf. h. |Fus.en.; exf.
58 Okenite ......... Rh. 5 2:28-—2-36So0l. gel. h. Fus. en. frths.
59 Pectolite ... . [Mncl? |5 2:69—2:74/Sol. h. ; ig. gel.|Fus. eas.

60 Chabasite ...... Rhdr. 4—q5 [2—2:2 Sol. or gel. h, |Fus. en.
61 Faujasite ... ..|Tet. e 119=2 Sol. h. Fus, int.
62 Harmotome ...|Rh, 45 2:3—2-4 |Sol. h. dif.  |Fus. dif.
63 Phillipsite ...... Rh. 45 2:15—2-19,Gel. h, Fus. eas.
64 Zeagonite, Nawm|Tet. 6—6°5 |2:18 Gel. h. Infus.
— Zecagonite,Haus,| ? 4:5 Gel. h. Fus. eas.
65 Laumonite.... ..Mncl. [3—35 [22—23 [Gel. h. Fus. eas.
66 Leonhardite ...|Mncl. 3—35 [225 Sol. Fus, eas. ; exf.
67 Glottalite ...... Tess. 3—4 (2718 ... Fus. int. en,
68 Edingtonite ...|Tet. 4—d45 [27—2'75 |Gel. h Fus. dif.
VIIL. Mica. :
69 Potash-Mica ... Mncl. |2—3 (2:8—31 {Insol. Fus.
70 Lithia-Mica ...|Mncl.? [2—3  [2:8—3-1 {Sol. impr. Fus. eas.
71 Magnesia-Mica|Hex, 2:5—3 12-85—2'9 [Sol. 5. Fus. dif.
72 Lepidomelane |Hex. 3 30 Sol. h. n. Fus. blk. mag.
73 Chloritoid ...... Mass,  [55—6 |3'55 |Insol. Inf. mag.
74 Chlorite ..... .o Hex. 1—=15 2'78—2'96‘801‘ 8. Fus. dif. edg.
75 Ripidolite ......|Rhdr. 2—3 2'61—2'77]501. 8. Exf. ; fus. edg.
76 Talks............ Rh.mncl.{1 2:63 —2:75{Insol. Inf. exf.
77 Schillerspar ...[Mncl.  [35—4 |26—28 |Sols.;imp. h./Fus. mag.
78 Antigorite ... .. ? 2:5 2:62 Sol. h. dif. Fus, dif. en.
79 Hydropite ..... [Mass. [3—4 |2:65 | e Infus.
80 Serpentine... .. ? 3—35 |2°6—2'6 Sols. h. Fus. dif.
81 Picrosmine ...|Rh. 2:5—38 (2:6—27 l ...... Inf, (H. = b.)
82 Villarsite ...... Rh. 3 2:9—3  |Sol. dif. Infus,
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Crystal- | Hard- | Specific X R
Naumr. lization. | ness. gfa,vity. Acids. Blowpipe.
83 Spadaite ...... Amorph. 12-5 Sol. eas. h.  |Fus,
84 Gymnite ...... Mass. 12:216  |Sol con. h. sil.{Fus.
85 Chonikrite ...[Mass. 2:5—3 [2:91 Sol. h. Fus. boils.
86 Pyrosklerite |[Rh.? 3 2:7—2-8Sol. h. Fus. dif.
87 Kammererite [[lex. 1:5—2 [2:76 S Inf, exf.
88 Pyrosmalite...[Hex. 4—4-5 [3—32 [Sol.n. Fus,
89 Cronstedtite...|Rhdr. 25 3:3—35/Gel. h. Int. fus. edg.
90 Stilpnomelan [Mass.  [3—4  [3—34 |Sol. imp. Fus. dif.
91 Brucite......... Hex. 2 2:3—2:4{Sul. eas. Tnfus.
92 Hydromagnesite [Amorph. [1-5—2 ? Sol. eff, Infus,
93 Nemalite....... Fibrous |2 2:4 Sol. slow. ef. |Inf.
94 Seybertite ...|Hex.? |4:5—6 [3—3:16 |Sol. con. ac. |Inf.
95 Margarite...... Momnocl. 13:5—4°5/3'03 Sol. Int, fus. dif.
96 Pyrophyllite [Rh.? 1 2:7—2-8/Sol. imp. 5.  |Inf. exf.
97 Anaucxite ..... Mass. 223 - «[2:26 . Ak b LIk Fus. edg.
98 Pholerite...... Mass, 0-5—1 |[2:3—2+6 Ins. h. Infus.
99 Rosellan ...... Mass. 25 Dy 2 ¥ NN Fus. dif.
VIII Horn-
. BLENDE.

100 Hornblende...|Monocl. |5—6  |2:9—3-4/Ins. sol. imp. |Fus. int.

—101 Augite......... Monocl. [5—6  {3:2—3-5[Sol. imp. Fus.

102 Hypersthene [Monocl. |6 3:3—3-4|Ingol. Fus. eas.
103 Bronzite ...... Monocl. [4+5—5 |3:2—3-5/Insol. Fus, dif.
104 Diallage ...... Mass, 4 3:2—3:3|Insol. Fus, eas.
105 Rhodonite ...[Monocl.? |5—55 [3:5—3-6|Insol. Fus.

106 Tephroite...... Tet. 55 4:0—4-2|Gel, h. Fus. eas.

107 Troostite ...... Rhdr. |55 4:0-—4-1(Sol. n. Fus. edg.

108 Wollastonite |Monocl. |5 2:7—29Gel. h. Fus, dif.

110 Achmite ...... Monocl. |6—6-5 |3:5—3:6[Sol. imp. Fus. eas.

111 Sordawalite ...|Mass,  [4—4'5 12:5—26|Sol. imp. Fus.

112 Krokydolite...|Mass. |4 3:2—3-3{Insol. Fus. eas.

113 Pyrallolite ...|TricL 3:5—4 |2:5—2-6/Insol. (?) Fus. dif. edg.

114 Pyrargillite ...|Rh. ? 35 25 Sol. h. Infus.

115 Karpholite ...|Fibrous [5—55 [2:9—3 |Sol,imp.!! [Fus.int,

116 Babingtonite |Tricl. 5—>55 [3:4—3:5/Sol. w. h. Fus. eas, ef.

117 Isopyre ...... Amorph. [5:5—6 |2:9—3 |Sol. impf. Fus. mag.

118 Polylite ...... Mass. |6—65 [323 |  ...... Infus.

119 Tachylite ...[Amorph. |65 2:52 Sol. h. Fus. eas. .
IX. Cravs,

120 Kaolin .........|Mass. 1 262 Sol.w.s.;insoLh|Infus,

121 ¥Clay. £ 5 Comp. 1-8—27 Fus.

122 Rock soap ...[Comp. {1—2 } | ...

123 Plinthite ...... Comp, [2—3 234 kTR Inf. bkus.

124 Green-earth.../Mass. 1—2 |28 Insol. Fus.

125 Yellow-earth [Comp. {l—2 }2:2 Sol. imp. h.  |Inf.

126 Halloysite ...JAmorph. {1'-5—2:5/1-9—2-1/Sol. con. s.  |Infus.

127 Fuller’s Earth {Amorph. [1—1:5 {1:8—2 [Sol. con. s.

128 Allophane ...|Mass, 3 18—2 |Gel. Inf, int.

129 Schrétterite ...\Amorph. '3—35 '1'9—2 Gel. h. Inf, whtns.



ARRANGEMENT OF MINERALS.

XV

| Crystal-

Hard- | Specific

NamME, lization. | ness. | gravity. Acids. Blowpipe.
130 Challilite....... Comp. [4'5 2:25 Inf. whtns.
131 Bole..... ...... Comp. |1—2 [22—2'5 Fus.
132 Teratolite...... Comp. [25—3 |25 Infus.
133 Kollyrite ...... Comp. [1—2 [2—3 Infus,
134 Lithomarge ...|Comp. [2:5—3 (24—=26 [ ... | ...
135 Miloschin......[Comp. (2 2:13 Infus.
136 Kerolite ... .. Mass. [2—3 [2:3—2+4 Infus.
137 Agalmatolite [Mass. 2—3  [28—29 Fus. edg
138 Soapstone ...[Mass. 15 2-26 Fus.
139 Pipestone.. ... Comp. |1'6 26 Infus.
140 Meerschaum Comp. [2—2'5 [0-8—1 Fus. edg
141 Pimelite ...... Mass, 25 2:23=2+3 Fus. edg
142 Dermatin...... Comp. (25 213 Bkns,
143 Retinalite......|Mass. |35 25 ] . Inf. wtns,
X. GARNET
144 Garnet.......... Tess. *5(3:5—4'3 [Sol. impf. h. |Fus. eas,
145 Pyrope 3:7—38 |Insol. Fus. dif.
146 Helvine 31—3-3 [Sol. h. Fus, intum.
147 Tdocrase 3:3—3'5 (Sol. imp. h. |Fus.easintum.
148 Epidote 32—3'5 |Ign. sol. Fus,
149 Axinite . , 3—33 |Ign. sol. Fus. eas.intum.
150 Cyanite ...... Monocl. [5—7  |35—3-7 |Insol. Infus,
151 Sillimanite ...[Tricl. ? |[7—7'5 |32—3'3 [Insol. Infus.
152 Bamlite ...... Monocl. ?6—7 (298 | ... Infus,
153 Andalusite ...Rh. 7—7'5 [31—3'3 {Insol. Infus.
154 Staurolite...... Rh. 7—7°5 |3:5—38 |Ins. h,; imp. s.|Infus.
155 Diaspore ..... Rh. 6 3:3—34 {Insol. Decrep. infus,
156 Hydrargillite |[Hex. 2:5—3 |2:3—24 (Sol. w. ac. Exf. infus.
157 Periclase ...... Tess. 6 375 Sol. pul. Infus.
158 Glaucophane |Rh.? 55 310 Sol. imp. Fus. eas,
XI. GEms.
159 Zircon ......... Tet. 75 4—4'7  |Insol. Infus,
160 Malacon ......|Tet. 6 39 Sol. pul. s,  |Infus.
161 Spinel ......... Tess. 8 3:4—3'8 (Insol. Infus.
162 Automalite ...|Tess. 18 4'1—4'3 (Insol. Infus.
163 Corundum ...|Rhdr. 9 3:9—4 Insol. Infus,
164 Chrysoberyl....Rhm. 8'5 3'68—3-8,Insol. Infus.
165 Topaz ......... Rhm. 8 34—36 |Insol. Infus,
166 Pycnite ......[Mass. 75 3'4—36 |Insol. ‘Infus.
167 Leucophane. . Trcl.? [3-5—4 2:97 L e Fus.
168 Euclase ...... Monocl. (7°5 3—31 |Insol. Fus. intum.
169 Emerald ...... Hex. 7-5—8 |2:6—2'8 |Insol. Fus, dif. edg.
170 Phenakite .../Rhdr. 7°5—8 (2°9—3 |Insol. Infus.
171 Tolite ......... Rhm. 7—7'5 12:6—2-7 [Sol. imp. Fus. slow
172 Tourmaline...[Rhdr.  [6:56—7-53—3'3 [Sol. imp. s.  |Fus.; or int.
173 Chrysolite ...|Rh. 6-5~7 13 3—3'5 |Gel. 8. Infus.
174 Chondrodite... Monocl. 165 3:1—3-25ISol. Fus, dif. edg.




xvi

TABULAR VIEW OF THE

Crystal-| Hard- | Specific E 9
Namz. “;Zﬁ‘m, e gfavity. Acids. Blowpipe.
XII. METALLIC
Stonzs. :
175 Liévrite ...... Rh. |5'5—6 {3:9—4:2 [Gel. h. Fus. eas,
176 Hisingerite ...| Mass. | 3-5—4 |2:6—3 Sol. ; sil. Fus. dif.
177 Anthosiderite | Mass. | 6°5 3 Sol. h. Fus. dif. mag.
178 Nontronite ...| Mass, |1 2:08 Gel, w. acids. {Der. mag.; inf.
179 Pinguite ...... Mass. |1 2:3—244 |Sol. h. ; sil, |Fus. edg.
180 Chloropal...... Mass, | 2:5—3 |2°1—2:2 | Sol. h.imp. {Infus.
181 Chlorophaeite | Mass. |Soft. {2:02 | ... Fus.
182 Thorite......... Mass. 46—4'8 | Gel. h, Infus.
183 Eulytine .. ... Tess, |4:5—5 [50—6 Gel. h. Fus. eas.
184 Gadolinite ...| Mncl. |65 4—4-4 Gel. h. Incan. int.
185 Allanite ......] Rhm. |6 3:2—37 |Gel h. Fus. frths,
186 Tschewkinite | Mass. | 5—=55 |4°563 Gel. w. h. Int. fus,
187 Cerite ......... Hex. |55 4:9—5 Sol. h. gel. s. {Inf, yel.
188 Pyrochlore ...| Tess, |5 3:8—4'3 |Sol con. s. |Fus. dif.
189 Oerstedtite ...! Tet, {55 363 R > 4 Infus.
190 Keithauite ...\ Mass, |6—7 |3+69 Sol. h. pul. |Fus. eas.
191 Wahlerite ...[? 5—6 [341 Sol. w. con. h.|{Fus,
192 Polymignite...| Rhm. |65 4-806 SoL con. h. |(Inf.
193 Polykrase...... Rhm, {5—~6 [5—5'15 |Sol.s.;h.imp./Inf der.
194 Perowskite ...[ Tess. |55 4 Af. imp. Infus.
195 Aeschynite ...| Rhm, |5-—5'5 (4'9—51 |Sol.con.s.imp.|Inf. int.
196 Mengite ...... Rhm, |5-—=55 548 Sol. w. con. s./Inf. mag.
197 Monazite ...... Mncl, | 5—~55 [56—525 |Sol. h. Inf,
198 Samarskite ...l Rhm, !55 5625 Sol. h. Fus,
I1. ORDER.—SALINE STONES.
I. Fam. Carc-
SpaR.
199 Cale-spar Rhdr, {3 2:6—2'8 |[Sol. h. n, ef. |Inf.
200 Dolomite ......| Rhdr. 3:5—~4:5/2:8—295 [Sol. h. dif. Inf.,
201 Breunnerite ... Rhdr, [4—4'5 |2:°9—3'1 |Sol. w,ac. Inf. mag.
202 Magnesite ...| Comp.[3—5 |2:8—3 Sol. w. ac. Infus.
203 Mesitine-spar | Rhdr. [3:5—4 [3-3—3'4 (Sol. w. ac.  [Inf.
204 Arragonite ... Rhm. 3:6—4 (2°9—3 Sol. h.n. ef. |Inf. derp.
I1. FLUOR-SPAR.
205 Fluor-Spar ..| Tess, |4 3:1—32 |Sol. 8. h.n. {Decrp. fus.
206 Yttrocerite ...| Mass. [4—5  |3'4—3-5 [Sol h. Infus.
207 Fluocerite ...| Hex. |4—5 |47 | ... Inf. FL
208 Fluocerine ... Mass. [4°5 | ... | ... Inf, F1
209 Cryolite ......| Rhm.?2:5=3 [2:9—3 Sol. s. h. Fus, eas.
210 Chiolite ...... Rhm. {4 2:72 Sol. s, Fus. eas.
211 Hopeite ......| Rhm, [2:5—3 (276 Sol. ac Fus, eas.
212 Apatite Hex. |5 3:16—~322!Sol. n. h. Fus. dif.
213 Herderite......| Rhm, |5 2:9-—3 Sol. w. h. Hus, dif.
214 Childrenite ...| Rhm. [4°5—5 s ot RS
215 Xenotime ...| Tet. 45 4530 Bl s . Inf.
216 Boracite ...... Tess. (7 2:9—3  |SoL h. Fus. dif.




ARRANGEMENT OF MINERALS.

xvii

Crystal-| Hard-

Nane. lization.| ness.

217 Hydroboracite Mass. |2

218 Datolite ..... Mncl. |5—55
III. HEAVY
SPAR.
219 Barytes .......Rhm. [3—3-5
220 Dreelite ...... Rhdr. [3—4
221 Witherite ...Rhm. [3.—=3'5
222 Alstonite ......,Rhm, [4—4-5

223 Baryto-calcite |Mncl. |4

224 Celestine .......Rhm. [3—3'5
225 Strontianite...Rhm. [3'5

IV. Gyrsum.

226 Gypsum .. ... Mncl. {15—2
227 Anhydrite ... Rhm. [3—3'5
228 Polyhalite ....Rhm. [3'5

229 Glauberite ...[Mncl. [2:5—3
230 Pharmacolite {Mnecl, |2—2'5
231 Haidingerite |Rhm, [2—-25
232 Berzeliite .. ... Mass, |55

V. Rock Sarr.!

233 Rock Salt ... Tess. |2

234 Alum ......... Tess. |2—275

235 Alunogene ...

? 1:5—2

236 Glauber Salt |Mnel, |15—2

237 Melanterite ...]Mncl. (2

238 Botryogene ...[Mncl. [2—2°5

239 Copiapite.......|Cryst.

240 Coquimbite ...|Hex. 225

241 Tectizite ...... Rhm, |[I'6—2
242 Cyanose ...... Trel. 25
243 Goslarite ...... Rhm, [2—2'5
244 Bieberite ...... Mncl.
245 Johannite...... Mncl, [2—25

246 Natron...... ...Mncl. [l—1'5
247 ThermonatriteRhm, [1'5
248 Trona ... .....Mncl, [2:5—3
249 Gaylussite ...[Mnel. [2'5
250 Borax .........[Mnel. [2—-2-5

251 Sassoline .. ...|Trel. 1

252 Nitre ........ Rhm, (2

253 Nitratine ...... Rhdr. [1-6—2
254 Nitrocalcite...|Fibr,

255 Nitromagnesite |Fibr,

256 Salammoniac |Tess, [1°5—2
257 Mascagnine ...[Rhm. [2—2°5
258 Arcanite ...... Rhm. [2:6—3

259 Thenardite ...Rhm., {25

260 Epsomite...... Rhm, 2-—26

ifi
Zf::;ty? Acids. Blowpipe.
19—2 [Sol. h. n. Fus. eas.
2:9—=3 |Gel. h, ‘Fus. eas.
4:3—4-7 |Ins. Derp. fus. dif.

3'2—3'4 Sol. h. imp. ef.|Fus, eas.
4-2—4'3 |Sol. h. n. ef. [Fus, eas.

3'6—3'8 [Sol. h. ef.

Infus.

36—37 |Sol h. ef. Inf,
3:9—4  [Slight af. Der. fus. eas.

3:6—3-8 (Sol, ef.

2224 [Insol.

Fus, dif. ; int,

Exfol. fus. en.

2:8—~3 |Insol. Fus. dif, en.
2:7—~2-8 [Sol. wtr. Fus.

2:7—2-85|Dem. wtr. Decr. fus.
2:6—2'8 [Sol. eas. Fus. en; ars. fm.
2:8—29 [Sol. eas. Fus.

2:52 Sol. n. Infus.
2:1—2'2 |Sol, wtr. I! Fus,

1-75—1-9!Sol. wtr. !! Sul. fms.

1*6—1-7 |Sol. wtr. !!

Infus.

1-4—1-5 |Sol. wtr. !! Fus. hep.
1-8—19 [Sol. wtr.1! Fus. evap.
2—2:1  |Sol. wtr. imp. {Int,

Sol. wtr,
2—2:1 |Sol. wtr. Sul. fms.
2 Sol. wtr. ! Fus,

2°2==2:3 [Sol. wtr. !

Red. Cu.

2—21 |(Sol. wtr.!"! Int.

v |SoL witr. Sul. fms.
319 Sol. wtr.
1-4—1-5 |Sol. wtr. Ef. with sil.
1:5—16 |Sol. wtr. Ef. with sil.

2:1—=2-2 [Sol. wtr.

Ef. with sil.

1:9—2  [Sol. wtr. imp, |Fus, eas.

17—1-8 |Sol. wtr,

Intm. fus,

1-4—1-5 {Sol. wtr, Frth. fus,

1.9—2  |Sol. wtr. Fus.! el fl,
2:1—2-2 |Sol, wtr. Fus. ; cl. fl.
... {Sol. wtr. Fus. eas.

Sol. wtr. Fus, eas.

156 |SoLwtr.!  |Vol.
1:7—1-8 |Sol, wtr.! Der. fus, vol.
173 Sol. wtr. Der. fus, cryt.

2:6—2'7 |Sol. wtr. Fus. cL fl.

1718 (Sol. wir.! Fus.
b



xviil

TABULAR VIEW OF THE

II1. ORDER.—SALINE ORES,

Crystal-| Hard- | Specific g 3
NAME. lizZtion. o grl;vity. Acids. Blowpipe.
1. FaM. SPARRY

IroN OREs.
261 Siderite 3:7—3:9/Sol. ef. Inf. bkns, mag.
262 Ankerite 2:9— 3+1{Sol. ef. Inf. bkns, mag.
263 Diallogite 3'3—3'6/Sol. ef w. h. |Inf. der.
264 Manganocalcite [Rhm. [3:5—4°5[3-3—3:6/Sol. ef. Inf.
265 Lanthanite ... |Sol. ef. Inf.
266 Parisite 45365 % - | 1oL Inf. phos.
267 Calamine......... 4:1—4°5/Sol. ef. Infus,
268 Galmei............ 3:3—3-5/Sol. ; sil. gel. [Der. inf.
269 Williamite ...... 41—4-2/Sol. Der. inf.
270 Triplite 3:6—38 Sol. h. Fus. intm.
271 Zwieselite 3:9—4 [Sol. w. s. Der. fus.
272 Triphyline 3:5—36/Sol. h. eas, Fus. mag.
273 Hureaulite f 2:27 Sol. Fus. eas.
274 Heterozite 3 +5|3-4—3:5/Sol. h Fus.
275 Alluaudite 4— 3°4—3-5/Sol. h Fus. mag.
276 Pitticitetl'. ...... 2—3  |2:3—25Sol. h Fus, ef.
277 Diadochite ..... 3 2:03 Fus, dif.

I1. CorpEr-

SarTs,

278 Dioptase ........ 5 3:2—3-3|Gel. h. s Inf. cl. fl.
279 Chrysocolla 2—3 2:0—2-3{Gel. h. s. Inf, cl. fl.
280 Azurite ......... 3:5—4 |3:7—3-8{Sol. ef. Fus, red.
281 Malachite 35—4 |36—4 [Sol. ef. Fus. red.
282 Aurichalcite ...|Acic. 2 .. |Sol. ef. Zn. Cu.
283 Chalcophyllite...|Rhdr. 2 2'4—2¢6{Sol., eas Der. fus.
284 Tirolite............ Mass, 3-—31 [Sol. ef. Der. !! fus.
285 Erinite........... 4—41 | .l
286 Liroconite 2:8—3 [Sol Fus. intm.
287 Olivenite ... Rhm, [3 4:2—46[Sol. Fus. eas. Ar.
288 Euchroite... ..IRhm. 35—4 |33—3:5/Sol. n. eas. Fus. Ar.
289 Klinoclase ..... Mnel, {2'5—3 [4'2—4+4|Sol. ac. Red. Cu.
290 Phosphorochalcite {Mncl. |5 4°1—4-3{8ol. n. eas. Fus, der.
291 Thrombolite ...[Amor. [3—4 [3:3—34 Fus. cl. fl.
292 Libethenite ...... 4 36—3'8/Sol. n. eas Fus.
293 Tagilite ......... Amor. |3 35 . L{ep o SRR SR
3294 Ehlite ...... ...\Mass. |1'5—2 |3:8—4'3Sol. n. eas.  {Fus. der.
295 Atacamite ...Rhm. [3—3'5 [4—4:3 [Sol. eas. Fus, cl. fl
296 Volborthite ...... Hex. |3 355 Sol. h.n, Fus. eas.
297 Arseniosiderite (Fibr. [1—2 3:5—39] ... . Fus, eas.
298 Pharmakosiderite... Tess. |25 2:9—3 |Sol. eas. Fus. Ar. mag,
299 Scorodite.......... Rhm. [3-5—4 [3:1—3:2/Sol. h. eas Fus. Ar. mag.
300 Symplesite ...... Mnel. 25 249253 SIS el Inf. Ar. mag.
301 Brochantite... .|Rhm. [3:5—4 [377-=3'9/Sol. eas. Fus. Cu.
302 Vivianite .. ......|Mncl. [2 2:6—2'7|Sol. h. n, eas. |Fus, mag.
303 Dufrénite......... Rhm. ? {3—3'5 (3:3—34/Sol. h. Fus, eas.




ARRANGEMENT OF MINERALS.

Crystal-| Hard- | Specific

NaME, lization.| ness. | gravity. Acids. Blowpipe.
304 Uranite ......... Tet. 1—2  [3—~32 |Sol. n. Fus.
305 Chalcolite ......|Tet. 225 [3:5—36/Sol. n. Fus.
306 Erythrine.........[Mncl. (25 2:9—3 [Sol. eas. Fus. Ar. Co.
307 Nickeline Trel. ? |2—25 [3—3:1 |Sol. eas. Fus. Ar, Ni,

II1. LEAD-SALTS. .
308 Cerussite ......... Rhm. [3—3'5 [6'4—66/Sol. n. ef. Der. Pb.
309 Anglesite........ Rhm. |3 62—6-3{Sol. dif. Der. fus. Pb.
310 Leadhillite ..{Mncl. {25 6—6'4 |Sol. n. ef. Intm. red. Pb.
311 Lanarkite......... Mncl.  |2—25 [6'8—7 |Sol. n. ef. imp,|Fus.
312 Caledonite ...Rhm, [2:5—~3 [6°4 Sol. n. Red. Pb.
313 Linarite ......... Mncl.  |25—=3 [58—=55| ... | ...
314 Phosgenite ...... Tet. 2:6—3 [6—6.2 |Sol. n. ef. Fus. red. Pb.
315 Mendipite ...... Rhm, (25—3 [7—7°1 [Sol. n.eas. [Fus.red.
316 Cotunnite...... .. Rhm, .. 1523 Sol. Fus. cl. fl.
317 Pyromorphite ...[lTex. 3:5—4 [6:9—7 |Sol. n. Fus. eas.
318 Mimetesite ...... Hex. [35—-q [7*2-=7'3/Sol n. Fus.
319 Bleinierite ...... Amor. |4 3:9—4-7|Sol. Red. Pb.
320 Vanadinite ...... Hex. (3 6'8—7-2/Sol. n. eas. Der. fus. red.
321 Wulfenite ...... Tet. 3 6:3—6°9/Sol. w. n.; h.s.{Der. fus. red.
322 Scheelitine ..:... Tet. 3 7:9—8°1Sol. n. Fus.
323 Plombgomme ...|Mass, [4—4'5 [6°3—64/Sol. n. Intm. fus. imp.
324 Crocoisite.. ......[Mncl. [2:5—3 |5:9—6°1Sol. w, h.; n. |Decr. fus, red.
325 Melanochroite...|Rhm. |[3—3'5 575 Sol. h. Fus.
32€ Vauquelinite ...|Mncl. |2:5—3 [5°6—5'8|Sol. n, imp. {Intm., fus.
327 Bismuthite ...... Mass., [4—4'5 |6°8—69Sol. h. Der. fus. ef.
328 Kerate............ Tess. [l—1"5 [5°5—5'6|Af. imp. + |Fus. red. Ag.
329 Calomel ...|Tet. 1—2  |6°4—6°5/Sol. ncl. Vol
330 Iodite ...... ..{Fol. 1—15 [55 Sol. con. n, h. |Fus. eas. red.
331 Coccinite ........| ... oo l|  ocovooo Fus. eas, sub.
332 Bromite Tees. [1--2  [58—6 |Af imp, !!
333 Romeéite .. .. ...|Tet. ... |Insol. Fus, slag.
334 Scheelite ..... ... Tet. 4—4'5 [5°9—62Sol. h. n. imp.|Fus, dif.
1V. ORDER.—OXIDIZED ORES.
I. Fam. Ox1ip1zen

IroN ORES.
335 Magnetite ... .. Tess, 5°5=—6°5/4'9—52|Sol. h. Fus, dif. !!!
336 Chromite......... Tess. |55 4+4—4-5|Af. dif. 11! Inf. mag.
337 Franklinite .. ...{Tess. [6=6'5 [5—~53 [Sol. h. Inf. incan.
338 Hematite .... . Rhdr. [5°5—65{51—53Sol. dif. Bkns. mag.
339 Irite......... ...|Fol. o |85 Insol. | ...
340 Limonite.........{Mass. |5—55 |3'4—4 [Sol. h.eas. |Fusdif.!! mag
341 Gétheite .........Rhm. [5—5'5 [3:8—4-4|Sol. h. Fus. dif.
342 Ilyenite ..........Rhdr. [5—6 [46—5 |Sol. dif. h. ncL|Inf,
343 lserine.. ..... ... Tess, |6—6'5 [4'7—4'9]Sol, dif. h, ncL|Inf.

IL TN OrE.
344 Cassiterite ... .. Tet.  |6—7 [63—7 |Insol Inf, (red. St.)




XX TABULAR VIEW OF THE
Crystal-{ Hard- | Specific
NanME. lization.{ ness. | gravity.|  Acids. Blowpipe.
345 Wolfram ..........Mncl. [5—55 [7"1—7*5/Sol. w. h. Fus. mag.
346 Columbite ......Rhm, (6 5'4—6°4|InsolL. Infus.
347 Tantalite ..........Rhm, |6=6'5 718 |Af. dif. !!! Inf.
348 Yttrotantalite .. | ? 5—55 |5°4—58{Insol. Inf. brown.
349 Euxenite ......... Rhm. |65 46 Insol. Inf.
350 Fergusonite ......|Tet. 55—6 15859 ... Inf.
351 Sphene............ Mnecl. [5—55 [3'4—36Sol. s.; h. imp.|Int. fus. dif. 1
352 Brookite .........,Rhm. |55—6 {4'1—4-2(Insol. Inf.
353 Rutile .... ..|Tet. 6—6'5 |4'2—-4-3|Insol. Inf,
354 Anatase ......... Tet. 5:6—6 1384 |Sol. w. con. s. [Inf.
354a Pechurane ...... Amor. |55 6:4—8 |Sol. w. n. ncl. [Inf,
355 Plattnerite --....jHex. e 19396  ...... oty
ITI. Man-
GANESE ORES.
356 Pyrolusite ...... Rhm, |2—26 |47—5 [Sol. h. Infus.
357 Polianite ..... ...,Rhm. [656—7 14:8—49/Sol. h. Infus,
358 Manganite ...... Rhm. [35—4 4'3—4'4“801. w. h. Infus,
359 Hausmannite ...[Tet. 55 4'7—4'81501. h. Inf.
360 Braunite ......... Tet. 6—65 |4:8—4°9!Sol. h. Inf.
361 Psilomelane...... Amor, [5°5—6 4'1——4'2}801. s. red. Inf,
362 Crednerite ...... Mncl, . |4°56—5 [4:8—5-1Sol. ncl. green.|Inf. exf,
363 Cupreous manganese Amor, (36 31—=32 N Fus, Cu,
364 Earthy cobalt ...,Amor, |l—I1% [2:1—22  ...... Inf.
365 Wad....oun. . ... Mass, |3 2:3—37,Sol. h. Inf.
Ochres.
366 Cobalt Ochre ...;Amor. [l=2 (227 Fus.
367 Molybdena O....|Amor. oo {Sol. h. Fus.
368 Bismuth Q. ...... Amor, vee  |4°3—4-7/Sol. h. Red.
369 Antimony O. ...[Amor. [Soft 37—38 ... Not red.
370 Tungsten O.. ...[Earthy. {Soft . |Sol. am. Bkns,
371 Uranium O . |Soft <o {Sol. eas. Inf. green.
372 Minium .... 2—3 |46 Sol. n. Fus. red. Pb
373 Lead Ochre Bl L (Vo b S Fus. red.
374 Chrome O. ...... Mass, ... |Sol potash. |Inf.
375 Tellurite ......... MMass. SRR R EEE e '
IV. Rep CopPPER|
OREs.
376 Cupritc ........./Tess. [35~4 |57—6 [Sol. h. n. Fus. Cu.
377 Chalcotrichite ...[Rhdr, Sadii]5%8 Sol. h. n. Fus. Cu
378 Tenorite .........\Hex, 5 ARt | T RS
379 Zincite.....cueueee Hex, [4=—4'5 [5'4—5°5/Sol. ac. Inf. phos.
V. WHaITE ANTI-
MONY ORES.
380 Valentinite ......|Rhm. [2:6—3 [5'5—56|Sol. h. eas. Fus. eas, !!
381 Arsenite .i......./Tess. |15=3 13:637|Sol. wir. dif. [Vol.




ARRANGEMENT OF MINERALS. XX1
III. ORDER.—NATIVE METALS.
ONLY oNE FaMiLy.
Crystal-| Hard- | Specific . q
NaME. lizgtion. ness. grlz;,vity. Acids. Blowpipe.
382 Platina............ Tess. |4—5 |17—19  |Sol. ncL Fus, dif, !!!
383 Palladium Tess.  [4:56—5 {11:8—12:2/Sol. n. Inf.
384 Osmiumiridium |Hex. |7 19:3—21+2|Insol. Inf.
385 Tridium ......... Tess. |6—7 |22—23  |Insol Inf.
386 Gold....... ..[Tess.  [2:5—~3 [17—194 [Sol. ncl. Fus. dif.
387 Silver Tess. [2:5—3 {10—11°1 [Sol n. eas. |Fus. eas.
388 Antimony-silver [Rhm, |3-5 9'4—98 (Sol.n. Fus. fms.
389 Mercury ...... woo|Tess,  [fluid 13:5—13:6Sol. con. n. {Vol.
390 Amalgam......... Tess. [3—35 |13*7—14 [Sol. n. eas. |Vol. Hg. Ag.
391 Antimony ......[Rhdr. |3—3'5 |6:6—6'8 [Sol. ncL ef. [Fus. fms.
392 Arsenic-Antimony (Rhdr. |35 61—6-2 Fms.
393 Arsenic ......... Rhdr. |35 57—58  |Sol. n. ncl.!HFus. eas.
394 Tellurium ...Hex. |2—25 |6°1—6'3 |Sol. n. Fus, eas.
395 Lead........ ......|Tess, 1:5 11-3—11-4Sol. n. Fus. eas.
396 Tin (2) corerenrns| ... UL ) B P
397 Bismuth .........|Tess. |25 9-6—9:8 |Sol. n. Fus, eas.
398 Copper. .../Tess. [2:5—3 [8:5—89 |[Sol n, Fus, eas.
399 Iron.... wo...{Tess, 45 7—7-8 Sol, h. Inf,
VI. ORDER.—~SULPHURETTED METALS.
I. Fam, PyRiTEs,
400 Pyrite ............ Tess. {6—6'5 |4:9—51 |Sol n. Fms. fus.
401 Marcasite......... Rhm. |6—65 [46—4'9 |Sol. n. Fms. fus.
402 Pyrrhotine ......[Hex. {3:5—4-5/4-4—4:7 |[Sol h. Fus. mag.
403 Leucopyrite.......Rhm. [5—55 [7'1—7'4 [Sol n. Fus. mag.
404 Mispickel......... Rhm. |55—6 [6—6-2 Sol. n. Fus. mag.
405 Cobaltine.........[Tess. 155 6—6-1 Sol. w. n. |Fus,
406 Smaltine ......... Tess. |55 6:4—73 |[Sol. n. Fus. eas,
407 Modumite ......[Tess. |6 67—69 |[Sol. n. Fus, eas. sub.
408 Linnéite ......... Tess. |55 14:9—5 Sol. w. n.  |{Fus. mag.
409 Griinauite ../Tess |45 5:1—52  Sol. n. Fus. mag.
410 Gersdorffite ......|Tess.  [5'5 6—6°6 Sol. n. imp. {Fus. fms. !
411 Ullmannite ...... Tess. |5—55 |62—6°5 |Sol. con. n. (Fus, fms, !!
412 Breithauptite ...[Hex. |5 7:5—7°6  |Sol. ncl. eas.[Fms, fus. dif.
413 Plakodine ...... Rhm. [5—5'5 |7°9—81 |[Sol. n. Fus. eas. fms;
414 Nickeline......... Hex. |55 7-5—7°7 {Sol. con. n. [Fus. fms. !!
415 Rammelsbergite [Tess. |55 6:4—6-6 |Sol. con. n. |Fus. eas.
Chloanthite ...... Rhm, }5°5 7—72 Sol. con. n. |Fus. eas.
416 Millerite .........\Rhdr. |35 52—5'3  Sol. ncl. Fus. eas.
417 Eisennickelkies |Tess, |35—4 |46 | .. ... Fus. mag,
418 Chalcopyrite ...|Tet. 35—4 |41—43 Sol ncl. Fus, eas,
419 Bornite............ Tess. {3 4:9—51  (Sol. con. h. |Fus, eas.
420 Domeykite ... .. Mass, [3—3°5 Insol. h,  |Fus, eas,
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TABULAR VIEW OF THR

NAME.

Crystal-| Hard- | Specific o
lization.| ness. | Gravity, Acids.

Blowpipe.

42] Arseniate of
manganese
II. Leap
GLANCE.
422 Galena.........
423 Cuproplumbite...
424 Clausthalite ...
425 Selencopperlead
426 Onofrite ......
427 Naumannite
428 Argentite......
429 Stromeyerite
430 Redruthite ...
431 Kupferindig...
432 Eukairite ......
433 Berzeline ......
434 Nagyagite ...
435 Altaite ...
436 Hessite.........
437 Tetradymite
438 Molybdenite
III. GREY AN-
TiMONY ORES.
439 Stibine.........
440 Jamesonite ...
441 Zinckenite ...
442 Plagionite ...
443 Boulangerite
444 Geokronite ..
445 Steinmannite
446 Plumosite
447 Dufrénoysite
448 Wolfsbergite
449 Kermes .....
450 Berthierite ...
451 Biswnuthine ...
452 Aciculite ......
453 Kobellite ......
454 Sylvanite......
IV. Grey Cor-
PER ORE.
455 Fahlore ......
456 Tennantite ...
457 Bournonite
458 Wglchite ......
459 Freieslebenite
460 Stephanite ...
461 Polybasite ...
462 Sternbergite...

Mass. o 157ab) Sol. nel.

Tess. |25 7°4—7'6 [Sol. n.
Tess. 2-5 6:4—6°5
Tess. 2:5—38:2.-88 [Sol. n.

Mass. |2:5 7—7'5 |Sol. n.
Masgs. [2.5 73 Insol. n.
|Mass. (25 8 Sol. con. n. eas.

Tess. |2—=2'5[7—=7'4 |Sol. con. n. S.
Rhm. (2°5-3 |6:2—63 [Sol. n. S.
Rhm. [2:5—3|5'5——5'8 [Sol. w. n. S.
Hex. |1'5—2|3:8—39 '(Sol. n.
Cryst.  [Soft. Sol. n.

Cryst.  [Soft. oo o TREO L
Tet. 1—~1:5{6:8—T72 |Sol. n. Au.
Tess. |3—35(8:1—~82 |Sol. n. eas.
Mass. [2°5—3 |8-3—8'9 [Sol. w. n.
Rhdr. [1—2 [7:4—85 [Sol n.

Hex. 1—15146—49 [Sol. w. & ncl

Rhm. |2 46—4-7 [Sol. w. h, ; n,
Rhm. |2—=25 [5°5—5'7 |Sol. w. h.
Hex. 3—35 |5°3—=5'35/Sol. w. h.

Mncl. 25 54 Sol. w. h.
Mass, 13 58—6 [Sol. n. imp.

.|Rhm. [2—3 [64—6°5 [Sol. h.

Tess. 2:5 6:8—69 | ...

.|Acie. [ 1=3 [577—59 [Sol. w. h.

Tess. weer, 16265 Sol. w. n.
Rhm. |35 4576 " bl
Mncl. ? |[l—1'5]4:5—~4'6 [Sol. h.
Mass. [2—3 [4—4'3 |Sol. h. ncl.
Rhm. [2—2'5 [6°'4—=6'6 |Sol. n.
Rhm. (25 . 16:7—6'8 [Sol. n.
Mass. [Soft. 63 Sol. con. h.
Rhm. [1'5—28—3'3 |Sol. ncl.

Tess, |3=—4 |4:3-—52 Sol.n.
Tess. |4 4:3—4°5 [Sol. n. green.

...Rhm. [2:5=3 [577—5"9 [Sol. n. blue.

Rhm. 3 57—=58 ¢ ...
Rhm. (2—-25|6—64 | ...
Rhm. [2-—25|6:2—6'3 Sol. w. n.
Hex. [2—2°5[6—625 [Sol n.
Rhm. [1—1'5 |4-2—43 [Sol. ncl

Fms. burns.

Der. fus. red.
Fus. eas.
Fms. Se. vol.
Fms. fus.
Vol.

Fus.

Fus. int. red,
Fus. eas.
Fus. sput.
Burns. fus.
Fus. fms.
Fus. Se.

Fus. fms. Au.
Fus. vol.
Fms. Ag.
Fus. eas.

Inf. brns.

Fus. eas.

Der. fus. vol.
Der. !! fus. vol.
Der.!! fus. red.
Fus. eas. fms.
Fus. eas. vol.
Der. ! fus. eas.
Fus. eas.!
Fus. eas.

Der. fus. fms.

Fus. red.
Fus. red. Au.

Fus. mag.
Der. fus. mag.
Der. fus.

Fus, ef.

Fms. red. Ar.
Fus. red. Ar.
Der. fus, eas.

Fus. mag. Ar.
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xxiif

Crystal-| Hard- | Specific ' X
Nawme, lizgtion. ness. ggtvit y. | Acids. Blowpipe.
463 Stannine ........[Tess. (4 4:3—4'5 [Sol. n. blue.|Fus. dif.
AE.Crretuy B“‘} Rhm. [35 |5 Sol.n.S. |Fus, eas, frth.
465 Bismuthic Silver |[Acic.  [Soft. Sol. n. Fus, eas.
V. BLENDEs,
466 Blende......... .. Tess. [|35—4 |3'9—42 |SolL con. n. [Der.! fus,dif.!!
467 Woltzine .........[Mass, (45 366 Sol. h. Der. fus. dif. !
468 Alabandine .. ...[Tess, [3:5—4 [3°9—4 Sol. h. Fus. dif. 1!
469 Hauerite ........ Tess., |4 346 Sol. h. | ...
470 Greenockite...... Hex. [3—35 [48—49 |[Sol. h. Der.
VI. Rury
BLENDES.
471 Pyrargyrite ...... Rhdr. [2—25 {556—58 |Sol. n. Fus. eas. fms.
472 Miargyrite .. ... Mnel. [2—2'5 [5°3—5'4 [Sol. n. Fus. red. Ar.
473 Xanthokon ...... Rhdr. [2—25 |5—5°2 Sol. n. Fus. fms. Ar.
474 Cinnabar .. ..... Rhdr. [2—2'5 {8—8-2 Sol. nel. Subl,
475 Realgar ...Mncl. [U5—~2 |3:4—36 |Af dif Fus. brns.
476 Orpiment...... .. Rhm. (l'5—~2 }3'4—3'5 [Sol. nclL Subl. brns,

VII. ORDER.—THE INFLAMMABLES.

1. FaM, SULPHUR.!
477 Sulphur ......... Rhm.

478 Selen-sulphur ...

II. DiamoND,
479 Diamond .........

III. CoaLs.
480 Graphite .........
481 Anthracite .. ...
482 Common Coal ...
483 Brown Coal......

1V. MINERAL
RESINS.

485 Bitumen .........
486 Elaterite .........
487 Asphaltum
488 Piauzite .. ......
489 Ixolyte ..... o
490 Amber ...... 0
491 Retinite .........
492 Walchowite ... ..
493 Copaline ........
494 Berengelite ......
495 Guyagquillite......
496 Hartine .....,...

1:5—25

10

0°5—1
2—2'5
2—25

1'9—2-1

0-7—0-9
0-8—1-23
1'1—1-2
1-22
1008
1—11
1—115

1-046

1092
1115

1:03—1-07
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Hard- |

Specific

Crystal-| . 3
NaxE. lizgjtion. ness. | Gravity, | Acids. Blowpipe.
497 Middletonite ...[Amor. a6
498 Ozokerite......... Amor, . ]0°94—0-97|
499 Hatchetine .|Amor. . |06
500 Fichtelite........ Cryst. "3
501 Hartite........... [Mass. |1 1:046
502 Konlite .........|Mass. 088
503 Scheererite ......|Mncl. veo {112
504 Idrialite ......... Mass., [1—1'5114—16
V. INFLAMMABLE
SaLTs.
505 Mellite............|Tet. 225 [1°4—1-8 {Sol. n. 'White, Al
506 Oxalate .........]JAcic. [2 2:1—2:3  [Sol. eas. Red ash.




MANUAL OF MINERALOGY.

INTRODUCTION.

TaE proper object of Natural History is the investigation and sys-
tematic description of the numerous individual objects that compose
the material world, so far as these can be known from observation or
experiment. For this purpose it endeavours to classify or combine
the immense variety of natural productions into groups of more or
less extent, and distinguished by certain definite characteristics. The
first great natural division that appears in this process of classifica-
tion is into organic and inorganic bodies. The former are distinguish-
ed by possessing organs, that is, instruments for the performance of
certain functions, and consequently a compound frame, the various
parts of which are not uniform, but different in structure, in chemical
composition, and mode of aggregation. The inorganic products of
nature, on the contrary, present no distinction of parts, no organs
with definite functions ; but each individual, so far as it is mechani-
cally separable, consists of parts uniform in composition and state of
aggregation. The former class also exhibit a union of solid and fluid
substances, are endowed with internal powers of motion, are fitted to
pass through a particular series of changes, are destined to endure
only for definite periods, and preserve the species by a succession of
similar individuals. The latter are either homogeneous in every part,
or mere aggregates of bodies that are so ; they have no internal prin-
ciple of motion, no definite period of existence, no regular series of
changes, and no peculiar arrangement for continuing the species, when
the individual perishes. In external form these two departments of
nature also widely differ ; orgauic bodies being bounded by curved
lines and rounded surfaces,—the inorganic generally by straight lines

A



2 DIVISIONS OF NATUERAL HISTOLY.

and planes; often, however, very irregularly disposed. Organic beings,
too, usnally consist of more complex and apparently less definite che-
mical compounds, than the inorganie, but these intimately united and
rendered distinctly one by the principle of life. Hence each individual
exists more isolated and independent, and has its form and magnitude
more preeisely determined by the primary idea of the species than ap-
pears to be the case in the inorganic world.

Each of these departments of nature must be again divided. The
organic world forms the two great divisions of the vegetable and
animal kingdoms, the subjects of the sciences of Botany and Zoology.
The divisions of inorganic bodies are less definite and precise, and the
sciences treating of them are more often confounded. Natural history
can take notice of them only as individual objects, resigning the de-
seription of them as mere substances to chemistry, and the account of
many of their other properties and phenomena to general physics.
In this respect the science of inorganic nature only follows the same
eourse with botany and zeology. Like these it borrows from che-
mistry and physics such facts as are necessary to characterize the ob-
jeets of its consideration, or to:elucidate their true nature as indivi-
duals; but it at the same time claims for itself an independent domain,
and cannot justly, any more than zoology or botany, be merged into a
mere section of chemical science. . The confusion of these two sciences
must prove injurious to both,leading chemistry away from its true
object on'the one hand, and, on the other, causing the neglect of many
important branches of the natural history of the inorganic world. ~ The
latter-has now grown up into several independent, though elosely-con-
nected sciences. ' Of these Mineralogy isproperly the science of simple
minerals, that is, of those matural products which possess a certain
definite form and composition. Geognosy again considers these mi-
nerals, as, united in large masses, they form these rocks of which the
crust of the globe is built up, and gives an account of their relative po-
sition, age, and probable mode of origin. ' The ocean and atmosphere
would be included in this division of natural history, were not their
phenomena so varied and important, as to require that they should be
rather regarded. as independent: departments of natural history. A
still'wider field is'opened for Geology, which, viewing the earth as
a whole, and  searching out. the laws that regulate the succession of
phenomenaon its‘surface, endeavours frem the.consideration of the
present to:unravel the history of the past, to form some probable eon-
jectures in reference to'that of the future. Properly speaking, there-
fore, geology is not a mere branch of the natural history of the inor-
ganic or mineral kingdom ; but is the highest result of the study of
nature as a whole,~the systematic eombination of the most general
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laws to which the mineral, the vegetable, and animal kingdoms are
or have been subject, and a combined view of the various revolutions
which, in obedience to these, or still higher laws, the material system
of nature may have undergone.

Mineralogy being thus limited to the.natural history of simple mi-
nerals, it becomes necessary to define what is to be understood by this
term. In the strictest sense, a mineral species is a natural inorganic
body, possessing a definite chemical composition, and assuming a re-
gular determinate form or series of forms. This definition will exclude
many bodies often included in the mineral kingdom. Thus, all the
artificial salts of the chemists, all the inorganic secretions of plants
and animals, all the remains of former living beings now imbedded in
rocks, are excluded from the consideration of the mineralogist. Some
substances, originally organic products, have indeed by common con-
sent found a place in mineral systems, as coal, amber, and mineral
resins ; but this is a departure from the strictness of the definition, and
in most cases had perhaps better have been avoided. So.also some
amorphous substances, with no precise form or chemical composition,
as some kinds of clay, have been introduced into works on mineralogy,
but we believe often improperly, and with no beneficial result. Ag-
gregates of simple minerals or rocks are likewise excluded from this
science, though the various associations of minerals, their modes of
oceurrence, and their geological position, are important points in the
history of the different species. There are, however, certain limita-
tions with which the above definition must be understood, which will
be subsequently pointed out.

One most important object of a treatise on mineralogy should be to
give such descriptions of minerals, their essential properties and dis-
tinctive characters, as will enable the student to distinguish the vari-
ous species, and to recognise them when they occur in nature. But to
accomplish this he must first become acquainted with the Terminology
or nomenclature of the science, that is, with the meaning of the terms
used in describing these properties, and the various modifications they
may undergo. With this is necessarily conjoined an account of these
properties themselves, and of the more general laws by which their
various changes are regulated. A second and closely-related portion
of mineralogy is the System or Classification, giving an account of the
order in which the species are arranged, and the reasons for which it
has beenw adopted. The third and most important part of mineralogy,
to which these two are properly preparatory, is the Physiography of
the various species, giving an account of their characteristic marks,
and a description of their appearance, or external aspect and forms ;
their principal physical and chemical properties ; their mode of occur-
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Tence, with their geological and geographical distribution; and their
wvarious uses, whether in nature or in the arts. Each of these depart-
ments will be considered in the following Manual in the order just
mentioned, and with such fulness as their relative importance and the
limits of the work will permit.

PART I..TERMINOLOGY.

CHAP. I.—FORM OF MINERALS.

By the physical properties of a mineral as opposed to the chemicals
is to be understood, all those properties belonging to it as a body ex-
isting in space, and consisting of matter aggregated in a peculiar way.
To this division of the subject, therefore, belongs the consideration of
its form as shown in crystallization ; its structure as determining its
mode of cleavage and fracture ; its hardness and tenacity ; its weight
or specific gravity ; and its various optical, electrical, magnetic, and
other similar properties.

Crystalline and Amorphous—Mineral substances occur in two dis-
tinct modes of aggregation. Some consist of parts evidently arranged
according to a definite law, whilst in the formation of others no such
law appears to have been in operation. Their minute particles are
simply eollected together, and exhibit no regularity of structure or
constancy of external form, and are, therefore, named amorphous. All
fluid minerals are of course in this condition, together with some solid
bodies, which appear to have condensed either from a gelatinous con-
dition like opal, when they are named porodine, or from a state of
igneous fluidity like obsidian and glass, when they are named Ayaline.
It may be doubted, however, how far any mineral body is truly amor-
phous, as the optical properties of many that are apparently so seem
to depend on some peculiar and determinate structure, though too
minute to be distinguished. The other class of bodies are named cry
stalline, when the regularity of structure appears only in the internal
disposition of the parts ; and crystallized, when it also produces a de-
terminate external form, or a crystal. A familiar example of crystal-
line structure is seen in a piece of loaf sugar, the ‘broken surface of
which presents innumerable minute polished planes, from which the
light is reflected.

Faces, edges, angles, axes of Crystals.—The word crystal in mine-
ralogy designates a solid body exhibiting an original (not artificial)
more or less regular polyhedric form. It is thus bounded by plane

2
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surfaces, named faces, which intersect in straight lines or edges, and
these again meet in points and form angles, which, when bounded by
three or more faces, are named solid angles. The space occupied by a
crystal, and bounded by its faces, is often named a form of crystalliza-
tion, which is thus merely the mathematical figure regarded as inde-
pendent of the matter that fills it. Some crystals are bounded by
equal and similar faces, and are named simple forms; whilst those in
which the faces are not equal and similar are named compound forms,
or combinations, being regarded as produced by the union or combina-
tion of the faces of two or more simple forms. The cube or hexahe-
dron (fig. 1), bounded by six equal and similar squares ; the octahe-
dron (fig. 2), by eight equilateral triangles ; and the rhombohedron,
by six rhombs,—are thus simple forms. The axis of a crystal is a line
passing through its centre and terminating either in the middle of two
faces, or of two edges, or in two angles; and axes terminating in si-
milar parts of a erystal are named similar axes. In describing a cry-
stal one of its axes is supposed to be vertical or upright, and is then
named the principal axis. A few other technical terms used in de-
seribing crystals, or the modifications they undergo, Avill be better
explained as they occur. Those terms which are found in every ele-
mentary treatise on geometry, as line, angle, circle, need not be de-
fined here, as we may suppose that our readers possess so much of the
rudiments of that science as is required for this purpose. The higher
branches of crystallography, indeed, require considerable acquaintance
with mathematics and practical skill in calculation ; but to understand
the following treatise, a very moderate knowledge of the elementary
principles of geometry will suffice.*

Systems of Crystallization.—The forms of crystals that occur in
nature seem almost innumerable; and unless some general laws by
which they are regulated had been discovered, the attempt to name
and describe them might have been deemed hopeless. On examining
them, however, more attentively, it is soon discovered that the vari-
ous faces, even in the more complex crystals, are disposed in a sym-
metrical manner. When the axes of the crystals are properly chosen,
and placed in a right position, the various faces are observed to group
themselves in a regular and beautiful manner around these axes, and
to be all so related to them as to compose a connected series produced

® The beginner will find much advantage in procuring models of the forms of simple cry-
stals described in the following pages, or still better by preparing them for himself from
some soft material, as clay, chalk, or wood. Very instructive models may also be made of
pasteboard, the faces of the crystals being cut out of the proper form and glued together;
or they may be made of glass, and one incloscd in another, so as to represent the connection
of the different forms, and the manner in which they are derived from each other. Such

models give far clearer notions of solid bodies than engravings on a flat surface, in which
their three dimensions can be but imperfectly represeuted.
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according to definite laws. It appears that in every mineral species
there is a certain form of crystal, with axes intersecting at fixed angles,
and bearing to each other definite proportions, from which, as a pri-
mary, every other form of crystal observed in that mineral species
may be deduced, simply by varying the proportions of these axes. It
is found that in each species the axes intersect each other at angles
which are constant, and that the angles formed by the intersection of
the faces are also related to each other according to certain definite
laws. When viewed in this manner, and referred to their simplest
forms, it is seen that the innumerable variety of crystals occurring in
nature may all be reduced to six distinet groups, or, as they are named,
systems of crystallization.* To these various names have been as-
signed by different authors, but the following are those of most im-
portance, placed in parallel columns.
Systems of crystallization according to

Naumann. Moks. Weiss and G. Rose.
1. Tesseral System. Tessular. Regular.
2. Tetragonal System. Pyramidal. 2 and 1 axial.
3. Hexagonal System. | Rhombohedral. | 8 and 1 axial.
4. Rhombic System. Orthotype. 1 and 1 axial.

5. Monoclinohedric System. | Hemiorthotype. | 2 and 1 membered.
6. Triclinohedric System. Anorthotype. 1 and 1 membered.

Some authors conjoin the last three systems in one ; the rhombic of
Breithaupt, the trimetric of Hausmann ; but as they must again dis-
tinguish them in detail, it is better to divide them at first. In thefol-
lowing treatise the terminology of Naumann is adopted, his method of
classifying and describing crystals appearing the simplest, and best
adapted to promote the progress of the student.

The first, or Tesseral System, is characterised by three equal axes
intersccting each other at right angles. Its forms thus present a
greater degree of regnlarity and equality than any of the other systems,
and hence Weiss has named it the regular, and Hausmann the isome-
tric system, whilst the name here used is taken from tessera, a cube,
which is one of its most frequent varieties. Properly speaking, this
system has no chief axis, as any one of them may be so named, and
placed upright in drawing and describing the crystals. Of these there
are thirteen varieties, which are thus classed and named from the
number of their faces :—

1. One Tetrahedron, or form with four faces.
2. One Hexahedron, with six faces. ~
3. One Octahedron, with eight faces.

* There is a seventh system possible, and actually met with in one variety of an artificial
salt, but as it does not oceur in any mineral, we need not delay to consider it further. Nau-
mann, in conformity to his method, names it the diclinohedric.
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4, Four Dodecahedrons, with twelve faces.
5. Five Icositetrahedrons, with twenty-four faces.
6. One Tetracontaoctahedron, with forty-eight faces.

The dodecahedrons are again distinguished .according to the form
of theirfaces into rhombic, trigonal, deltoid, and pentagonal dodecahe-
drons. 'One variety of icositetrahedron is named a tetrakishexahedron
(. e. four times six faces), being bounded by twenty-four isosceles
triangles, arranged in six groups of foureach. Another variety, also
bounded by isosceles triangles, but airanged in three groups. of eight,
is named the triakisoctahedron (7. e. 8 x8 faces). A third variety is
the hexakistetrahedron (6x4 faces), bounded by scalene triangles,
in four groups of six each. The fourth is the diakisdodecahedron
(2 x 12 faces), bounded by equilateral trapeziums ; whilst the fifth and
most common variety, bounded by deltoid faces, not arranged into
groups, retains the original name. Some of the crystals with forty-
eight faces have these arranged in eight groups of six, and for such
forms the term hexakisoctahedron (6x8 faces) seems preferable.
Many mineralogists have named these forms from some particular’
mineral species in which they occur (thus the rhombic dodecahedron
is the granatoid of Haidinger, the granatohedron of Weiss); but the
above names are both more expressive and more easily remembered.

Before giving a particular description of these forms, we must remark
that crystals are characterised not only by the number, but in a still
higher degree by the relative position of their faces. When attentively
compared in this respect, it will be observed that the faces of the te-
trahedron exactly correspond in relative position to the alternate faces
of the octahedron, so that if these latter faces were supposed to increase
symmetrically so as to obliterate the others, the octahedron would be
changed into a tetrahedron, or form with one-half the number of faces.
This is also true of many other forms, the alternate faces of which
increasing symmetrically obliterate the others, and thus produce new
forms with only half the number of faces. Hence the distinction of
crystals into holohedric or plenotesseral forms, in which the whole or
full number of faces are developed; and hemihedric or semitesseral
forms, in which only half the number of faces appear. The latter are
again distinguished into two classes, the one with faces parallel to each
other, two and two; the second with faces not parallel or inclined to
each other. These must not be regarded as mere arbitrary distinctions
of small importance, for they express laws which nature seems to ob-
serve in the formation of mineral bodies. In combinations of various
forms, those with inclined and those with parallel faces are never found
in union. It is even affirmed with much probability that no mineral
species ever crystallizes in two of these classes of forms, and that the
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apparent exceptions arise from certain forms, as the cube and octahe-
dron, being both holohedric and hemihedric. A similar distinction of
hemihedric and holohedric obtainsin the other systems of crystalliza-
tion, and in these also the several classes are no less strictly disjoined.
The following is a deseription, with figures, of the different forms
above-mentioned, beginning with
The Holokedric forms.
+ 1. The hexahedron or cube (fig. 1) is bounded by six equal squares,
has twelve edges, formed by fades meeting at 90°, and eight trigonal
angles. The principal axes join the centre points of any two opposite
faces.—Examples are fluor spar, lead-glance, boracite.

Fig. 1. ' Fig. 2.

2. The octahedron, (fig. 2), bounded by eight equilateral triangles,
has twelve equal edges, with planes meeting at 109° 28, and six
tetragonal angles. The principal axes join the opposite angles, two
and two.—Ex. alum, spinel, magnetic iron ore.

3. The rhombic-dodecahedron (fig. 8) is bounded by twelve equal
Fig. 8. . Fig. 4.

and similar rhombs, (diagonals as t and /2), has twenty-four equal
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edges of 120° and six tetragonal and eight trigonal amgles. The
principal axes join two opposite tetragonal angles.—Ex. garnet, red
copper ore, boracite.

4. The tetrakishexahedrons (fig. 4) are bounded by twenty-four
isosceles triangles. They have twelve longer edges which correspond
to those of the primitive or inscribed cube, and twenty-four shorter:
edges placed over each of its faces. The angles are eight hexagonal
and six tetragonal, the latter joined two and two, by the three principal
axes. This form varies in general aspect, approaching on the one
hand to the cube, on the other to the rhombic-dodecahedron, accord-
ing as the vertical angles of the bounding triangles become more or
less obtuse, or, in other words, approach or recede from the face of the
inscribed cube.—Ex. fluor spar, gold.

5. The triakisoctahedrons (fig. 5) are bounded by twenty-four is-
osceles triangles, and like the previous form vary in general aspect
from the octahedron on one side, to the rhombic-dodecahedron on the
other. The edges are twelve longer, corresponding with those of the
inscribed octahedron, and twenty-four shorter, three and three over
each of the faces. The angles are eight trigonal and six ditetragonal,
(formed by eight faces) ; the latter angles joined two and two by the,
principal axes.—Ex. galena, diamond,

Fig. 5.

6. The icositetrahedrons (fig. 6) are bounded by twenty-four del-
toids or figures with four sides, of which two and two adjacent ones
are equal. This form varies in the limits from the octahedron to the
cube, sometimes approaching the former, sometimes the latter in ge-
neral aspect. The edges are twenty-four longer, and twenty-four
shorter. The angles are six tetragonal joined by the principal axes,
eight trigonal, and twelve rhombic, or tetragonal with unequal angles.

7. The hexakisoctahedrons (fig. 7), bounded by forty-eight scalene
triangles, vary much in general aspect, approaching more or less to all
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the preceding forms; but most frequently they have the faces arranged
either in six groups of eight, or eight of six, or twelve of four faces.
There are twenty-four long edges, often corresponding to those of the

Fig. 7. rhombic-dodecahedron ; twenty-four
intermediate edges lying in pairs over
each edge of the inseribed octahedron ;
and twenty-four short edges in pairs
over the edges of the inseribed cube.
There are six ditetragonal angles join-
ed by the principal axes, eight hexa-
gonal and twelve rhombic angles. —
Ex. flgor spar, garnet, diamond.

The seven forms of crystals now de-
scribed are related.to each other in the
most intimate and interesting manner.
Even on a cursory view it is evident
that they all have a general similarity, so that one as it were passes
into or separates from the others almost by insensible gradations.
This will appear more distinetly from the following account of the
derivation of the forms, with which is conjoined an explanation of
the crystallographic signs or symbols by which they are designated
in the system of Naumann. We have adopted these symbols through-
out the work, in the belief that they not only mark the forms in a
greatly-abbreviated manner, enabling us to dispense with many long
and cumbrous words, but also exhibit the relations of the forms and
combinations in a way which words could hardly accomplish, and
thus impart much valuable information which could not otherwise be
obtained.

By the derivation of forms is understood that process by which, from
one form chosen for the purpose, and considered as the ¢ype, the funda-
mental or primary form, all the other forms of that system may be pro-
duced, according to certain fixed principles or general laws. In order
to understand this process or method of derivation, the student should
keep in mind that the position in space of any plane is fixed when the
positions of any three points in it, not all in one straight line, are known.
To determine the position, therefore, of the face of a crystal, it is only
necessary to know the distance of three points in it from the centre of
the erystal, or the points in which the face or its supposed extension
would intersect the three axes of the crystal. The portion of the axes
between the face of the crystal and the centre are named the parame-
ters of the face, and the position of the latter is considered as sufii-
ciently known when the relative length or proportion of these para-
meters is known, though it may not be expressed in lines, inches, or
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other measure. It should also be remembered that when the position
of one face is thus fixed or described, all the other faces are in like
manner fixed, since they are all equal and similar, and all intersect the
axes in a uniform manner. The expression, therefore, which marks
or describes one face of a simple form of a crystal, marks and describes
the whole figure.

Some authors have assumed the cube, or hexahedron, as the funda-
mental or primary form of the tesseral system from which the others
may be derived, but the octahedron possesses so many advantages for
this purpose, that it is generally adopted, and is taken as the primary
or fundamental form, and distinguished by the first letter of the name,
O. Its faces cut the half axes at equal distances from the centre ; so
that these semiaxes, or the parameters of the faces, have to each other
the proportion1:1:1. In order to derive the other forms from the
octahedron, the following construction is employed. The numbers
refer to the descriptions above.

Suppose a plane so placed in each angle of the octahedron as to be
vertical to the axis passing through that angle, and consequently to
be parallel to the two other axes, (or to cut them at an infinite dis-
tance = o) ; then the hexahedron or cube (1) is produced, designated
by the crystallographic sigh «O o ; expressing the proportion of the
parameters of its faces, or o : o0 : 1. Figure 8, a combination of the

Fig. 8. Fig. 9.
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two forms, shows this process partly begun, whilst in figure 9 the se-
condary planes of the cube have almost obliterated the primary ones
of the octahedron. If a plane is supposed placed in each edge parallel
to one axis, and cutting the two other axes at equal distances, the
resulting figure is the rhombic-dodecahedron (38), designated by the
sign 0, the proportion of the parameters of its faces being oo :1:1.
The triakisoctahedron (5) arises when on each edge of the octahedron
planes are placed, cutting the axis not belonging to that edge at a
distance from the centre m, which is a rational number greater than 1.
The proportion of its parameters is, therefore, m : 1 : 1, and its sign
mQ ; the most common varieties being 30, 20, and 30. When, on
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the other hand, from a similar distance m in each two semiaxes pro-'
longed, a plane is drawn to the other semiaxis, or to each angle, an
ikositetrahedron (6) is formed; the parameters of its faces have
consequently the proportion 7 :1: m, and its sign is mOm ; the most
common varieties being 202 and 303, the former very frequent in
leucite, analcime, and garnet. When again planes are drawn from
each angle, or the end of one semiaxis of the octahedron, parallel to a
second axis, and cutting the third at a distance n, greater than 1, then
the tetrakishexahedron (4) is formed, the parameter of its faces
@ :1:2; its sign 0Oz ; and the most common varieties in nature
®0%, 02, and «©03. Finally, if in each semiaxis of the octahe-
dron two distances, m and =, be taken, each greater than 1, and m
also greater than n, and planes be drawn from each angle to these
points, so that the two planes lying over each edge cut the second se-
miaxis belonging to that edge, at the smaller distance », and the third
axis at the greater distance m, then the hexakisoctahedron (7) is pro-
duced, the parameters of which are as m : n: 1, its sign mOn, and the
most common varieties 30%, 402, and 503.
Fie. 10. The mutual relation of these
o forms to each other, and their
0 mode of derivation, is represent-
ed in the prefixed figure (fig.
10). At the vertex of the tri-
angle is the octahedron as the
primary or fundamental form.
By a change in one axis only,
the forms on the left hand side
of the figure are produced, m
having all dimensions between
1 and o, and the forms 70 con-
sequently approaching either to
O as it diminishes, orto ocO as
060 it increases. On the right hand
side of the figure are the forms in which two of the axes vary uni-
formly, whilst one remains unchanged, m again having all magni-
tudes from 1 to . In the centre line are the forms in which tweo
axes vary, but not uniformly, so that in them the parameters of the
faces are all of different dimensions. The forms on the sides are,
therefore, the three variable forms whose extreme limits are marked
by those at the respective angles, which are fixed forms presenting
only one variety. In the centre again is the hexakisoctahedron,
uniting the signs and proportions of all the other forms, and hence
their common representative. In it the whole number of faces be~

=<0 mOx o]
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longing to this system are separately shown, whereas in the other
forms two or more of these faces usually coincide, so that the number
appears smaller.

The next class of erystals are the semitesseral forms, and first those
with oblique faces, often named tetrahedral, from their relation to the
tetrahedron. (1.) This form (fig. 11) is bounded by four equilateral
triangles, has six equal edges with faces meeting at 70° 32, and four
trigonal angles. The principal axes join the middle points of each two

Fig. 11. Fig. 12.

opposite edges.—Ex. are grey-copper ore, boracite, and helvine. (2.)
The trigonal dodecahedrons (fig. 12) are bounded by twelve isosceles
triangles, and vary in general formfrom the tetrahedron to the hexahe-
dron. There are sixlonger edges, correspondingto those of the inseribed
tetrahedron, and twelve shorter placed three and three over each of its
faces ; and four hexagonal and four trigonal angles.—Ex. grey-copper
ore, and bismuth-blende. (3.) The deltoid-dodecahedrons (fig. 13)
are bounded by twelve deltoids, and vary in general form from the te-
trahedron on the one hand, to the rhombic-dodecahedrorn on the other.
They have twelve longer edges lying in pairs over the edges of the
inseribed tetrahedron ; and twelve shorter edges, three and three over

Fig. 13. Fig. 14.

27
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each of its faces. The angles are six tetragonal (rhombic), four acute
trigonal and four obtuse trigonal angles. The principal axes join two
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and two opposite thombic angles.—Ex. grey-copper ore. (4.) The
hexakistetrahedrons (fig. 14) are bounded by twenty-four scalene
triangles, and approach in general form sometimes to one of the three
previous forms, sometimes to the rhombic-dodecahedron, or the hexa-
hedron, or the tetrakishexahedron ; but most commonly have their
faces grouped in four systems of six each. The edges are twelve
shorter and twelve longer, lying in groups of three over each face of
the inscribed tetrahedron, and twelve intermediate in pairs over its
edges. The angles are six rhombic, joined in pairs by the principal
axes, and four acuter and four obtuser hexagonal angles.—Ex. dia-
mond. 3
The derivation and signs of these forms are as follows. The tetra-
hedron arises when four alternate faces of the octahedron are enlarged,
so as to obliterate the other four, and its sign is hence 9. But, as
either four faces may be thus enlarged or obliterated, two tetrahe-
drons can be formed, similar in all respects except in position, and
together making up the octahedron. These are distinguished by
the signs + and —, added to the above symbol, but only the latter
in general expressed thus— 2. In all hemihedric systems two forms
similarly related occur, which may thus be named complementary
forms. The trigonal dodecahedron is derived from the icositetrahe-
dron by the expansion of the alternate trigonal groups of faces. Its
sign is 72%1_", the most common variety being 2_2.2 found in grey-copper
ore. The deltoid-dodecahedron is in like manner the result of the
increase of the alternate trigonal groups of faces of the triakisocta-
hedron, and its sign is "‘2—0. Lastly, the hexakistetrahedron arises in
the development of alternate hexagonal groups of faces in the hexa-
kisoctahedron, and its sign s 20",
The parallel-faced semitesseral forms are two. (1). The pentagonal
Fig. 15. dodecahedrons (fig. 15) are bounded by
twelve symmetrical pentagons, and vary
in general aspect between the hexahedron
and rhombic-dodecahedron. They have
six regular (and in general longer) edges,
lying over the faces of the inscribed hexa-
hedron, and twenty-four generally shorter
(seldom longer) edges, usually lying in
pairs over its edges. The angles are eight
of three equal angles, and twelve of three
unequal angles. The principal axes unite each two opposite regular
edges. This form isiderived from the tetrakishexahedron, and its sign

is =0", one of the most common varietics being 3:3 found frequently

&
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in iron pyrites and cobaltine. (2.) The dyakisdodecahedron (fig. 16),
bounded by twenty-four trapezoids with
two sides equal, has twelve short,
twelve long, and twenty-four intermediate
edges. The angles are six equiangular
rhombie, united in pairs by the prineipal
axes, eight trigonal, and twenty-four ir-
regular tetragonal angles. It is derived
from the hexakisoetahedron, and its sign
is [’Z‘;gl"] the brackets being used to

distinguish it from the hexakistetrahe-
‘ dron,also derived from the same primary
form. It oceurs in iron pyrites and cobaltine. There are two other
tetrahedral forms)the pentagonal dodecahedron (fig. 17), ant/l/\ the

N\ d
Fig. 17. Fig. 18.

-

pentagonal icositetrahedron, (fig. 18), both bounded by irregular
pentagons, but aot yet observed in/nature.

Combinatiofisx—These forms of the tesseral system (and this is
true also of the five other systems of crystallization), not only
oceur singly, but often two ér three united in the same erystal,
forming what are named combinations. In this case it is evi-
dent that no one of the individual forms can be completely de-
veloped, because the contemporaneous existence of several on one
crystal, or round one common centre, is only possible on the condi-
tion that the faces of one form shall partially interfere with the faces
of another. A combination, therefore, implies that the faces of one
form shall appear symmetrically disposed between the faces of the
other forms, and consequently in the room of certain of their edges
and angles. These edges and angles are thus as it were cut off, and
new ones formed in their place, which properly belong neither to the one
form nor the other, but are edges or angles of combination. Usually,

7,
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one form predominates more than the others, or has more influence
on the general aspect of the crystal, and hence is distinguished as the
predominant form, the others being named subordinate. Here again
the universality of the general law will be remarked, that only forms
of the same system and of the same division of it can combine together.
The following terms used on this subject require explanation. A com-
bination is developed when all the forms contributing to its formation
are pointed out ; and its sign consists of the signs of these forms, writ-
ten in the order of their influence on the combination with a point be-
tween. An angle or edge is said to be replaced, when it is cut off by
one or more secondary planes ; it is &runcated when cut by one plane,
forming equal angles with the adjacent faces; and an edge is be-
veled when replaced by two planes, which are equally inclined to the
adjacent faces.

It will be readily seen that such combinations may be exceedingly
numerous, or rather infinite ; and only a few of the most common
can be noticed, simply as specimens of the class. Many others more
complicated will occur in the descriptive part of this treatise. Among
plenotesseral combinations, the cube, octahedron, and also the rhom-
bic dodecahedron, are the predominant forms. In fig. 19 the cube

Fig. 19. Fig. 20.

L,

i

has its angles replaced by the faces of the octahedron, and the sign of
this combination is O . O. In fig. 20 this process may be re=
Fig. 21.

A
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garded as having proceeded still further, so that the faces of the oc-
taliedron now predominate, and the sign, of the same two elements
but in reverse order, is O. ®Ow. In fig. 21, the cube has its edges
replaced by the faces of the rhombic-dodecahedron, the sign being
®0 o .00 ; whilst in fig. 22 there is the same combination, but
with the faces of the cube subordinate, and hence the symbol is
®0 .»0wx.  The former figure, it will be seen, has more the general
aspect of the eube, the latter of the dodecahedron.

In combinations of semitesseral forms with oblique faces, the tetra-
hedron, the rhombic-dodecahedron, or even the hexahedron, seldomer
a trigonal-dodecaliedron, are the more common predominant forms.
In fig. 23, two tetrahedrons in opposite positions, 9. — ¢, are com-

Fig. 23

bined. In fig. 24 a very complex combination of seven forms is re-
presented in a erystal of grey copper ore, its full sign being

b D 3

20%0). w0 =(f). =0(). QP. _—2_8_2@). Qé)_(n). =03(s).

Fig. 24.

the letters in brackets connecting them with the respective faces of
the figure. As examples of combinations of semitesseral forms with
parallel faces, we may take fig. 25, in which each of the angles of the

Fig. 25. Fig. 26.

Nzt
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cube is nusymmetrically replaced by three faces of the dyakis-dodeca-
hedron, and hence «wQow. [4-—22], or fig. 26, in which the pentagonal
B
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dodecahedron has its trigonal angles replaced by the faces of the octa-
hedron, consequently with the sign 552’3. O.—Figure 27 represents the
Fig. 27. same combination, but with greater pre-
) dominance of the faces of the octahedron,
v the crystal being bounded by eight equi-
lateral and twelve isosceles triangles. As
formerly stated, the holohedral forms in
these combinations are regarded by some
authors as essentially hemihedral.

Tetragonal System.—This system agreef
; h withthe former in having three axesplaced
at right angles ; but differs in that two of
them are equal and one unequal. The last is considered the principal
axis, having most influence on the symmetry of the forms, and when
it is brought into a vertical position the crystal is said to be placed
upright. Its ends are named poles, and the edges connected with them
polar edges. The twoother axes are named subordinate orlateral axes,
and a plane passing through them is named the basis of the crystal.
The two planes that pass through the principal and one of the lateral
axes are named normal chief sections, and a plane through the chief
axis intermediate to them a diagonal chief section. The name tetra-
gonal is derived from the form of the basis, which is usually quadratic.
There are eight tetragonal forms, of which five are closed,—that is,
bounded on all sides by planes, and of definite extent; and three
open, which in certain directions are not bounded, and consequently
of indefinite extent. The latter, as will subsequently appear, are only
the limif-forms into which some of the former pass when the axes are

infinitely extended.
Fig. 28.

The description of the varieties is as follows, it being premised that
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a crystallographic pyramid is equivalent to two geometrical pyramids
joined base tobase. (1.)Tetragonal pyramids (figs. 28, 29) areenclosed
by eight isosceles triangles, with four middle edges all in one plane,
and eight polar edges. There are three kinds of this form arising in
the different position of the lateral axes. In the first these axes unite
the opposite angles; in the second they intersect the middle edges
equally ; and in the third they lie in an intermediate position, or divide
these edges unequally ; the latter being hemihedral forms. These
pyramids are also distingnished as obtuse (fig. 28) or acute (fig. 29),
according as the vertical angle is greater or less than in the octa-
hedron, whicl, though thus intermediate between these, is never con-
sidered a tetragonal form. (2.) Ditetragonal pyramids (fig. 30) ave

Fig. 30. Fig. 31.

bounded by sixteen scalene triangles, whose base lines are all in one
plane. Their polar edges are named normal when they lie in the nor-
mal chief section, or diagonal when in an intermediate position. This
form rarely occurs except in combinations. (8.) The tetragonal sphe-
noids (fig. 31) are bounded by four isosceles triangles, and are the
hemibedral forms of the first variety of tetragonal pyramids, from
which they arise in the same manner as the tetrahedron from the oc-
tahedron. (4.) The tetragonal scalenohedron (fig. 32), bounded by
eight scalene triangles, whose bases rise and fall in a zig-zag line, is
the hemihedral form of the ditetragonal pyramid. The latter two
forms arerare; and the fifth tetragonal form, the trapezohedron only,
if ever, observed in scapolite, needs no further notice.—The tetra-
gonal prisms. (fig. 83) are bounded by four planes parallel to the
principal axis; the ditctragonal by eight similar planes. In them
the principal axis is supposed to be prolonged infinitely or to be un-
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bounded. Where it is very short and the lateral axes infinite, the
basal pinacoid is formed, consisting merely of two parallel faces.

Fig. 32. Fig. 83.
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Both it and the prisms are open, and consequently must be bounded
by some other forms.

The various series of tetragonal crystals found in the different spe-
cies of the mineral kingdom are distinguished from each other only by
their relative dimensions. To determine these, one of the series must
be chosen as the fundamental form, and for this purpose a tetragonal
pyramid of the first variety, designated by P as its sign, is selected.
The angle of one of its edges, especially the middle edge, found by
measurement, determines its angular dimensions ; whilst the propor-
tion of the principal axis () to the lateral axes supposed equal to 1,
gives its linear dimensions. The parameters, therefore, of each face
of the fundamental form are 1:1: a.

Now if m be any (rational) number, either less or greater than
one, and: if from any distance me in the principal axis planes be
drawn to the middle edge of P, then new tetragonal pyramids of the
first kind, but more or less acute or obtuse than P, are formed. The
general sign of these pyramids is mP, and the most common varieties
4P, 2P, 3P; with the chief axis equal to 2, twice or thrice that of P.
If m becomes infinite, or = oo, then the pyramid passes into a prism,
indefinitely extended along the principal axis, and with the sign oD ;
if m = 0, which is the case when the lateral axes are supposed in-
finite, then it becomes a pinacoid, consisting properly of two basal
faces, open towards the lateral axes and designated by the sign OP.
The ditetragonal pyramids are produced by taking in each lateral axis
distances n greater than 1, and drawing two planes to these points
from each of the intermediate polar edges. The parameters of these
planes are, therefore, m : 1 : n, and the general sign of the form mPn,
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the most common values of  being 3, 2, 3, and . Whenn= w«, a
tetragonal pyramid of the second kind arises, designated generally by
mPw, the most common in the mineral kingdom being P and
2Pw. The relation of these to pyramids of the first kind is shown:
in fig. 84, where ABBBX is the first, and ACCCX the second
kind of pyramid. In like manner from the prism «oP, the ditetragonal
prisms ooPn are derived, and finally when » = o, the tetragonal prism
of the second kind, whose sign is @P .

~

Fig. 34. ;. Fig. 35.

The combinations of the tetragonal system are either holohedric or
hemihedric, but the latter are rare. Prisms and pinacoids must al-
ways be terminated on the open sides by other forms. Thus in figure
35 a square prism of the first kind is terminated by the primary py-
ramid, and has its lateral angles again replaced by another more acute
pyramid of the second kind, so that its sign is w0 P. P. 2Pw. In fi-
gure 36 a prism of the second kind is first bounded by the fundamentak

Fig. 36. Fig. 37.

2N
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pyramid, and then has its edges of combination replaced by a ditetra-
gonal pyramid, and its sign is here, wPw. P. 3P3. In figure 37
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the polar edges of the pyramid are replaced by another pyramid, its
sign being P . Poo. In fig. 38 a hemihedric form very characteristic
of copper pyrites is represented, P and P’ being the two sphenoids, a

Fig. 38. Fig. 39.
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the basal pinacoid, and b, ¢ two ditetragonal pyramids. In fig. 39 a
crystalof idocraseisrepresented, combining no less than thirteen forms.
Its sign with the corresponding letters on the faces subjoined is,

wPw. P. 0P. ®P. Pw. 2Pw. 2P. 4P. 2P2. 4P4. «©P2. 4P2. $P3.

Missch IRE IdFelons By S Wb By iz S e SRR

The Hexzagonal System.—The essential character of this system is,
that it has four axes,—three equal lateral axes intersecting each other
in one plane at 60°, and one principal axis at right angles to them.
The extremities of the principal axis are named poles, and sections
through it and one lateral axis, normal chief sections. The plane
through the lateral axes is the basis, and from its hexagonal form
gives the name to the system. As in the last system its forms are
either closed or open ; and are divided into holohedral, hemihedral,
and tetartohedral,—the last forms with only a fourth part of their
faces developed. The tetartohedral and many of the hemihedral
forms are of rare occurrence, and only a few of the more common re-
quire to be here described.

The hexagonal pyramids (figs. 40, 41) are bounded by twelve isosceles
triangles, and are of three kinds, according as the lateral axes fall in
the angles, in the middle of the lateral edges, or in another point of
these edges, the latter being hemihedral forms. They are also classed
as acute or obtuse, but without any very precise limits. The trigonal
pyramid,—shown by G. Rose to occur in quartz,—is bounded by six
triangles, and may be viewed as the hemihedral form of the hexagonal.
The dihexagonal pyramid is bounded by twenty-four scalene triangles,
but has never been observed alone, and rarely even in combinations.
These forms when the principal axis becomes infinite pass into prisms,
the first producing the hexagonal prism of six sides, the latter the
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dihexagonal of twelve sides ; or form similar pinacoids when their chief
axis equal to 0, or the lateral axes infinitely extended.
Fig. 40. Fig. 41.

A4

As the fundamental form of this system, a particular pyramid P
is chosen, and its dimensions determined either from the proportion
of the lateral to the principal axis (1: @), or from the measurement
of its angles. From this form, (mP), others are derived exactly as
in the tetragonal system. Thus dihexagonal pyramids are produced
with the general sign, mPn, the chief peculiarity being that, whereas
in the tetragonal system » might have any rational valuefrom 1 to oo,
in the hexagonal system it can only vary from 1 to 2, in conse-
quence of the geometric character of the figure. When 2 = 2 the di-
hexagonal changes into an hexagonal pyramid of the seeond kind,
whose sign is mP2. When m is = oo various prisms arise from similar
changes in the value of n.

Few hexagonal mineral-species form perfect holohedric combina-
tions. Though quartz and apatite usually appear as such, yet pro-
perly the former is a tetartohedral, the latter a hemihedral species.
In holohedric species the predominant faces are usually those of the
two hexagonal prisms, «oP, and o P2, or of the pinacoid, OP ; whilst
the pyramids P and 2P2 are the most common subordinate faces.
Figure 42 represents the prism, bounded on the extremities by two
pyramids ; one, P forming the point, the other 2P2 the rhombic faces
on the angles, or wP. P. 2P2. Sometimes the prism and first py-
ramid are combined with the pinacoid, the latter cutting off the point
of the crystal. At other times the lateral edges of the prism are
replaced by the second prism P2, producing an equiangular twelve-
sided prism, which always represents the combination owP. P2, and
cannot occur as a simple form. An example of a more complicated
combination is scen in thisfig. 43, of a crystal of apatite, whosesign with
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the corresponding letters is, wP (M). P2 (¢). OP (P). }P (+).
P (2). 2P (z). P2 (a). 2P2(s). 4P2 (d).
Fig. 42. Fig. 43.

Hexagonal minerals more fi'equently crystallize in those series
of hemibedral forms that are named rhombohedral, from the pre-
Fig. 44.

D&

valence in them of rhombohedrons. These are (fig. 44) bounded

Fig. 45. by six rhombs, whose lateral edges do not lie in
one plane but rise and fall in a zig-zag manner.
The principal axis unites the two trigonal angles,
formed by three equal plane angles, and in the
most common variety the secondary axes join the
middle points of two oppositesides. When the polar
edges form an angle of more than 90° the rhom-
bohedrons are named obtuse, when of less acute.
Hexagonal scalenohedrons (fig. 45) are bounded
by twelve scalene triangles, whose lateral edges
do not lie in one plane. The principal axis joins
the two hexagonal angles, and the secondary axes
the middle points of two opposite lateral edges.
It is a very remarkable peculiarity of the scaleno-
hedron, that its lateral edges always correspond
with those of a certain rhombohedron that may be
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inseribed in it, and from which it may therefore be regarded as de-
rived, a view illustrated by fig. 46.

The rhombohedron is derived from
the first kind of hexagonal pyramid by
the hemihedric development of its al-

ternate faces. Its general sign should

therefore be f';f, but on several

grounds it is found better to designate
it by R or mR, and its complementary
figure by —mR. When the prism or
pinakoid arise as its limiting forms,
they are designated by «R and OR,
though in no respect changed from the
limiting forms ooP and OP of the py-
ramid. The scalenohedron is properly
the hemihedric form of the dihexago-
nal pyramid, but is better derived from
the inscribed rhombohedron mR. If
the halves of the principal axis of this
are multiplied by a definite number =,
and thenplanes drawn from the extre-
mities of this enlarged axis to the late-
ral edges of therhombohedron, asinfig.
46, the scalenohedron is constructed.
Hence it is designated by mRn, the n
being written on the right hand like an algebraic exponent : and the
dihexagonal prism is in like manner designated by coR~.

The combinations of rhombohedric forms are very numerous, some

Fig. 47. Fig. 48.
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hundreds being described in calc-spar alone. Among the more com-
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mon is the prism in combination with a rhombohedron, as in the twin
crystal of calc-spar (fig. 47), with the sign ©wR. —}R, the lower half
being the same form with the upper, but turned round 180°, In figure
48, the rhombohedron mR has its polar edges replaced by another
rhombohedron —§mR ; and in figure 49 its lateral edges bevelled by
the scalenohedron mR». A more complex combination of five forms is

Fig. 49. Fig. 50.

represented in the crystal of calc-spar, fig. 50, its sign with the letters
on the faces being R3(y) . R3(r). R(P) . 4R(m) . »R(c). Many other
forms occur which will be exemplified in the descriptive part-of the
work ; and we shall only allude further to the tetartohedric combina-
tions of pure quartz or rock crystal, which shows this form of erystal-
lization most distinctly, the pyramids of the first kind appearing as
rhomboliedrons, those of the second kind as trigonal pyramids, the di-
hexahedral prisms as ditrigonal prisms, and the prism coP2 as a tri-
gonal prism. Most of these forms, however, occupy but a very sub-
ordinate place in the combinations which consist essentially of the

prism P, and the rhombohedron R = %’.

Rhombic System.—The Rhombic System is characterised by three
axes, all unequal, but still at right angles to each other. One of these
must be assumed as the chief axis, when the others are named sub-
ordinate, but mineralogists differ much in their choice of an axis for
this purpose. The plane passing through the secondary axes or the
basis forms a rhomb, and from this the name is derived. This system
comprises only a few varieties of forms that are essentially distinct,
and its relations are consequently very simple. f
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The closed forms are, (1st.) The rhombic pyramids (figs. 51, 52),
bounded by eight scalene triangles, whoselateral edges lie in one plane,

Fig. 51. Fig. 52.

and form a rhomb. They have eight polar edges, four acute and four

more obtuse, and four lateral edges, and six rhombic angles, the most

acute at the extremities of the longest axis. (2d.) The rhombic sphe-

noids (fig. 53) are bounded by four scalene triangles with their late-

Fig. 53. ral edges not in one plane; and

are a hemihedric form of the

rhombic pyramid of unfrequent

occurrence. The open forms again

are, (3d.) Rhombic prisms bound-

ed by four planes parallel to one

of the axes which is indefinitely

extended. They are divided into

upright and horizontal prisms, ac-

cording as either the principal or

one of the lateral axes is supposed

to become infinite. For the lat-

ter form, the name doma or dome has been used ; and two kinds, the

macrodome and the brachydome, have been distingnished. Rhombic

pinakoids also arise when one axis becomes = 0, and the two others
are indefinitely extended.

In deriving these forms from a primary, a particular rhombic py-
ramid P is chosen, and its dimensions determined either from the
angular measurement of two of its edges, or by the linear proportion
of its axes @: b: ¢; the half of the greater lateral axis b being usually
assumed equal to 1. To the greater lateral axis the name macro-
diagonal is frequently given ; to the shorter, that of brachydiagonal ;
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and the two principal sections are in like manner named macrodia-
gonal and brachydiagonal, according to the axis they intersect. The
same terms are applied throughout all the derived forms, where they
consequently mark only the position of the faces in respect to the axes
of the fundamental erystal, without reference to the relative magnitude
of the derived axes. :
By multiplying the principal axis by any rational number m, greater
or less than 1, a series of pyramids arise, whose general sign is mP,
and their limits the prism and pinakoid, the whole series being con-
tained in this formula, OF - - - - - mP----P----mP----0Pjy
which is the fundamental series, the lateral axes always remaining un-
changed. From each member a new series may, however, be developed
in two directions by increasing one or other of the lateral axes. When
the macrodiagonal is thus multiplied by any number » greater than 1,
and planes drawn from the distance » to the polar edges, anew pyra-
mid is produced, named a macropyramid, with the sign mPn, the
mark over the P pointing out the axis enlarged. When m = w a
macrodome results, with the sign mP o. If the shorter axis is mul-
tiplied, then brachypyramids and brachydomes are produced with the

Fig. 54. signs mPn and mPeo. So
also from the prism P, on
the oneside,numerous macro-

prisms P, with the limit-

’ ingmacropinakoid P ; onr

the other, numerous brachy-

<7 prisms coPa, with the limit
\ﬂ' form oPoo, or the brachy-

pinakoid. In figs. 54, 55,
the two domes are shown in
their relation to the primi-

tive pyramid, the signs on
the faces being those used in
the system of Mohs.

The pyramids seldom oc-
cur independent, or even as
the predominant forms in a
combination, sulphur, how-
ever, being an exception.
Prisms or pinakoids usually
give the general character fo
the crystal, which then ap-
pears either in a columnar or
tabular, or even in a rectan-

Fig. 55.
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gular pyramidal form. The determination of the position of these cry-
stals, as vertical or horizontal, depends on the choice of the chief axis
of the fundamental form. In the topaz crystal, fig. 56, the brachyprism
and the pyramid are the predominant elements, associated with the

prism, its sign and letters being wP2(7). P(0) . «P(m). Fig. 57 of

Fig. 56. Fig. 57. Fig. 58.
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stilbite or desmine is another example, the macropinakoid ocPoo or M,
being combined with the pyramid P (r), the brachypinakoid wPwo

(T) and the basal pinakoid OP(P). Another instance is figure 53 of
a lievrite crystal, where the brachyprism and pyramid combine with
the macrodome, or «P2.P.Px. The following figures are very
common forms of barytes; figs. 59 and 60 being both composed of

Fig. 59. Fig. 60.

) P
| & z &

the pinakoid, a brachydome and maerodome with sign 0P(c) . Poo -
1P (d), the variation in aspect arising from the predominance of dif-
ferent faces; and fig. 61, consisting of the macrodome 4P o, the prism
©P(g), and the pinakoid OP.
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The Monoclinokedric System.—This system is characterised by
three unequal axes, two of which intersect each other at an oblique
angle, and are cut by the third at right angles. One of the oblique
axes is chosen as the chief axis, and the other axes are then distin-
guished as the orthodiagonal (right-angled), and clinodiagonal (ob-
lique-angled). The same terms are applied to the chief sections, and
the name of the system refers to the fact that these two planes and
the base, together with two right angles, form also an oblique angle C.

The forms of this system approach very near to those of the rhom-
bic series, but the inclination of the axes, even when almost a right
angle, gives them a peculiar character, by which they are always
readily distinguished. Each pyramid thus separates into two alto-
gether independent forms or hemipyramids. Three varieties of prism
also occur—rvertical, inclined, and horizontal—with faces parallel to
the chief axis, the clinodiagonal, or the orthodiagomal. The hori-
zontal prisms, like the pyramids, separate into two independent par-
tial forms, named hemiprisms or hemidomes. The inclined prisms
are often designated clinodomes, the term prism being restricted to
the vertical forms. Orthopinakoids and clinopinakoids are also
distinguished from their position in relation to the axes. *

The monoclinohedric pyramids (fig. 62) are bounded by eight sca-

Fic. 62 lene triangles of two kinds, four and
g. bz. 85 e, 5
four only being similar. Their la-
teral edges lie all in one plane, and
the similar triangles are placed in
pairs on the clinodiagonal polar edges.
The two pairs in the acute angle be-
-t tween the orthodiagonal and basal
_________ 4. =Nsection are designated the positive
(e Fy hemipyramid ; whilst the two pairs in
the obtuse angles of the same sections
form together the negative hemipy-
ramid. But as these hemipyramids
are wholly independent of each other,
they are rarely observed combined
in the complete form: More frequent-
ly each occurs alone, and then forms a prism-like figure, with faces
parallel to the polar edges, and open at the extremities. Hence,
like all prisms, they can only appear in combination with other forms.
The vertical prisms are bounded by four equal faces parallel to the
principal axis, and the cross section is a rhomb ; the clinodomes hdve
a similar form and section ; whilst the horizontal prisms or domes
have unequal faces, and their section is a rhomboid.
The mode of derivation of these forms closely resembles that of the

A B
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rhombic series. A complete pyramid is assumed as the fundamental
form, and designated + P, in order to express the two portionsof which
it consists. Its dimensions are given when the proportion of its
axes a:b:c and the angular inclination of the oblique axes C,
which is also that of the orthodiagonal section to the basis, are known.
The fundamental series of formsis, 0P - - - -4+ mP - ---4+P ----
+mP - - - -oP; from each of whose members, by changing the
dimensions of the other axes, new forms may be again derived.
Thus from 4 mP, by multiplying the orthodiagonal by any number #,
a series of orthopyramids + mPn, is produced with the orthodomes
+mPo, as limiting forms. The clinodiagonal produces a similar
series, distinguished from the former by the sign being put in brackets,
thus, + (mPn,) with the limiting clinodome (mPw) always com-
pletely formed, and therefore without the signs + attached. From ccP
arise orthoprisms, oPr, and the orthopinakoid, wPew ; and clino-
prisms ( Pn) and the clinopinakoid ( wPw ).

The combinations of this system may be easily understood from their
resembiance to those of the rhombic ; the chief difficulty being in the
occurrence of partial faces, which, however, closely resemble the
hiemihedric forms of the previous systems. We shall therefore only
select a few examples frequently observed in the mineral kingdom.
Fig. 63 represents a very common form of gypsum crystals (<P )
(P).oP(f).P (). The mostcommon form of augite is represent-
edin fig. 64, with the sign oP (m) . wPw (r) . («Px) () . P (s).

Fig. 63. Fig. 64.

Figure 65 is a erystal of common felspar or orthoclase, composed of
the clinopinakoid (P ) (37), the prism, P (7)), the basal pina-
koid OP (P), and the hemidomes, 2P (y): to which, in fig. 66 of
the same mineral, the hemipyramid, P (o), and the clivodome (2P )
(n), are added.
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Fig. 66.

!

Triclinokedrie System.—This is the least regular of all the systems,
and departs the most widely from symmetry of form. The axes are
all unequal and inclined at different angles, so that to determine any

rystal or series of forms the proportion of the axes @ : b : ¢, and also
their angles, or those of the inclination of the chief sections, must be
known. As in the previous system one axis is chosen as the principal
axis, and the two others distinguished as the macrodiagonal and
erachydiagonal axes. In consequence of the oblique position of the
principal sections, this system consists entirely of partial forms wholly
independent on each other, and each composed only of two parallel
faces. The complete pyramid is thus broken up into four distinct
quarteFpyramids ; and the prism into two hemiprisms. Each of these
partial forms is"thus nothing more than a pair of parallel planes, and
the various forms ‘consequently mere individual faces. This circum-
stance renders many series of triclinohedric crystals very unsymme-
trical in appearance.

Triclinohedric pyramids (fig. 67) are bounded by eight triangles,

Fig. 67. whose lateral edges lie in one plane. They
are equal and parallel two and two to each
other; each pair forming, as just stated, a
tetartopyramid or open form, only limited
by combination with other forms, or, as
we may suppose, by the chief sections.
The prisms are again either vertical or in-
clined ; the latter named domes, and their
section is always rhomboidal. In deriving
the forms, the fundamental pyramid is
placed upright with its brachydiagonal
axis to the spectator, and the partial forms
designated, the two upper by P and P’,
the two lower by ,P and P, as in the figure. The further derivation
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now follows as in the rhombic system, with the modifications already
mentioned, so that we need not delay on it longer, especially as the
minerals crystallising in these forms are not numerous.

Some combinations of this system, as the series exhibited by most
of the felspars, approach very near to the monoclinohedric system
whilst others, as the blue copper, or vitriol, and axinite, show great

Fig. 68. incompleteness and want
of symmetry. In the
latter case the determi-
nation of the forms is
often difficult and re-
quires great attention.
As specimens, we may
notice the albite crystal
(fig. 68), in which P is
the basal pinakoid 0P,
M the brachydiagonal
pinakoid oPw, s the
upper 1ight pyramid P,  the right hemiprism oI, 7"the left hemi-
prism o’P, and = the hemidome ‘P’w0. Figures 69 and 70 are crys-

Fig. 69. Fig. 70.

tals of axinite, the former from Dauphiné, the latter very common
in Cornwall, of whose faces the following is Naumann’s development,
r the macropinakoid oPoo ; P the left hemiprism oo’P ; u the left
upper quarter pyramid ‘P ;  the left upper quarter pyramid 2'P ; s the
1;% uppir partial form of the macropyramid 3'P3, and « the hemidome
, .
Imperfections of Crystals.

In the foregoing description of the forms of crystals, the planes
have always been supposed smooth and even, the faces equal and
uniform, or at the same distance from the centre or point of in-
tersection of the axes, and each crystal also perfect or fully formed

* Some au.th.o.rs combine the 4th, 5th, and 6th systems in one, considering the latter two
as mere subdivisions of the rhombic. In some respects this view is advantageous, but in
others tends to render the subject more complex, and therefore is not adopted here.
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and complete on every side. In nature, however, these condi-
tions are rarely, if ever, realized, and the edges of crystals are
seldom straight lines, or the faces mathematical plane surfaces. A
very interesting variety of these irregularities which pervades all the
systems, except the tesseral, is named kemimorphism by Breithaupt
and others. In this the crystals are bounded on the opposite ends of
“their chief axis by faces belonging to wholly distinct forms, and hence
only the upper or under half of each form is produced, or the crystal,
as the name implies, is half-formed. Figure 71 represents a common
variety of tourmaline, bounded on the upper end by the planes of the

Fig. 71. Fig. 72.

k_1

rhombohedrons R and —2R, and on the lower end by the basal pina-
koid. 1In fig. 72 of electric calamine, the upper extremity shows the
basis %, two brachydomes o and p; and two macrodomes m and 7;
whilst on the lower end it is bounded by the faces P of the primary
form. This appearance becomes more interesting from the fact, that
most hemimorphic crystals acquire polar electricity from heat, that is,
exhibit opposite kinds of electricity at opposite ends of the crystal.
The faces of crystals are very frequently rendered imperfect by
strie or minute linear and parallel elevations and depressions. These
are believed to arise in the oscillatory combination of two crystalline
forms, alternately prevailing through small spaces. The strize, there-
fore, are in reality the edges of combined forms, and can often be
readily interpreted on this theory. They are very common on quartz,
shorl, and some other minerals ; and frequently indicate combinations
where only a simple form would otherwise appear to exist. The
cubes and pentagonal dodecahedrons of iron pyrites are frequently
striated, and in three directions at right angles to each other. In
calespar the faces of the rhombohedron, —iR (g in fig. 47 above) are
almost never without strize parallel to the oblique diagonal. The
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striation is said to be simple, when only one series of parallel lines ap-
pears on each face ; or feathered when two systems diverge from a
common line. In other crystals the faces, then said to be drusy, are
covered by numerous projecting angles of smaller crystals ; an imper-
fection often seen in fluor spar. When these again become so small
as to be no longer determinable, the surface is said to be rough ; but
a similar imperfection is also occasioned by other inequalities. The
faces of crystals occasionally appear curved either as in tourmaline and
beryl from the peculiar oscillatory combination mentioned ; or by the
union of several crystals at obtuse angles like stones in a vanlt, as in
desmin and prehnite. -A true curvature of the faces probably occurs
in the saddle-shaped rhombohedrons of brown spar and iron spar (see
Mohs, i.fig. 180), in the lens-like crystals of gypsum, and in the curved
faces so common on diamond crystals. In chabasite similar curved
faces occur, but concave. In galena and augite the crystals are often
rounded on the corners as if by an incipient state of fusion. On other
crystals the faces are rendered nneven from inequalities following no
certain rule. These imperfections frequently furnish valuable assist-
ance in developing very complex combinations, since it appears that
all the faces of each individual form are distinguished by the same pe-
culiarity of surface.

Irregularities in the forms of crystals are produced when the cor-
responding faces are placed at unequal distances from the centre, and
consequently differ in form and size. Thus the cubes and octahedrons
ofiron pyrites, galena and fluorspar are oftenlengthened along one axis.
Quartz is subject to many such irregularities which are seen in a very
remarkable manner on the beautiful transparent and sharply angular
crystals from Dauphiné, which thus appear altogether unsymmetric.
In such irregular forms the axes do not exactly agree with the defi-
nition above. Instead of one line, they are then represented by an
infinite number of lines, parallel to the ideal axis of the figure. The
same irregularity carried to a greater extent frequently causes certain
faces required for the symmetry of the form, altogether to disappear
—an irregularity distinet both from the hemihedrism and hemimor-
phism already mentioned. Again some crystals do not fill the whole
space marked out by their outline, holes and vacancies being left in
the faces, occasionally to such extent that they seem little more than
mere skeletons. This appearance is very common on crystals produced
artificially, either from solutions, by fusion, or by sublimation, as in
common salt, alum, bismuth, silver, &c. A perfect crystal can only
be produced when during its formation it is completely isolated, so as
to have full room to expand on every side. Hence the most perfect
crystals have been originally imbedded singly in some uniform rock
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mass, and freed from this either by the natural decomposition of the
stone, or by art. Such crystals present the individual mineral species
in its most complete isolation and most perfect state of formation.
Next to them in perfection are forms that grow singly on the surface
of some mass of similar or distinct composition ; and when the point
of adherence is small such crystals show the form almost perfect and
complete. 'When, however, many crystals are aggregated together,
the one interferes with the formation of the other and various irregu-
larities result. An incompleteness of form, or at least a difficulty in
determining it, arisesfrom the minuteness of some crystals, or from their
contracted dimensions in certain directions. Thus some appear mere
tabular or lamellar planes, whilst others run out into acicular, needle-
shaped, or capillary crystals, in which no complete form is perceptible.

One important element, however, remainsunchanged amid all these
modifications of the general form of the crystal, or of the condition
and aspect of its individual faces. However much crystals may vary
in these respects or in linear dimensions, their angular measurement
remains constant. In some monoaxial crystals, indeed, Mitscherlich
has shown that increase of temperature produces an unequal expan-
sion in different directions, slightly changing the relative inclina-
tion of the faces, but so small as to be scarcely perceptible in common
measurements, and hence producing no ambiguity. More important
are the angular changes which in many species accompany slight
changes in chemical composition, particularly in the relative propor-
tions of certain isomorphous elements. But notwithstanding all these
limitations the great truth of the permanence of the angular dimen-
sions of crystals, announced by Romé de I'Isle, remains unaffected ;
only, as Mohs well states, it must not be interpreted with a rigid im-
mutability, inconsistent with the whole analogy of other parts of
nature. In interpreting the forms presented to us we must always
endeavour to bring them under some simple geometric law, through
which alone they can be understood ; being at the same time careful
not to push this endeavour too far, and to imagine a simplicity which
more accurate observation would have shown did not exist.

The Goniometer and Measurement of Crystals.

The fact just stated of the permanence of the angular dimensions of
crystals, shows the importance of some accurate method of measuring
their angles, that is, the inclination of two planes to each other. Two
instruments have been specially used for this purpose,—the common or
contact goniometer, invented by Caringeau, and the reflecting gonio-
meter of Wollaston. The former is simply two brass rulers turning on
a common centre, between which the crystal is so placed that its faces



GONIOMETER. 37

coincide with the edges of the rulers, and the angle is then measured
on a graduated arc. This instrument is sufficiently accurate for many
purposes and for large crystals ; but for precise determination is far
inferior to the reflecting goniometer. This requires smooth and even
faces, but these may be very small, even the hundredth of an inch,
in skilful hands, and as small crystals are generally most perfect, far
greater accuracy can be attained, and the measurements depended on
to one minute (1').
The reflecting goniometer is represented in the annexed figure. It
Fig. 73. consists essentially of a graduated
circle m m, divided on its edge
into twice 180°, or more often
into half degrees, the minutes be-
ing read of by the vernier Ak.
This circle turns on an axis con-
nected with ¢, so that by turning
this the circle is moved round,
but is stopped at 180°, when mov-
ing in one direction, by a spring
at & The other part of the in-
strument is intended to attach
and adjust the crystal to be mea-
sured. The first axis of mm is
hollow, and a sccond axis, aa,
passes through it from ss, so that
this and all the connected parts
from b to fcan be turned with-
out moving the circle mm. The
axis d passes through a hole in
be, so that it can turn the arm
de into any required position ;
{ fis asimilar axis turning the arm
og; and pq a fourth axis, in like
manner movable in g, and with a
small knob at ¢, to which the cry-
stal to be measured is attached.
‘When about to use the instrument it should be placed on a table,
with its base horizontal, which is readily done by the screws in it,
and opposite to a window at about 12 or 15 feet distance, so that its
axis shall be parallel to the horizontal bars of the window. One of
the upper bars of the window, and also the lower bar, or instead of
the iatter a white line on the floor or table parallel to the window,
should then be chosen in order to adjust the crystal. The observer
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places himself behind the instrument with the side a at his right
hand. The crystal is then attached to ¢ by a piece of wax with the
two faces to be measured upwards. The axis fo is made parallel to
aa, and the eye being brought near to the first face of the crystal,
the axes aa and p are turned till the image of the window is seen re-
flected in the face with the horizontal and vertical bars in their pro-
per position. The axis d is then turned through a considerable angle
(say 60°), and the image of the window again sought and brought in-
to its proper place by turning the axis f, without moving p. When
this is done that face is brought into its true position, normal to d,
so that no motion of d can disarrange it. Hence the image of the
window may now be sought in the second face and brought into its
true position, with the horizontal bars seen horizontal, by moving
the axesdand a. When this is done the crystal is properly adjusted,
and the angle is thus measured. I'irst bring the zero of the circle and
vernier to coincide, and then turn the inner axis ¢ or ss and move
the eye till the image of the wpper bar of the window reflected from
the more distant face of the crystal coincides with the lower bar or
horizontal line seen directly. Keeping the eye in its place, turn the
outer axis # till the reflected image of the upper bar in the other face
in like manner coincides with the lower line, and the angle of the two
faces is then read off on the divided circle. As the angle measured
is not directly that of the faces, but of the rays of light reflected from
them, or the difference of the angle wanted from 180°, the circle has
the degrees numbered in the reverse direction, so as to give the angle
without the trouble of subtracting the one from the other.

The above apparatus for adjusting the crystal is an improvement
suggested by Naumann. In the original instrument the axis fo was
made to push in or out in a sheath, and had a small brass plate, bent
at right angles, inserted in a cleft at o, to which the crystal was at-
tached. The crystal was adjusted as formerly by moving the plate,
or the axis fo, and by slight motion of the arm de, which should be
at right angles nearly to bc when used. A considerable improve-
ment is to have a small mirror fixed on the stand below the crystal,
with its face parallel to the axis aa, and inclined at 45° to the win-
dow, when the lower line can be dispensed with, and the instrument
used for various other purposes of angular measurement. Many
alterations have been suggested for the purpose of insuring greater
accuracy, but the simple instrument is sufficient for all purposes of
determinative mineralogy, and the error from the instrument will, in
most cases, be less than the actual variations in the dimensions of
the crystals. Greater simplicity is indeed rather desirable, and the
student will often find it sufficient to attach the crystal by a piece of
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wax to the axis a directly, and give it the further adjustment by the
hand. The only use of the parts from & to ¢ is to enable the observer
to place the crystal properly ; that is, with the edge to be measured
parallel to the axis of the instrument, and as nearly as possible coin-
ciding with its centre. This is effected when the reflection of the
horizontal bar in the two faces appears parallel to that edge.

Macles or Twin Crystals.

When two similar erystals, or individuals of a mineral species, are
united together with their similar faces and axes parallel, the one forms
merely a continuation or enlargement of the other, and both may be re-
garded as constituting only one individual. Frequently, however, two
crystalsareunited according to very preciselaws, though all their similar
faces and axes are not thus parallel. Compound crystals of the latter
kind are named macles or twin crystals ; and are divided into those in
which the axes of the two crystals are parallel, and those in which they
are inclined. The former only occur among hemihedric forms and com-
binations, and the two forms are then combined in the exact position in
which they would be derived from or reproduce the primary holohedric
form. The second class, with oblique axes, occur both in holohedric
and hemihedric forms. According to Weiss they are all regulated by
the general law, that the two individuals are placed in perfect symme-
try to each other, in reference to a particular face of the crystal which
forms the plane of nunion or the equator of the macle. The same law
results when we suppose the two crystals originally parallel and the
one turned round the normal of the united faces by 180°, whilst the
other is stationary. Or we may suppose a erystal cut into halves in a
particular direction, and one half turned 180° on the other, and hence
the name of hemitrope given to them by Hauy. The position of the
two individuals in this case is the same with that of an ohject and its
image in a mirror, whose surface then represents the plane of union.

The manner in which the crystals unite also differs. Some are
merely opposed or in simple contact by two faces ; others are as it
were grown together and mutually interpenetrated, and are occa-
sionally so completely incorporated as to appear like one single in-
dividual. The twin-edges and angles in which the two unite are
often re-entering ; or they may coincide in one plane, when the line
of union is either imperceptible or is only marked by the meeting of
two systems of strie, or other diversity in the physical characters of
the two faces. .

The formation of twin crystals may be again repeated, forming
groups of three, four, or more. When the faces of union are parallel
to each other, the crystals form rows of indeterminate extent ; where
they are not parallel vhey may return into each other in circles or
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form bouquet-like or other groups. Where crystals are merely in jux-
taposition they are sometimes much shortened in the direction of the
twin axis ; and where many oceur in a series with parallel position, are
often compressed into very thin plates, frequently not thicker than pa-

per, giving to the surface of the aggregate a peculiar striated aspect.
Ouly a few twin crystals in the different systems can be noticed,
chiefly as examples of this mode of formation, and not as a complete
enumeration. In the tesseral system only the tetrahedral and dode-
cahedral hemihedric forms unite with parallel axes, and then produce
intersecting macles like the pentagonal dodecahedrons of iron pyrites
in fig. 74, and the tetrahedrons of grey copper or fahl-orein fig. 75, a
Fig. 74.

similar formation also occurring in the diamond. In macles with in-
clined axes the two forms almost always unite by a face of the octahe-
dron, and the two individuals are then generally apposed and shortened
in the direction of the twin axis by one-half, so that they appear like
a crystal that has been divided by a plane parallel to one of its faces,
and the two halves turned round on each other by an angle of 180°.
In this manner two octahedrons of the spinel, magnetic iron ore,

Fig. 76.

or automolite, (fig. 76), are frequently united. The same law pre-
4
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vailing the intersecting cubes of fluor spar, iron pyrites, and galena,
Fig. 78 represented in fig. 77. In fig. 78 of zinc

blende two rhombic dodecahedrons are

united by a face of the octahedron.

In the tetragonal system, twin erystals
with parallel axes rarely occur, because few
of the species belonging to it present he-
. mihedric forms. It is, however, seen in
copper pyrites, and one or two other mi-
nerals. Where the axes are inclined the
plane of union is very often onme of the
faces of the pyramid P, or one of those
faces that would regularly replace the
polar edges of the fundamental form P. The crystals of tin ore obey
this law, as seen in fig. 79, where the individuals are pyramidal, and

Fig. 79.

in the knee-shaped crystal (fig. 80), where they are more prisma-

Fig. 81. tic. Rutile also occurs like the latter
figure ; and in both species three,
four, or more crystals are frequently
united. Hausmanite appears like fig.
81, in which the fundamental pyramid
Pprevails, on whose polar edges other
crystals are often very symmetrically
repeated, a central individual appear-
ing like the support of all the others.
Almost identical forms occur in cop-
per pyrites.

Inthe hexagonal system twin crys-
tals with parallel axes are common, as in cale-spar, chabasite, specular
iron, and other rhombohedric minerals. In calc-spar they often form
very regular crystals, the two individuals uniting by a plane parallel
to the base, so as to appear like a single crystal, as in fig. 82, where

D
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each end shows the forms R. - 4R, but in a complementary posi-

tion ; or in fig. 83 of two scalenohedrons R3 from Derbyshire. The

rthombohedric erystals of chabasite often appear intersecting each

other, like those of fluor spar in fig. 77 above. The purer varieties

of quartz or rock crystal in consequence of the tetartohedric character

of its crystallization often exhibit twins. In these the pyramid P
Fig. 82. Fig. 83. Fig. 84.

v
i
T
v
’).-_-_

separates into two rhombohedrons, P and 7, which, though geome-
trically similar, are yet physically distinct. In fig. 84 the two in-
dividuals are only grown together, but more commonly they penetrate
each other in an irregular manner, forming apparently a single cry-
stal. Twins with oblique axes are also common, the plane of union
being usually one face of the rhombohedron. Thus in calc-spar two
rhombohedrons are often joined by a face of —4R, the two axes form-
ing an angle of 127° 34'; occasionally a third individual is interposed in
a lamellar form, as in fig. 85, when the two outer crystals become
parallel. This latter arrangement is very common in the highly
Fig. 85. Fig. 86.

cleavable varieties of Iceland spar. When the crystals unite in a
face of the rhombohedron R, fig. 86, they form an angle of 89° &,
differing little from a right angle by which the occurrence of this law
is very easily recognised, espccially in prismatic varieties.

In the rhombic system, twin crystals with parallel axes are very
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rare, but those with oblique axes common, the plane of union being
one of the faces of the prism coP. Twins of this kind are very dis-
tinctly seen in arragonite, carbonate of lead, marcasite, the melane
or silver glance, mispickel, and other minerals. In arragonite
the crystals partly interpenetrate, partly are in mere juxtaposition,
as in fig. 87, where the individuals are formed by the combination
wP(M) . wPw *). Poo (k); andin figure 88, where several crystals
of the same combination form a series with parallel planes of union ; the
Fig. 87. Fig. 88. Fig. 89.

- N

I e
inner members being so shortened that they appear like mere lamellar
plates producing striz on the faces Peo and oPoo of the macle. In
figure 89 four crystals, each of the combination P . 2Pw, having
united in inclined planes form a circular group returning into itself.
The carbonate oflead often occurs in macles in all respects similar. In
staurolite individuals of the prismatic combination P . wPw . 0P,

combine either as in fig. 90 by a face of the brachydome 3P with
Fig. 90. Fig. 91.
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their chief axes almost at right angles; or as in fig. 91 by a face of
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the brachypyramid gf’s, the chief axes and the brachypinakoids (o) ot
the two single crystals meeting at an angle of about 60°. Finally, in
ﬁg.a 92 two harmotome crystals of the most common combination,
®Pw. wPw. P. Pw, intersect each other so nearly at right angles,
that their principal axes seem to coincide, and the brachypinakoid (¢)
of the one crystal (with rhombic striz) is parallel to the macropina-
koid (o) of the other. This seems the true interpretation of this some-
what difficult form.
Fig. 92. Fig. 93. Fig. 94.
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In the monoclinohedric system the most common macles are those
in which the principal axes and the chief sections of the two erystals
are parallel to each other, and consequently the principal axis also
the twin axis. Usually the two individuals are united by a face pa-
rallel to the orthodiagonal chief section, as in this figure 93 of gypsum,
where two crystals of the combination (0P ). «P. —P, shown in
fig. 63 above, unite so regularly that the faces of the pinakoids (P and
P') form only one plane. In a similar manner the augite crystals of
the combination P . wPw . (wPwx ). P, represented singly in fig.
64 above, are in fig. 94 united in a macle so very symmetrical and
regular that the line of junction cannot be observed on the face of the
clinopinakoid. ‘The two hemipyramids P (s) (like —P (7) in the gyp-
sum crystal above, form on one side a re-entering, on the other a
salient angle. Hornblende, wolfram, and other minerals exhibit a
similar appearance. In other cases the individuals partially pene-
trate each other, being as it were crushed together in the direction of
the orthodiagonal. This mode of union is not uncommon in gypsum,
and very frequent in the orthoclase and ryacolite felspars. Two ery-
stals of the former with the combination (wPwx) . wP . 0P . 2Pw,
as in fig. 65 above, are often pushed sidewise into each other as shown
in this fig. 95.

In the triclinobedric system some twin formations are of great im-
portance as a means of distinguishing the triclinohedric from the mo-
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noclinohedric species of felspar. In one variety the twin axis is

the normal to the brachydiagonal chief section. But in the tricli-

nohedric felspars this section is not, as it is in the monoclinohedric

species, perpendicular to the basis, and consequently the two bases

form on one side a re-entering, on the other a salient angle ; whereas
Fig. 95. Fig. 96.

in the monoclinohedric felspars (where the brachydiagonal chief sec-
tion corresponds to the clinodiagonal) no twin crystals can be pro-
duced in conformity to this law, and the two bases fall in one plane.
The albite and oligoclase very often exhibit such twins, as in figure
96, where the very obtuse angles formed by the faces of 0P, or P and
P (as well as those of 'P'oo, or z and ') are a very characteristic
appearance, marking out this mineral at once as a triclinohedric
species.  Usually the twin formation is repeated, three or more cry-
stals being combined, when those in the centre are reduced to mere
plates. When very numerous, the surfaces P and = are covered with
fine strie, often only perceptible with a microscope. A second law
observed in triclinohedric felspars, particularly the albite and labra-
dorite, is that the twin axis corresponds with that normal of the
brachydiagonal, which is situated in the plane of the base. In peri-

Fig. 97. cline, a variety of albite, these twins appear as

in fig. 97, where the two crystals are united

y by a face of the basal pinakoid P, whilst the
v‘»Vﬂ faces of the two brachypinakoids (37 and

M) form edges with very obtuse angles
(173° 22'), re-entering on the one side, and
salient on the other. These edges, or the line
of junction between A7 and A7, are also parallel
to the edges formed by these faces and the
base, or those between J/ and P. In this case
also the macles are occasionally several times
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repeated when the faces in like manner appear covered with fine
striee.
Irregular Aggregation of Crystals.

- Besides the regular unions now described, crystals are aggregated
in peculiar ways, to which no fixed law can be assigned, but which
are nevertheless very interesting in relation to the complete history of
the mineral kingdom. Some crystals, apparently simple, are composed
of concentric crusts or shells, either intimately united, loosely superim-
posed, or divided by a layer of dust or a thin film of some different ma-
terial. Such appearances are well seen in some large crystals of wolfram
from Zinnwald, and of pistacite from Arendal, in which shell after shell
may be removed from the surface, each leaving a smaller crystal like a
kernel, with smooth distinct faces. Some specimens of quartz from
Beeralston in Devonshire consist apparently of hollow hexagonal
pyramids of quartz placed one within another. In flnor spar a dark
blue rhombic dodecahedron is sometimes seen, as it were, imbedded
like a kernel in a cube of a pale green colour. Other minerals, as
apatite, heavy spar, and calc-spar, exhibit a similar structure, bands
of different colours being separated by planes parallel either to the ex-
ternal surface or to certain faces of the erystal. This structure seems
to have resulted from the process of crystallization having been occa-
sionally interrupted.

Many large crystals appear like an aggregate of numerous small
crystals, partly of the same, partly of different forms, all united in a
parallel position. Thus some octahedrons of fluor spar from Schlag-
genwald are found to be made up of small dark violet-blue cubes,
all in a parallel position, whose projecting angles give a drusy cha-
racter to the faces of the larger form. Such polysynthetic crystals,
as they may be called, are very common in calc-spar Breithaupt has
also shown that frequently distinct forms of different varieties of one
and the same mineral species, as, for example, cale-spar or heavy
spar, are aggregated in a parallel position. In this case, some change
must have taken place in the nature of the fluid, from which they
crystallized, causing the crystals subsequently produced to assume a
different form, colour, and specific gravity, though their formation was
still so far regulated by their first crystals that their axes are all pa-
rallel. Such erystals are said to be of a double or twofold formation.

A similar, but still more remarkable, formation is where two crystals
of distinct species are conjoined. Such unions of cyanite and stauro-
lite have been long well known, one face and axis of each mineral
being parallel. Breithaupt has described some interesting unions of
iron-glance and rutile, in which small crystals of the latter are so im-
posed on a large crystal of the fogmer, that the chief axis and certain
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planes of the rutile are parallel to the intermediate axes and certain
planes of the iron-glance, or six erystals of rutile radiate, as it were,
from a hexagonal face of iron-glance. The graphic-granite exhibits
a similar union between large felspar erystals, and many smaller ones
of mica and quartz. The cockscomb pyrites, a remarkable twin va-
riety of the rhombic iron pyrites or marcasite, is often sprinkled with
small crystals of the cubical pyrites placed in a determinate position
relative to the former. IHaidinger first recognized, in the so-called
smaragdite, of a grass-green colour from Bacher, a very common con-
junetion of hornblende and augite, in which lamell® of the two spe-
cies alternate, the chief axes and orthodiagonals of the different laminse
of each mineral being parallel, but those of the hornblende and angite
not parallel. The fine drusy covering of copper pyrites, sometimes
seen on fahl-ore and zinc blende, is also of a similar character ; on
the other hand, some erystals from Kapnik, which externally seem to
consist of blende, when broken contain a kernel of copper pyrites.
Forms of Crystalline Aggregates.—In the eases hitherto described,
the connection of two or more crystals has been regulated by certain
fixed and determinate laws. But in other instances, no such law can be
observed, and two or more individuals are conjoined apparently for no
other reason than their accidental formation in the same place. Many
ofthese aggregates, however, present veryinteresting characters. Three
varieties of them may be distinguished : one in which the individuals
canbe easily recognized, and have been able, at least partially, to crys-
tallize with freedom. In the second, the parts composing the mass
are still distinctly erystalline, but have nowhere formed free crystals.
In the third, the different parts are so minute, that even though they
may be crystalline in structure, yet this cannot be discerned, and they
have therefore been named crypto-crystalline. Where the parts are
still discernible, the aggregates differ according to their general con-
figuration. They are named granular when formed of grains, gene-
rally angular, but rarely rounded or flattened. The lamellar consist
of broad plates, which are tabular when of uniform thickness, lenti-
cular when becoming thinner on the edges, wedge-shaped when
sharpened towards one edge, and scaly when the plates are very
small. The third type is the columnar, in which the individuals are
drawn out in one direction more than in the others; the dacillary or
rod-like, in which the columns are of uniform thickness ; the acicu-
lar or needle-shaped, in which they are pointed ; and the fibrous, in
which they are very fine, being distinguished. In the broad-columnar
the columns are, as it were, compressed, or broader in one direction
than the other. The distinctions of large, coarse, small or fine gra-
nular ; thick or thin scaly ; straight, curved, or twisted columnar ;
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parallel, diverging, or confused fibrous ; and such like are either easily
understood or can only be explained by specimens.

Aggregates which have been able to crystallize, at least, with a
certain degree of freedom, have been distinguished by Mohs into
crystal groups and druses, the former including all unions of several
imbedded ecrystals, the latter those of crystals that have grown
together on a common support. In the groups, crystals with their
faces otherwise perfect are conjoined in various ways. Sometimes
they radiate, as it were, from a common centre, and produce sphe-
roidal, ellipsoidal, or other forms, frequent in gypsum, iron pyrites,
and other minerals imbedded in clay. Where many such masses
are united they are named dotryoidal when like bunches of grapes,
mammellated where the spheres are larger and less distinct, and
reniform or kidney-shaped where the masses are still larger. Some
groups are partially attached by a small point, but the mass generally
free.

Crystals are often gronped in rows or in one direction, forming, when
they are very small, capillary or hair-like, and filiform, thread, or wire-
like forms, which are common among native metals, as gold, silver,
copper, and bismuth, in silver-glance and a few other minerals. Some-
times the masses are dentiform, consisting of portions resembling
teeth ; as is very common in silver, a specimen of this kind from
Konigsberg in the collection at Copenhagen weighing four pounds.
Often these groups expand in several directions, and produce arbo-
rescent, dendritic, foliated, feathered, or other forms. These are very
common in native copper, some beautiful examples being figured by
G. Rose in his work on the Ural mountains. In these forms, how-
ever, a certain dependence on the crystallographic character of the
species may be observed. The lamellar minerals often form fan-
shaped, wheel-like, almond-shaped, comb-like, or other groups. The
fibrous types again are disposed in parallel or diverging bundles, or
in radiating, stellar, and other masses. Coralloidal, like coral, fruti-
cose, like cauliflower and other forms, have also been observed.

In druses, many crystals rise side by side from a common support,
sometimes only the granular mass composed of their united bases, at
other times some distinct body. The form of a druse is determined
by that of the surface on which it grows, and consequently is often
very irregular or wholly accidental. Where completely enclosed they
have been named drusy cavities, and when of a spheroidal form
geodes. A drusy crust again consists of a thin layer of small crys-
tals, investing the surface of a large crystal or of some other body.

The minute or cryptocrystalline minerals form similar aggregates.
Of these the globular or the oolitic is one of the most remarkable. In
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it the minute crystals often appear to radiate from a centre, or form
concentric crusts. In the well-known peastone from the hot springs
of Carlsbad, the mineral, a kind of arragonite, has usually collected
round a grain of sand, often of granite, which has been kept floating
about by the motion of the water till it became too heavy from the
accumulated matter. Somewhat similar are the stalactites and sta-
lagmites, in which the mineral, especially rock-salt, limestone, chalce-
dony, opal, limonite, has been deposited from a fluid dropping slowly
from some overhanging body. In this case the principal axis of the
figure, generally a hollow tube, is vertical, whilst the individual parts
are arranged at right angles to this direction. In other cases the mi-
neral has apparently been deposited from a fluid mass, moving slowly
in a particular direction, which may be regarded as the chief axis of the
figure, whilst the axes of the individual erystals frequently assume a
different position.

By far the largest masses of the mineral kingdom have, however,
been produced under conditions in which a free development of their
forms was excluded. This has been the case with the greater por-
tion of the minerals composing rocks or filling veins and dykes. The
structure of these masses on the large scale belongs to geology, but
some varieties of the texture visible even in hand specimens may be
noticed in this place. The individual grains or masses have seldom
any regular form, but appear round, long, or flat, according to circum-
stances, and as each has been more or less checked in the process
of formation. KEven then, however, a certain regularity in the posi-
tion of the parts is often observable, as in granite, in which the cleav-
age planes and consequently the axes of the felspar crystals are
parallel. Where these grains are all pretty similar in size and shape,
the rock is named massive when they are small, or granular when
they are larger and more distinct. Sometimes the rock becomes
slaty, dividing into thin plates ; or concretionary, forming roundish
masses ; at other times the interposition of some foreign substance
(gas or vapour) has rendered it porous, cellular or vesicular, giving
rise to drusy cavities. These cavities are often empty, but have
occasionally been filled by other minerals when the rock is named
amygdaloidal, from the almond-like shape of the inclosed masses.

Many of the above external forms appear also in the amorphous
solid minerals, in which no trace of individual parts, and consequently
of internal structure, is observable. They are not unfrequently dis-
posed in parallel or concentric layers, of uniform or distinct colours;
and may assume spherical, cylindrical, stalactitic, and other appear-
ances. As already stated, it is probable that many so-called amor-

E
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phous bodies consist of crystalline parts, though these are too minute
for our means of observation.

Pseudomorphism.—Closely connected with this subject and them~
selves of great interest are the psendomorphic minerals. These are
often very improperly named crystals, though only resembling them
in external form, and possessing none of their essential properties.
A better name would be crystalloids, indicating that the substance is
of one, whilst the form is that of another mineral species. One class
named hypostatic pseudomorphs have been formed by the deposition
of the new substance on the surface of the first mineral ; and that
either on its exterior surface (exogene), or in the interior (esogene), or
in both directions (amphigene psendomorphs). The first or incrusting
pseudomorphs sometimes retain the original crystal in the centre, co-
vered by arough or drusy surface of the second frequently not thicker
than paper. Occasionally the first crystal has been removed, and
nothing but the shell remains ; or a new deposition towards the in-
terior has taken place, often also leaving a drusy cavity within. At
other times the cavity has been filled by a distinct mineral species,
and the crust having been subsequently removed, an exact represen-
tation of the original erystal, but of a different substance, remains.
Such pseudo-crystals may be drusy in the interior, or show their true
nature from the individual parts being all turned in an inward direc-
tion. The existence of such pseudomorphous formations has been
denied by Haidinger and others, but probably without sufficient
reason, though the process is indeed somewhat complicated.

A more common variety of pseudomorph is where the new mineral
substance has gradually expelled the old, the same chemical process
that removed the matter of the original crystal having replaced it, as it
were, atom by atom, with another substance which has assumed its
exact form. The true nature of such bodies is shown by the internal
structure, having no relation to the external form or apparent system
of erystallization.

Somewhat diverse from these are those named metasomatic pseu-
domorphs, in which not the whole substance of the original crystal, but
only one or more of its elements has been changed, or the whole matter
has remained, but in a new condition. Thus arragonite crystals have
been converted into calc-spar, the chemical composition of both being
identical ; or gaylussite has been changed into cale-spar, andalusite
into eyanite, by the loss of certain elements. On the other hand, anhy-.
drite becomes gypsum, red copper ore malachite, by addition of new
matter. Or the elements are partially changed, as felspar into kaolin,
quartz or pearl spar into talc, iron pyrites or iron glance into brown iron
ore, azurite into malachite, augite into green-earth. Many other
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singular psendomorphs have been described, but these are sufficient
for our present purpose.

Haidinger gives the following somewhat different view and divi-
sion of pseudomorphs. The original crystal may be supposed sub-
sequently placed in a stream capable of effecting its decomposition,
which has removed certain clements, and left the remainder un-
dissolved in the form as on a filtre, or has brought others with it,
which were precipitated from the solution by the original matter
and either remained behind with this or in its place. On com-
paring the two minerals, the first, as known by its form, the second
as still observed, they may be considered as two pointsin an electro-
chemical series, from which we may determine whether the change
has caused oxidation or reduction, has been electronegative or elec~
tropositive.

The influence of the oxygen of the atmosphere produces in general
oxidized pseudomorphs, or those proceeding in an electronegative di-
rection, nearer the surface of the earth; the absence of this influence
reduced pseudomorphs, or those proceeding in an electronegative direc-
tion at greater depths. These two classesmay thus from their geognostic
position, be named anogene (from & upwards) and katogene (xorw
downwards), these terms also expressing their relation to the degree
of pressure, and to the galvanic poles, of which the zinc at which
oxygen is developed has the name of anode, the copper producing
hydrogen the kathode.

The following are a few examples of these two formations. In the
anogene, quartz following calc spar, or, as in some specimens from
Bristol, investing it as a erust. At Beeralston, Devonshire, hornstone
has followed after fluor spar, and at Kapnick, in Siebenburg, blue
chalcedony has the form of cubes of fluor spar. In the same class
are limonite or the oxyhydrate of iron in the place of the carbonate
or either of the two pyrites; malachite, as at Chessy, in place of the
azurite ; and calc spar after arragonite, as in the petrified wood from
Schlackenwerth in Bohemia. Of the katogene pseudomorphs, one of
the most common is gypsum or anhydrite in place of rock salt. Others
are prehnite after analcime (in the Kilpatrick hills), or after laumonite,
or natrolite ; brown spar or dolomite after calc spar; the uralite or
hornblende in the form of augite ; kaolin after felspar and some others.
In the kaolin a great part of the silica, the most electronegative ele-
ment, is wanting.*

The process of petrifaction of organic bodies is in reality a species

* See Landgrebe, Ueber die Pseudomorphosen im Mineralreich, Cassel 18413 Blum, die

Pseudomorphosen des Mineralreiches, Stuttgart, 1843, &c. Nachtrage, 1847, Haidinger in
Poggen. Ann. vol. Ixii. (1844) p. 161.
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of pseudomorphic formation, and has been produced in all the above
modes. External and internal casts of organic bodies are not un-
common, and the body being subsequently destroyed its place is now
either vacant or filled by some mineral substance. In others the
original substance has been completely replaced by some mineral
which has preserved not merely the external form, but even the
minutest detail of internal structure ; so that the different kinds of
wood have been distinguished in their silicified trunks. The most
common petrifying substances are silica and carbonate of lime. In
encrinites, echinites, belemnites, and other fossils, the crystals of the
latter often occur in very regular positions. Thns a single crystal
forms some particular part, as one of the spines of the cidarites, with
its axis parallel to that of the spine. Each joint of the encrinite
stems also consists of a single individual of cale spar with its axis
parallel to that of the stem, whether this is round or pentagonal.
In the latter case a cleavage plane proceeds from one of the horizontal
edges, and in the next joint from one of the neighbouring edges of
the pentagon, so that the calc spar crystals, their axes remaining in
a similar position, have yet been turned 72° round on each other.
This, though a regular position relative to the organism, is not a
macle formed by crystallographic laws. In some varieties of petri-
fied wood both the ligneous structure and the cleavage of the calc
spar are observable. ’

Different from the above are mineralized bodies, in which the ori-
ginal structure is still retained, but their chemical nature partially
changed. In these a complete series may be often traced, as from
wood or peat, through the varieties of brown coal, common coal, an-
thracite, and graphite, perhaps even to the diamond.
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CHAPTER IL
PHYSICAL PROPERTIES OF MINERALS.

The relations of the crystals and other aggregates described in the
previous chapter may be regarded ag the mathematical class of mineral
characters, depending simply on the form of the space occupied without
reference to the matter. The next branch, or their physical characters,
comprehends not only those properties derived from the nature of the
substance itself, as coherence, mode of fracture, elasticity, and density,
or specific gravity, but also those phenomena called forth in minerals
by the influence of some external power or agent, as their optical,
electric, or thermal relations ; and also other characters depending
on the personal seusation of the observer, on his taste, smell, and
touch. All these properties furnish useful characters in distinguish-
ing and describing mineral species, though the limits of this treatise
only allow us to point out those peculiarities which are of chief im-
portance, and which might not otherwise be readily understood.

Cleavage and Fracture.

Minerals are found to vary much in the degree of coherence ex-
isting among the parts of which they consist, and whilst some can
with difficulty be broken, others yield to the slightest blow. Even
in the same species cohesion varies in different directions, and there
are certain planes at right angles to which it seems to be at a mi-
nimum, so that the mineral separates along or paralle! to these
planes far more readily than in any other direction. This property
is named cleavage, and the planes thus formed cleavage-planes.
The latter are in general smooth and even, and exist in equal per-
fection in every portion of the crystal. They have also a very de-
finite position, and do not show any transition or gradual passage
into the greater coherence in other directions. The number of these
cleavage planes is altogether indefinite, and in some minerals, as
gypsum and mica, the only limit that can be assigned to their di-
visibility into lamins arises from the coarseness of our instruments.
This fact proves that these cleavage planes do not actually pre-exist,
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but are as it were called forth by the force applied to the mineral.
Hence it is improper to describe such minerals as composed or built
ap of laminse. These layers have no distinet existence in nature,
where we only find a tendency to divide parallel to certain planes,
as a consequence of which they are produced on the application of
force in the proper direction.

These minima of coherence or cleavage planes are always parallel
to certain faces of the crystalline forms, and equal similar minima
occur parallel to every other face of the same form. Hence they are
always equal in number to the faces of the form, and the figures pro-
duced by cleavage agree in every point with true crystals, except
that they are artificial and not natural. They are thus most simply
and conveniently described by the same terms and signs as crystals.
Some minerals cleave in several directions parallel to the faces of
different forms, but the cleavage is generally more easily obtained
and more perfect in one direction than in the others. This complex
cleavage is seen in calc-spar, and fluor spar, and very remarkably in
zinc blende, where it takes place in no less than six directions. As
in each of these the division may be indefinitely continued, it is clear
that no lamellar structure in any proper sense can be assigned to the
mineral. All that can be affirmed is, that contiguous atoms have
less coherence in the normal of these planes than in other directions.
The common cleavage in the different systems is as follows, those of
most frequent occurrence being put in italics. (1.) In the tesseral,
Octakedric O along the faces of the octahedron ; Hezahedric ©QOw,
along those of the cube; and Dodecahedric Q. (2.) In the tetra-
gonal system, Pyramidal P, or 2P ; Prismatic, ®P or wPw» ; or
Basal OP.  (8.) In the hexagonal system with holohedric forms, Py-
ramidal P or P2 ; Prismatic, P or w2 ; or Basal, 0P ; with rhombic
hemihedral forms, Rhombohedric, R ; Prismatic, R ; or Basal, OR.
(4.) In the rhombic system, Pyramidal, P ; Prismatic, P ; Makro or
Brachydomatic Peo or Pow ; Basal, OP ; Macrodiagonal, wPw ; or
Brachydiagonal, «Pw. (5.) In the monoclinohedric system, Hemi-
pyramidal, P or —P ; Prismatic, P ; Clinodomatic, (Peo ) ; Hemido-
matic, Poo or —Poo ; Basal, OP ; Orthodiagonal, ®Pw ; or Clinodia-
gonal, (xPw). (6.) In the triclinohedric system, Hemiprismatic,
P’ or «’P ; Hemidomatic either along the macrodome or brachy-
dome ; Basal, OP ; Macrodiagonal, wPw ; or Brackydiagonal,co Peo .

Minerals differ much in the more or less facility of their cleavage,
which in some is readily procured, in others only with extreme diffi-
culty. The planes produced also vary much in their degree of per-
fection, being Aighly perfect, as in mica and gypsum ; very perfect
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in fluor spar, barytes, and hornblende ; perfect in augite and cryolite ;
imperfect in garnet and quartz ; or very imperfect where it is scarcely
perceptible. The latter is chiefly marked by the reflection of a strong
light from small dispersed points on the fractured surface. In a very
few crystalline minerals cleavage planes can hardly be said to exist.
Cleavage must be carefully distinguished from the planes of union in
twin crystals, and the division planes in the laminar minerals.

‘When a mineral breaks in a direction different from the cleavage
planes it forms fracture surfaces. These are consequently most
readily observed when the cleavage is least perfect, whereas in minerals
that cleave very easily, in several directions a true fracture surface
can hardly be obtained. The form of the fracture is named conchoidal,
when composed of concave and convex surfaces like shells; even
when nearly free from inequalities ; or unevern when marked with
numerous irregular elevations and depressions. The character of the
surface is smooth, when it extends uniformly with few asperities;
splintery when covered by small wedge-shaped splinters adhering by
the thicker end, a form most perceptible in pellucid minerals where
the thinner parts are lighter coloured ; Aackly, when covered by small
slightly bent inequalities ; or earthy when it shows only fine dust or
sandy parts.

Hardness and Tenacity.

The hardness of minerals, or their power of resisting any at-
tempt to separate their parts, is also an important character. It
appears, however, to differ considerably in the same species, ac-
cording to the direction in which we attempt to scratch the crys-
tal and the surface on which the trial is made. Hence its accu-
rate determination is difficult, and the utmost that can usually
be obtained is a mere approximation found by comparing different
minerals, one with another. For this purpose Mohs has given the
following scale. )

1. Tale, of a white or greenish colour.

2. Rock-salt, a pure cleavable variety, or semitransparent uncrys-
tallized gypsum, the transparent and crystallized varieties being gene-
rally too soft.

3. Calcareous spar, a cleavable variety.

4. Fluor spar, in which the cleavage is distinct.

. Apatite, the asparagus stone, or phosphate of lime, from Saltzburg.
. Adularia felspar, any cleavable variety.

. Rock-crystal, a transparent variety.

. Prismatic topaz, any simple variety.

. Corundum from India, which affords smooth cleavage surfaces.

The Diamond.
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56 TENACITY.

To these Breithaupt has added two other degrees, by interposing’
foliated mica between 2 and 3, and scapolite, a crystalline variety,
between 5 and 6. The former is numbered 25, the latter 5°5.

To ascertain the hardness of a mineral, first try which of the mem-
bers of the scale is scratched by it, and in order to save the specimens,
begin with the highest numbers, and proeeed downwards, until reach-
ing one which is scratched. Next take a fine hard file,” and draw
along its surface, with the least possible force, the specimen to be
examined, and also that mineral in the scale whose hardness is im-
mediately above the one which has been seratched, in order to com-
pare them together. From the resistance they offer to the file, from
the noise occasioned by their passing along it, and from the quantity
of powder left on its surface, their relative hardness is deduced. If the
two specimens afford the same degree of noise and resistance, and the
same quantity of powder, their hardness is the same. When, after
repeated trials, we are satisfied to which member of the scale of hard-
ness the mineral is most nearly allied, we say its hardness (suppose.
it to be felspar) is equal to 6, and write after it H = 6'0. If the
mineral do not exactly correspond with any degree of the scale, but
is found to. be between two of them, it is marked by the lower with a.
decimal figure added. Thus, if more than 6 but less than 7, it is ex-
pressed H = 6'5. In these experiments we must be careful to em-
ploy specimens which nearly agree in form and size, and also as much
as possible in the shape of their angles.

Closely allied to hardness is the tenacity of minerals, of which the.
following varieties have been distinguished. A mineral is said to be
brittle, when, as in. quartz, on attempting to cut it with a knife, it
emits a grating noise, and the particles fly away in the form of dust.
Tt is sectile or mild when, as in galena and some varieties of mica, on
cutting, the particles lose their connection in a considerable degree ; but
this takes place without noise, and they do not fly off, but remain on the
knife. And a mineral is said to be soft or ductile when like native
gold it can be cut inte slices with a knife, extended under the hammer,
and drawn into wire. From tenacity it is usual to distinguish frangi-
bility or the resistance which minerals oppose, when we attempt to break
them into pieces or fragments. This property must not be confounded
with hardness. Quartz is hard, and hornblende comparatively soft ;
yet the latter is much more difficultly frangible than the former.
Flexibility again expresses the property possessed by some minerals,
of bending without breaking. They are elastic like mica, if when
bent they spring back again into their former direction ; or merely
flexible when they can be bent in different directions without break-
ing, but remain in their new position, as gypsum, talc, asbestus, and
all malleable minerals.



SPECIFIC GRAVITY. 57

Specific Gravity.

The density or the relative weight of a mineral, compared with
an equal volume of pure distilled water, is named its specific gra-
vity. This is a most important character for distinguishing mi-
Fig. 98. nerals, as it varies considerably in dif-
ferent species, and can be readily as-
certained with much accuracy, and, in
many cases, without at all injuring the
specimen. The whole process consists
in weighing the body, first in air, and
then immersed in water, the difference
in the weight being that of an equal bulk.
of the latter fluid. Hence, assuming, as
¥ is commonly done, the specific gravity
of water to be equal to 1 or unity, the
specific gravity (G) of the other body is
L P4 equal to its weight in air (w), divided

“ Dby the loss or difference (d) of weightin

o water (or G = '(—';). One of the sim-

plest and most portable instruments for
finding the specific gravity is the areo-
meter of Nicholson, fig. 98. It con-
sists of a hollow cylinder C D, loaded at
D with lead, so as to float upright in
water at about the depth of F ¥. There is a cup at C, and another
connected by a wire with the cylinder, at A, in which any body may
be placed. In using this instrument, weights are first placed in A
till it sinks in the water to the normal point marked B on the wire.
The mineral is then placed in A, and the point B again brought to coin-
cide with the surface of the water, by removing a portion (w) of the
weights in A, which of course gives the weight of the specimen in the
air. It is then removed to C, and the weight (d), which must now
be added to that in A to bring the point B to the surface of the wa-
ter, is equivalent to the weight of this fluid which the mineral has
displaced, and the specific gravity is found by dividing the second
(w) by the third (d) as above. A delicate hydrostatic balance gives.
the gravity with far more accuracy ; and even a good common bal-
ance is often preferable. The mineral may then be suspended from
one arm or scale by a fine silk thread or hair, and its weight ascer-
tained first in the air and then in water.

There are a few precautions necessary to insure accuracy. Thusa
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