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PART II.

OF GEOLOGY.

INTRODUCTION.

oJ. .._ .

.:.-.::...-.--...... ~

...-..
.. .---

THE Earth is one of eleven bodies called planets, which
revolve round the sun. Its mean distance from that luminary
is 93,595,000 English miles; its mean diameter is 7,912
miles; and its mean circumference 24,856 miles. It com­
pletes its diurnal revolution in 24 hours; and its annual revo­
lution in 365 days, 5 hours, 48 minutes, and 51 secondse
One satellite or attendant body, the Moon, 2,180 miles in
diameter, revolves round the earth in 29 days, 12 hours, and
44 minutes, at a mean distance of 475,000 English milese
The moon, like the earth, exhibits a surface of mountains and
valleys. But it can have no atmosphere, or at least the den­
sity of its atmosphere can only be 3'1flu,nth of that of the earth;
80 that it can only support a column of mercury 0·006 inch
in height, which is considerably beyond the highest vacuum
that can be produced in our best constructed air pumps.

The earth is not a perfect sphere but an oblate spheroid, or
sphere flattened at the poles. The amount of the compres­
sion is such, that the equatorial diameter exceeds the polar
diameter or azis by about 25 miles; or the one is to the
other very nearly as 312 to 311.

The centrifugal force arising from the revolution of the
earth round its axis, which obviously tends to dilate the equa­
torial parts, led Newton to infer the oblate or compressed
figure of the earth, before it had been ascettained \)'j a~\ui\

measurement. He calculated the ellipticity hom. U\~ot., \\.\
II. B
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thth of~;~ which is almost i d greater than the truth.
A homog~Iiebus fluid body of the mean density of the earth,
and ll!a1tiQ~ its diurnal revolution in the same time, would in
fact.4i.at.e the proportions which Newton supposed, and the
ellipti.c1ty in that case would be a maftmum.
.••~ut if the earth, instead of being homogeneous, increase in

. ·4~Qiity 88 we approach the centre, the compression in that
•.: ~·~e is not so great. Mathematicians have shown, that if the
'.::. -density were to increase so 88 to be infinitely great at the
.•. - centre, the ellipticity in that case would be a minimum, and

would amount only to rllf.
From the observations made at Schechallian by Dr. Maske­

lyne, it has been shown by Dr. Hutton, that the mean spe­
cific gravity of the earth is not under 4-75. Now, the mean
density of the extemal surface of the earth (to which alone
we have access) is not so high as 2-75; so that the mean
density is nearly twice as great as that of the surface. Hence
it is obvious that the specific gravity must increase as we
advance from the surface towards the centre. If we suppose
the specific gravity of the centre about 12, and that the spe­
cific gravity increases nearly regularly from the surface to the
centre, we would obtain a mean specific gravity nearly equal
io that of the earth. If this supposition be well founded, the
figure of the earth is a spheroid of equilibrium. The ellipti­
city of such a spheroid would be intermediate between that of
a homogeneous globe and that of a globe having an infinitely
high specific gravity in the centre. Now, 88 this accords with
fact, we are entitled to infer that the earth approaches very
Dearly to a spheroid of equilibrium, if it does not, as is more
probable, coincide with it entirely.

It is evident, that whatever causes gave this oblate figure
to the globe, have acted upon the solid as well 88 the lluid
part,. The land, in a general point of view, is as much
elevated at the equator as towards the poles. But, since
the equatorial regions are 12 miles farther from the centre
than the parts at the pole, it is obvious, that if the solid
nucleus of the globe were a true sphere, the sea would be
accumulated by the centrifugal force in the equatorial region.,
which would have been completely submerged while the polar
regions would have been left dry and elevated many miles
above the level of the waters. The ocean would have formed
a broad and deep zone round the equator, separating the two
contiDeIlts encircling the poles.
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The figure of the earth shows that the whole globe was
originally fluid. At the time of its consolidation, it must have
had the same axis that it has at present. Hence those geolo­
gists, who, about the middle of the 18th century, accounted'
for the fossil remains of animals and plants belonging to the
torrid zone in Siberia and other frozen regions of the globe,
by supposing that the axis of the earth may have changed
its position, have started an hypothesis inconsistent with
the mathematical constitution of the globe, and therefore
erroneous.

Laplace was of opinion, that the precession of the equi­
noxes and the nutation of the earth's axis, indicate a gradual
increase of specific gravity from the surface to the centre.
This is the way that the materials would have arranged them­
selves, on the supposition of their having existed in a state of
liquidity. The heaviest would occupy the centre, and the
rest would arrange themselves in the order of their specific
gravity. Now, the only bodies known to us as possessing a
specific gravity equal to 12, or that of the central nucleus, are
certain metallic bodies. Does this circumstance warrant the
conjecture that the central parts of the earth are composed of
metallic bodies, and give probability to the opinion of Bec­
cher, that the veins of metallic ores found near the surface,
are minute offsets from these central proportions?





Mean Te",peralure.
81°-5
81 -5
82 -58
83 ·48
82 ·22
81 ·5
80·96
78 ·98
79 -52
78 -80
80 -78

OF 1·HE TEMPERATURE OF THE EARTH.

THE mean temperature of the air, overland, nearly on a level
with the sea at the equator, is reckoned by Humboldt 81°.5.­
The mean temperature of latitude 45° in Europe is 56°. At
the pole, judging from the observations of Parry, the mean
temperature cannot exceed -13°.t

The mean temperatures of places in Western' Europe, differ
very considerably from those on the Eastern side of America
and of Asia. This will appear evident by inspecting the fol­
lowing table :-

• It would appear that the temperature of places in the torrid ZODe, differs
a little acCOrdiDg to situatioD. The fonowing table of Boussiogault, drawn
up partly from his own observatioDs and partly from those of Humboldt
and Captain Hall, shows this :-

PotU. Latitude.
Cumua, 10°,27' N.
La Guayra, 10 87
Rio Hacha, 11 40
Sta Marta, 11 15
Barranquilla,. 11 0
CarthageDa, _ 10 25
Panama, 8 58
Tumaco, 1 40
Esmeraldas,. 0 55
Guayaquil, 2 11 S.
Payta, 5 5 S.

See Ann. de Chim. et de Phys. liii. 235.
Bouasingault found, that in the torrid zone, the earth, a foot below the

surface, P088eSled the mean temperature of the year. .
t The following mean temperatures have beeD deduced from the observa­

tions of Parry and Franklin :-

Melville Island,
Port Bowen,

.. Igloolik,
Winter Island, .
Fort EDtCrprizC,

Latitude.

i4°f
73 i
69 *
66 t6.. i

M'un Temperature.
-lol Parry.
+4 Do.
+7 Do.
+9 i Do.+15i Franklin.
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P1aceI. I SltuatioD. I Latitude. IT_=ura
Enontekis and moo, I Lapland,

I
66° to 68° I}S2O

Table Bay, Labrador, 54°

Stockholm, ISweden, 60° 41St. George'. Bay, Newfoundland, 48°

Belgiom, IEurope, 51° I 50BOlton, America, 42° 30'

'Rome and Florence,IItaly, 43° 59Raleigh, Ca.rolin&, 86°

Pekin, IAsia, 39° 54' 55 I

In the torrid zone the mean temperature of the surface of
the sea is higher than that of the atmosphere_

Perrings found it 82°·76
Quevedo, 83 ·48
Chornea, 83 -66
Rodman, 83-84
Humboldt, 84 -74
Mean, 83·7

Or, about two degrees higher than that of the air.-
In the immense valley of the Mississippi to the west of the

Allegany mountains, the mean temperatures are nearly the
same as in the corresponding latitudes on the Atlantic; but
the winters are not so cold nor the summers so hot. The
mean temperatures of the west coast of America appear to
correspond with the mean temperatures of the western parts
of Europe.

The following table, drawn up by Humboldt, exhibits the
mean temperature of winter and summer in places having the
same mean annual temperature; it shows the great diversity
which exists in this respect in different parts of the earth:-

• At great depths even in the torrid zone the temperature of the water
is low. Thus, Captain Foster found the temperature of the Atlantic near
the equator BO° at the surface, and 44° at the depth of 400 fathoms.
(Webster's Narrative, Vol. i. p. 27.) Off Cape Horn, on the 2d January,
1829, the temperature of the surface of the sea was 39°, and at the depth
of 900 fathoms 34°. (Ibid. p. 134.) .
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Latitude LoDlil..~, 'l\lotlon.

290 30' •• 20"5 W,
32 31 19 6t
36 48 .9 23

63 '5 32 30 92 sippi 46 '4 11
40 50 12 Italy 60 17

3 30 [g0IU~"" 3 '2 11 '9
69 43 30 44 '6 7 '21to 2 E, Frnii

3 80 86 01 W,
40 76 21

64 ' " 10 3 43
45 SO 7 9
40 113 01

41 20 31

" 30 13 21

50 62 30 9 9
63 30 3 9
61 0 9
40 lI3 61

.4 \I 73 29

45 '5 61 .. 8
65 40 10 24
63 b 19 9

47 73 21
611 45 7 9

41 60 30 16
60 22 9
68 30 34 9

50 73 61 6 '8 60 '8
:; '6 6\1 30 Ib 17 '6 57 '\I

62 5 20 9 16 '7 59

63 59 51 3 '2 51 -
32 65 17 39 11 -8 53 '6

71 23 9 23 '9 4 '7
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The temperature of the southern hemisphere is nearly the
same 88 that of the northern, from the equator to the latitude
of 40°.· Beyond that the mean temperature perhaps does not
differ much from that of the corresponding northern latitude.
But the summers are much colder, while the winters are 88

much milder. This is owing to the great preponderance of
sea over land in the southern hemisphere.

The preceding remarks apply only to the temperature of
those parts of the earth that are nearly as low as the surface
of the sea; but as we ascend into the atmosphere the tem­
perature constantly diminishes, so that even in the torrid zone,
at a certain elevation, we come to the region of perpetual
congelation. The cause of this diminution of temperature
is the expansion of the air in proportion to its elevation,
which occasions an increase in its capacity for heat and a
consequent lowering of its temperature. This diminution
is partly counteracted by large masses of earth, which com~

municate heat to the air. Hence in extensive table-lands
the temperature is not quite so low as it would be if the
air were at a distance from the surface of the earth. This
is probably the reason why the temperature in Mexico and
in Peru diminishes according to the observations of Humboldt
only one degree of Fahrenheit for every 495 feet of elevation;
while in this country, according to the observations of Dr.
Hutton of Edinburgh, the diminution amounts to 1° for about
268 feet of elevation. He kept a thermometer on the top of
Arthur's Seat and another at Leith, near the level of the sea,
for three years. The mean difference between the two was
about 3°, and the height of Arthur's Seat, above the level of
the sea, is very nearly 803 feet.

How far the temperature of the earth has remained penna­
nent, or whether it has undergone any alteration since the
commencement of history, is a question which cannot easily
be determined. From the account of the climate near the
Black Sea, given by Ovid in his Tristia, and from various
passages in the ancient Roman writers, it has been inferred
by some that the climate is milder now, at least in Europe,
than it was about 2000 years ago. Others have drawn a

• The mean temperature at Paramatta, in New South Wales, as de­
termined by Sir Thomas Brisbane, is 610 -*_ That of the Cape of Good
Hope is 6r. The mean summer temperature is 76°, and the mean
winter temperature 60.t

t Webster'. Narrative of Foater'. Voyage, Vol. i. p. 316.
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contrary conclusion from observations, which, however, are
far from conclusive. A fortunate accident has demonstrated
that the climate of Italy has undergone no sensible alteration
during the course of the last two centuries. The Academy
del Cimento, which may be said to have terminated its scien­
tific labours about the year 1667, contrived a thermometer,
which was reduced to Fahrenheit's scale by Dr. Martine.·
In the year 1829, Signor Libri of Florence found a consider­
able number of these original alcoholic thermometers of the
Academy, and was thus enabled to verify the reductions of
Dr. Martine.t By a fortunate accident some registers of the
weather kept by Raineri, a pupil of Galileo for 16 years, were
discovered. By the discussion of these, with a knowledge of
the true scale, Signor Libri has been able to show that no
sensible change has taken place upon the climate of Florence
between that period and the present, though the contrary had
been suspected_t

M. Arrago has demonstrated that during the last 2000 years
the temperature of the earth cannot have varied so much as
!th of a degree, otherwise the length of the day would have
altered, which is not the case.

When we dig to a certain depth below the surface of the
ground, we come at last to a situation in which if the bulb
of the tbermometer be put, it remains unaltered during the
whole year. The heat at this depth is considered as repre­
senting the mean heat of the place at the surface of the ground.
The bottom of the cavern under the Observatory of Paris is
about 90 feet below the surface of the ground. A thermo­
meter placed in it varies only about 13th of a degree during
the whole year from 52°, which is the mean temperature of
Paris.
· Lambert, in his Pyrometry, published in 1779, gives a set

of observations made by M. Ott, in a garden near Zurich, i~

Switzerland. The observations were made with seven ther­
mometers, the bulbs of which were sunk respectively 0·266
foot, 0-5325 foot, 1-065 foot, 2-13 feet, 3·195 feet, 4-26 feet,
and 6-39 feet under the surface of the ground. The following
table exhibits the result of these observations, which were
continued for four years :-§

• Martine's Essays, p. 38. t ADn. de Chim_ et de Phys. xlv. 354.
t Forbes' Report OD Meteorology, p. 209.
§ AnD. de Chim. et de Phys. viii. 214.
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Depth or 'Mean
heilbt or Minimum beilbt. Maximum hei.bt. Variation.BulbI. TbenDo.-

Feet.
0-266 50°·72 300·92 Feb. 67°·1 July. 36°·18
0·5325 48·74 32 -36 Feb. 63 ·86 July. 31 ·5
1·065 48·92 34·7 Feb. 63·7 July. 29·0
2·13 48·92 36 ·14 Feb. 60 ·98 July & Aug. 2{'·84
3·195 '9·46 87 ·04 Feb. 61 ·84 August. 24 ·3
4·26 50·18 39 ·92 Feb. 60 ·98 August. 21 ·06
6-39 50-90 41 ·9 Feb. & Mar. 59 ·36 Aug_ & Sep. 17 ·46

It is obvious that the mean temperature in these observations
slowly increases as the bulb of the thermometer is sunk farther
under the surface of the earth, and that the annual variation
diminishes so much that at 6-39 feet under the surface it does
Dot amount to half of what it is at 0·266 foot under the
surface.

A set of similar observations was made in the garden of
Mr. Ferguson of Raith, near Kirkaldy, in Scotland, in North
latitude 56° 10', during the years 1815, 1816 and 1817.
Four thermometers were employed, the bulbs of which were
respectively 1 foot, 2 feet, 4 feet, and 8 feet below the surface
of the ground. The following table shows the results :-.

Deptb of "Mean Xlnlmum. Whea reached. MaxlmUlDI.::~ Variation.Bulbi. height.----
I foot 45°·5 S3° 30th Dec. 58° 18th July. 25°
2 feet 46·5 S6 4th Feb. 56 24th July. 20
4 feet 46·5 39 11th Feb. 5{' 2d Aug. 15
8 feet 46·75 42 16th Feb. 511 12th Sept. 9 1

~

The years of observation happened to be colder than usual.
Hence the mean was below that of the atmosphere at Kirkaldy,
which is 47°-7. The variation diminishes as the thermometers
are sunk deeper, and the time of the minimum and maximum
is farther distant from the winter and summer solstices accord­
ing to the depths.

A set of observations on this subject has been lately made
by M. Gerhard in Prussia, between North latitude 500 and
51°~. He took advantage of the shafts to coal and other
mines in that country, and placed the bulbs of his thermo­
Dl~ at some little distance from these shafts (when possible),

• Lcslic, article Climate, in Supplement to Encyc10ptedia Britannica,
6th edition. Vol. iii. 179.
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and covered with earth to exclude, as far as could be dooe,the
action of the air. The following table exhibits the results:--

Height or do.
Depth of

Therm. un. Mean AnDualN.... of PIaceI. aboye the ... der lurtace temperature YUiatloD"in reeL In teet.

Robeabaf\, near Tor-l 1062 I 34 I 46°"08 I 2°"25 IJDOwitz, in Dalomate-

Annashaft, coal mine
914"8 47"8 46 "19 10 "125

1
2by Czernitz_

Coal mine near Biela- 1026-75 29"3 I 46 -37 2 "8 I~chowitz_

Catherineshaft, coal 930·9 35-5 47 "04 6 -75 4mine by Ruda_

Frahlicheranblick,cop. 1519"7 67-5 44 "46 2 -25 5per mine_

Gotthillshaft, LObe- 3026"7 58"15 48 -72 6 -19 6jiine, coal mine_

Shaft ~, copper elate,~I 34 47 "93 1 "8 7Dear Eweben.

Gopelehaft coal mine, I 694-7 ~ 47 -23 o -83 8Trappe.

Josinuhaft coal mine,
264"97 30"78 48 "31 12 "6 9near Wetter_

~ggelweger, sparry 1414-32 34 45 -14 5 -29

1

10U"onstone_

Luftshaft coal mine,
319"8 27-37 I 47" 91 3 -371 IIIHerzogenrath_

The great difference in the height of the localities in this
table above the sea, prevents us from seeing whether the tem­
perature increases as we descend, as it does in the observa­
tions at Raith. The great inequality of the annual variation,
from 0-83° to 12°·6, shows that the thermometers were not
completely excluded from the action of the air, as they were
at Raith; had they been 80 the variation at the depth of 67-5
feet would have been almost nothing. The variation of the
thermometer (No.8,) at 28·2 feet below the surface was only
0·83°, while that of No.9 at SO·78 feet was 120 -6. The

• Pogg(~ndorf'8 Annalen, xxi\. "91.
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former must have been much more completely screened from
the action of the air than the latter.

It is obvious from the preceding observations that at a cer-
tain depth below the surface, which does not seem much to
exceed thirty feet, the thermometer remains unaltered during
the whole year, and exhibits the mean temperature of the air
at the surface of the ground in that locality. Hence the mean
temperature of a place may be determined by that of springs
flowing from a certain depth (not less than thirty feet) nnder
ground. The wells at New York vary from 32 to 40 feet in
depth, and, according to Dr. Nooth, the mean annual varia­
tion of their temperature is 2°, namely, from 54° to 56°;­
this would make the mean temperature of New,\"ork 55°.
Dr. J. Hunter informs us that the temperature of the wells at
Brighton vary from 50° to 52°;t this would make the mean
temperature of the air in that part of England 51°. Now, the
mineral spring at Tunbridge wells, at no great distance from
Brighton, is always of the temperature of 50°, at least I have
observed it at that temperature both in winter and in summer.
The great Brennerei spring at Upsala has an annual variation
of 0·34°, and its mean temperature is 44°·07, which is the tem­
perature of the air in that part of Sweden.t The temperature
of a spring at Mehedi on the river Dal in N.lat. 600l is con­
stant at 42°·26,§ which must be the mean temperature of tbe
place. That of a spring at Medelsped in N. lat. 6~·5 is
39°·2, indicating the mean temperature of that place. II At
Umeo in N. lat. 64° the constant temperature of a spring was
37°·22.~

The following table exhibits the mean temperature at
various heights in the Carpathian mountains, determined by
Wahlenberg·. from the heat of springs:-

Heigbt in feet aboye Mean tem-
the lea. perature.
1781 45~23

3617 40·19
Thus it appears that at a certain depth below the surface

of the earth a thermometer indicates the mean temperature
of the air on the surface. It would seem that this depth is
not much more than 30 feet, and probably no great increase
of temperature is observed at the depth of 60 feet, or even a
little more. But when we penetrate to a greater depth below

• A. quoted by Hunter; Phil. Trans. 1788, p.53. t Ibid.
t Annals of Philosophy, iVa 23. § Ibid. p. 102. 'II Ibid. p. lOa.
, Ibid. p. 107. •• Ibid. vol. ix. p. 140.
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667

590

Depth in Feet.

o
16

121
239
269
298
361
479

the surface the temperature becomes higher than the mean of
the place, and the elevation of the thermometer increases as
the depth augments. This remarkable rise has been observed
in all mines in which observations have been made.

Mines are generally situated in veins which usually dip
down in one direction while they rise to the surface in another.
In following such a vein the mine necessarily gets deeper
and deeper. Mines 1000 feet below the surface are not un­
common; indeed, several of the Cornish mines are sunk to a
depth of not less than 1500 feet. In such mines a constant
rise of temperature is observed as we descend. Thus, at the
bottom of Dalcoath mine, near Redruth, at a depth of 238
fathoms, the constant.temperature is 84°, while the mean tem­
perature of that part of Cornwall does not exceed 51°. A
similar elevation of temperature has been observed by Mr.
Fox in many other Cornish mines. Mr. Bald has made a
similar observation with respect to the coal mines at New­
castle, most of which exceed 100 fathoms in depth. We
are informed by Daubuisson that the same rule holds good in
the mines of Freyberg in Saxony and of Brittany in France.
Humboldt found the mines of South America in precisely
the same predicament. Cordier made similar observations
respecting the coal mines in the south of France, and Gerhard
of those in Prussia.

I. The following tables exhibit the observations made on
the Cornish mines by Mr. R. W. Fox :_e

1. Hue/, Abraham-December, 1815.
Temp. of Air and WatfT.

50°
52
57
61
62
63
63~

64
~ Air, 66
~ Water, 64
5Air, 68
t Water, (\(\

• Ann. de Chim. et de Phye. -s\\\. '200 ..
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961

769

1079

7441

1141~

Depth in Feet. Temp. or Air and Water.

SAir, 70
l Water, 68
SAir, 71j
l. Water, 781
SAir, 70
~ Water, 74
SAir, 74­
~ Water, 74
SAir, 74
~ Water, 74

1200J SAir, 78
I l Water, 78

Here tbe temperature (with some remarkable irregularities)
augments by a descent of 1200 feet 28°, which is 1° for every
48 feet.

2. United Mine8-Mall, 1819.
Depth In Feet.

o
272!
892
810
961

Temperature.

Air, 58°1
Air, 56
Air, 70
Air, 70
Air, 68
Air 78

99°1 {W~ter, 74
Here in a depth of 990l feet the temperature augmented

15°l, or }o for every 64 feet of depth. The anomalies are
striking. The temperature at 272! feet deep is less by 2°
than at the surface; while in the next 120 feet it augments
by Ir. In the next 418 feet there is only an augmentation
of~, and in the next 150 feet there is a diminution of 2°;
the temperature at 392 feet being 2° higher than at 961 feet.

3. DolcoatA Mine-October, 1815.
Depth in Feet. Temper. or Air.

o 6~

420 62~

951 70
1020 71
1079 71·5
1171 74
1230 74

1381 ~ Air, 80
l WatQ " Q9
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Here in a depth of IS81 feet the temperature increases
18°, or 1° for every 77 of descent. The same anomalies are
observable as in the last mine. For the first 420 feet there
is only an increase of temperature amounting to half a degree;
while for the next 531 feet there is an increase of 9°1.

4. Tincroft Mine-May, 1819.
Depth in Feet. Temperature of Air.

1671 53°
331t 52
439l 54
5531 56
659! 62
767 1 SAir, 82

• l. Water, 59
Here a descent of 600 feet occasioned aD augmentation of

9° of temperature, or }O for every 66J feet. The same kind
of anomalies are perceptible. But this mine had been
recently over1lowed with water.

5. Cook', KitcAen-Mall' 1819.
Depth in Feet. Temperature or Air.

167~ 500
298l 55
420 57
553l 57
6S9~ 62
7671 68~

882i 64
1020 69
1121s SAir, 69

4 ~Wate~ 68
Here a depth of 954 feet occasioned an augmentation of

the temperature amounting to 19°, or 1° for every 50 feet of
descent. Similar irregularities occur here as in the other
Cornish mines. This mine also had been recently inundated.

II. Mr. Bald made a similar set of observations on various
coal mines in the north of England. The following tables
exhibit the results which he obtained:.-

• Edin. Phil. Jour. i. 134.
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1. WhiteAaven Coal Mine, CumlJerland.

TemP"'atu~.

Air at the surface, • 55°
A spring at the surface, 49
Water at the depth of 480 fee~ • 60
Air at same depth, .• 63
Air at depth of 600 feet, 66

Here at a depth of 480 feet the temperature augments
11 0

, or 1° for 43 feet of descent.

2. Workinglon Coal Mine, Cumberland.

Air at surface, • 56°
Spring at surface, 48
Water at depth of 180 feet, 50
Ditto at 504 feet depth, 60

Here the augmentation of temperature in a descent of
504 feet is 12°, or 1° for 42 feet.

3. Teen Colliery, DurAam.
Air at pit bottom 444 feet deep in a

country little elevated above the sea,. 68°
Water at same depth, 61
Water at surface, 49

Here the depth of 444 feet produced an increase of tem­
perature amounting to 12°, or 1° for every 37 feet of descent.

4. Percy Main Colliery, Northumberland.

Air at surface, 42°
Water about 900 feet below the bed of

the sea, under the Tyne, 68
Air at same depth, . 70
Water at surface, 49

Here a depth of 900 feet occasioned an augmentation of
temperature of 19°, or 1° per every 47 feet of descent.

5. Jarrow Colliery, Durham.
Air at surface, 49°~

Water 882 feet below the surface, 68
Air at same depth, 70
Water at surface, 49

Here the elevation of temperature for a descent of 882 feet
was 19°, or 1° for every 46 feet.
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6. Killingworth Colliery, NortAumberland.
;Temperature.

48°
51

Air at surface,
Air at pit bottom, 790 feet deep,
Air at depth of 900 feet, after having traversed

I! mile from the bottom to the downcast pit, 70
Water at depth of 1200 feet, 74
Air at same depth, 77
Water at surface, 49

Here the elevation of temperature for a descent of 1200 feet
is 25°, or 1° for every 48 feet. This is the deepest coal mine
in Great Britain.

7. Princes-end Pit, Tipton, Staffordshire.

Water at bottom of enginE', pit above 400 feet deep, 47°~
Air in the mine, . 60

8. A very satisfactory set of experiments was made on this
8ubject at Sunderland, by Mr. John Phillips, in the month of
November, 1884. Mr. Pemberton was engaged in sinking a
pit at Monk-\Vearmouth to reach the coal beds that lie under
the magnesian limestone. It had been sunk to the depth of
1500 feet, and had passed through a bed of coal six feet thick.
No attempt had been made to work.this coal. 1'he pit had
"been tubbed in various parts to stop t~lC· water, which never­
theless drops, but not in great quantity, down the sides. This
water fills several yards belo\v the coal bed in which the
observations were made, to the bottom of the pit, which is to
be carried considerably deeper to a lower bed of coal. 1'!le
temperature of the air at the surface was 49°; that of the coal

.. bed at the depth of 250 fathoms varying from 70°.1 to 72°.6••

III. M. Humboldt, while in America, made some observa­
tions on the temperatures of mines in Mexico and Peru, the
most important of which are exhibited in the following tables :t

I. Mines of Mexico.
Guanaxuato, lat. 21° 0' I a"; height of the table-land above

the sea, 7,034 feet; mean temperature of the air, 61°. The
mine of Valenciana is so hot that in the deepest parts the

• Phil. lflag. (third series), v. 446.
t Ann.. de ClIilll. ct ric IJhys. xiii. 2()i.
Jh c
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miners are constantly exposed to a temperature of 91°'. In
the month of September the external air was 66°!.

Between Despacho del tiro nuevo, and Bovedo de San
Pablo, between 1241 and 249 feet deep, the temperature is
74°1 to 81°1.

In the plains of San Bernardo, at the depth of 747 feet,
9~i·

The temperature of the water at that depth, 98°!.
Mine of Royas,·not far from that of Valenciana, tempera­

ture. of external air, 69°i.
At the depth of 286 feet, 9~J.
In the mines of Villapando, three leagues to the north of

Guanuuato, on a .table-land 8,505 feet high, the temperature
of the external air was 72°!.

At the depth of 199 feet, 85.
There are hot springs in the neighbourhood issuing from a

basaltic conglomerata. Those of Comagillas have a tempera­
ture of 205°.

Mine of Cabrera, lat. 20° 10' 4" at a height of 1,512 feet.
The temperature of the air was from 50° to 53°!- (mean tem­
perature of the place nearly 610). In the gallery of Conde
de RegIa, at 74·7 feet in transition porphyry, the temperature
was 70°.

Water at the same depth, 6~t.

2. Peru.
Hualgayac, 6° 43' 38" South latitude, is a mine situated ill

an isolated mountain 13,429 feet above the level of the sea.
The thermometer stood in the air at 4~

In the gallery of the mine, 57 l
Water of the mine, 52

In the mine del Purgatorio, which is exceedingly dry, the
air is 67°1.

IV. The following observations were made by Daubuisson
in some of the Saxon mines during the year 1802:--

1. Mine of BuclwtglucA, 2 leagues'lOrt'" of Frey1Je1·g.
Depth in teet. Temperature ot air.

590 5~t

853 59

• Jour. del Mines, xi. 517.
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Here a depth of 263 feet occasioned an elevation of tem­
perature amounting to 6°·8, or I ~ for 38l feet.

2. .Alte Hojfnung Gotta, II«Jr the 8tJfU pl~.

Depth In teet. Te:nperature ora'"

239l 48°
557i 55
B85t 59

12461 65 J
Here a descent of 1007 feet occasioned an elevation of 17°f,

or 1° for every 57 feet. The anomalies are of the same kind
as in the Cornish mines. A descent from 239 to 557 feet, or
S18 feet occasioned a rise of 7°; while for the next 328 feet
the rise was only 4°; and for the last 361 feet the rise was
6°J, or nearly corresponding with the first 318 feet.

v. To the same observer we are indebted, in 1806, for the
following facts respecting the temperature of some mines in
Bretagne :-.

1. Poullaouen, N. lat. 48° 17' 49". .About 853 feet above Me
suiface of the ,ea. Mean temperature 52°·7-Septem1Jer,
1806.
Temperature of the external air, 66°.

Depth in feet.

521
128
246
462l

492

Temperature.

Water, 55°1
Do. 53l
Do. 531

59
SWater, 56 ~

l. Air, 58
Here a descent from 128 to 492, or 364 feet, occasioned a

rise of ~f, or 1° for every 157 feet of descent.

2. Huelgoat, ltJt. 48° 18' II". 567~ feet above tle Il1rface of
tAe sea. Mean temperature 52-5th September, 1806.

Depth in feet. 'remper&turc or water.

49 5~

2291 54
262~ 59
459 62 ~

754j 67 \
• Jour. des Mines, xxi. 218.
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Here a depth of 754.l feet occasioned an elevation of tem­
perature amounting to 15°j, or 1° for every 48 feet.

VL The following observations on the temperature of cer­
tain coal mines in the south of France, were made by M_
Cordier :-.

1_ Carmeaaz, departmemt of Tarn.
Depth ID reet. Temperature.

20* 55°:1-
37-75 55;

596-66 62 ·75
629-75 67

Here a depth of 609 feet occasioned an elevation of 12°, or
1° for every 50 feet of descent.

2. Littry department of Calvados.

Temperature of external air, 5~

Do_ of mine at 324·75 feet deep, 61

3_ Decises, department of Nievre.

Depth in feet.

28-9
55!

351
551

Temperature.

52-5
53
64
70

VII. The following observations were made by M. Ger­
hard in 1829, on the temperatures of the bottoms of a variety
of mines in Prussia, between N. latitude 50° and 51o~. The
observations were continued for more than a year. The table
exhibits the depth of the mine in feet, the mean height of the
thermometer, and the variation observed in that height. The
numbers in the first column refer to the table in page 11,
where the names of the mines are given and the mean height
of the thermometer, at from 27 to 67 feet below the surface.
Most of these mines are at an elevation of from 500 to 3000
feet above the level of the sea, which accounts for the lowness
of the temperatures observed :-t

• Ann. del Mines (2d series), ii. 62_
t Poggondorf's Annalen. xxii. 497.
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!DeptholmlDe
l

M...... heightIVariation of ;
~_I~~__dO_._

1 164,-54 46°-85 I 0
.2 342,93 51'89 2°,25

3 169·37 49-7 0
4, 154·64 50-47 1-125
5 394-37 48-81 0·56
6 478·72 56-75 0
7 4.00 49'66 2·25
8 480'1 50-43 1-125
9 230-18 50·58 2-25

10 376'05 47-59 0-28

III 280·41 48 ·13 1 -128
533'35 49'86 0
786·4 58 ·1 2-25

When we compare this table with that in page 11, we per­
ceive that the temperature, in every case, is higher at the
bottom of the mine than near the top; though the same
anomalies occur as in the observations of pre~edinggeologists.
The last which gives the mean height of the thermometer at
three different depths in the coal mine near Herzogenrath,
shows an elevation of 100 in a descent of 759 feet, or 1° of
elevation for every 76 feet of deepening.

VIII. The following observations were made by Kupfer,·
in the copper mine of Bagoslowsk, Eastern RU88ia, in North
latitude 60°, and East longitude 60° 9' 20" :-

Depth In teet. Temperature or water.

183-7 38°
213-3 39·2
363-5 43-25

Here, a depth of 1'79'8 feet occasioned an increase of tem­
perature of 5°'25, or 1 for every 84 feet of depth.

IX. At Charlieshope, New Jersey, Mr. Griffith observed
the temperature of a spring 250 feet below the surface of the
earth, to be 5~, and that of another 294 feet below the sur­
face, to be 54°.t

x. The following observations by M. Spasky, show the
temperature of the Artesian wells at Vienna, at different
depths:-
"PogeDdorr...4nnaJen, IV. 170. t Ann. dee M.ines l'1\\ ,eneta~ ~\. 4~~
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Depthlll IT~'" 0eptJl1D I~'"VlenD. teet. welL Vlenaa teet. well

188 53°-15 150 55°-6
150 54 -5 90 52 -7
240 51 -2 166 58 -87
78 62 -9 48 5.. -5

234 56 -75 68 54 -5
90 52 ·25 60 54 -8

108 52 -9 96 55 -i
108 52 -9 60 54 -8
108 52 -25 ]44 52 -9

90 55 -6 108 52 -9
102 52 -9 189 55 ·2
114 52 -7 102 54 -95
90 52 ·25 60 54 ·95

162 54 -5

1"he mean temperature of the air at Vienna is 50°·4.5. M.
Spaaky has calculated from the preceding observations, joined
with the quantity of water given out by each well, that there
is a mean augmentation of 1° of temperature for every 37·17
Vienna feet of depression below the surface_·

XI. The following observatioDs were made by Erman,
Magnus, and Schmidt, in a shaft which has been sUDk in a
limestone rock at Riidersdorf, about twenty miles north-west
from Berlin, to a depth of880 German feet. The observations
were made chiefly with a thermometer contrived by M. Mag­
DUS for the purpose, during the years 1831, 1832, and 1833:t

Depth in Germm feet. Temperature.

80 55°-4
200 56 -4
225 60 ·315
280 63-5
SBO 6S-725
380 64·4
430 64-625
480 65-75
530 67 -325
580 68
680 68-45
680 69-35
736 71 -8
830 72-5
880 74-3

II Pogende»r. ADDaleD, DD_ 865. t Ibid. uii. l86 , .."d D."\\\. 233_
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The preceding tables contain all the observations on the
temperature of mines hitherto published, or at least which
have come to my knowledge. With a few insignificant
exceptions which can be easily accounted for, they show that .
the temperature rises as we sink deeper into the earth. But
there is a very great difference in the rate of this increase in
different mines. It may be worth while to collect this rate
as deduced from the different mines observed.

1. Huel Abraham ] 0 for 4.S feet
2. United mines 1 64
S. Dolcoath 1 77
4.. Tincroft 1 661
5. Cook's Kitchen 1 50
6. Whitehaven 1 43
7. Workington I 42
8. Teen 1 87
9. Percy main 1 47

10. Jarrow 1 46
11. Killingworth . I 48
12. Beschertgluch 1 3S·5
13. Hoffnung Gottes 1 57
] 4. Poullaouen 1 157
15. Huel goat I 48
16. Carmeaux 1 50
17. Littry 1 36
IS. Decisel . 1 30
19. Herzogenrath . ] 76
20. Bagoslowsk 1 34
21. Cbarlieshope . 1 22

The difference is enormous. In the mine of Decises there
ia an elevation of 10 for every SO feet of descent; while in
Potrllaouen an elevation of 10 requires °a descent of 157 feet,
or more than 5 times as great. If we were to leave out
Poullaouen and Charlieshope as deviating too much from the
rest, and take the mean of all the others, we would obtain
nearly an increase of 10 for every 50 feet of descent.

Can this augmentation of temperature in mines be ac­
counted for by any accidental causes, such 81 the burning of
candle., the blasting of gunpowder, or the number of work­
men employed in the mine? Dr. Forbes haa P~e.\\ '\1% ~~
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requisite data to determine the8e points in the mine of Dol­
coatb.-

In the year 1819 the number of men employed in that
mine was 800, of whom a third part or 266 were always in
the mine. The candles burnt amounted to 200 lbs. every
day. The gunpowder employed in blasting the rock in which
the mine is situated amounted to 86~ lbs. per day.

Now, the quantity of water pumped daily out of Dolcoath
mine was 535,173 gallons, or nearly 4l millions of pounds;
and this water had the temperature of 84°, or was S3° higher
than the mean temperature of Redruth, where the mine is
situated: thus the heat carried off daily, in the water
pumped oot of the mine, would have heated 824,000 lhs. of
water from the freezing to the boiling point.
, From the facts ascertained respecting animal heat we have
reason to conclude that the heat given out daily by 266 men
would be sufficient to rai8e the temperature of the whole
water from the mine one degree.

200 Ihs. of candles, according to the best experiments on
the heat evolved during the burning of tallow would be only
sufficient to raise the temperature of the water of the mine
0·7 of a degree.

Tbe heat from the explosion of 86f lbs. of gunpowder
would not raise the temperature of the water so much as T10th

of a degree.
Thus it is clear that all the heat from these adventitious

causes does not amount to so much as T'~th of the sa degrees
of heat which the water contains above the mean temperature
of Redruth, which must be very nearly 5]°.

The simplest explanation of this curious fact, and the one
which seems at present almost universally adopted, is, that
the temperature of the central parts, of the globe is much
higher than that of the surface; so high indeed as to be in a
state of intense ignition. From this central ignited nucleus,
the temperature gradually diminishes as we approach the
circumference, where it is of course lowest: hence the
obvious reason why the temperature 80 cODstantly increases
as the depth of a mine increases. This explanation was
advanced by Buffon and by other geologists many years ago.
It was strenuously supported by Dr. James Hutton in his
Theory ofthe Eartl&, first published in the Edinburgh Transac-

• Transactions of the Geological Society of Cornwall, vol. ii.
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tion, about the year 1790, and afterwards in a separate form
in 1795. The publication of this theory occasioned a violent
controversy, which at last subsided, and many of the opinions
of Hutton have been generally adopted by modern geologists•.

If we admit the truth of this hypothesis, and consider the
mean temperature at the surface to be 56°, since tile tempera­
ture augments 1; for every 50 feet it is obvious that the
temperature of the centre of the globe must be almost
418,000°.

This hypothesis would enable us to account in a very
simple way for the hot springs which issue in such abundance
in different parts of the globe. . The temperature of a spring
must depend upon the depth from which it rises. Were a
spring to rise from the bottom of Dolcoath mine, which is
),381 feet deep, to the surface, ~ts temperature would be 84°,
or 33° higher than the mean temperature of the place. Now,
this happens to be the temperature of Buxton hot weH in
Derbyshire. We have only to suppose that the water fills a
cavity 1,381 feet below the surface, and that from this cavity
it rises in a natural pipe to the surface, to be able to account
for the temperature.

The temperature of the hottest of the Bath springs is 1) 7°,
while that of the air is 50°; so that the Bath spring is 67°
higher than the mean heat of the place. If we allow an
increase of )0 for every 50 feet of descent, it is obvious that
Bath water must form an accumulation in a cavity situated
3,350 feet below the surface of the earth. This amounts to
558 fathoms, which is much deeper than any mine, at least
in Great Britain.

But though this supposition of a central fire be so simple
and satisfactory that it has been generally adopted, it must
not be concealed that there are several circumstances which
rather militate against it.

I. It is sufficiently obvious, and has been already noticed,
that the temperature of a place, ceteris parilnu, is regulated
by the latitude. The mean temperature of the equator is
81°.5; that of latitude 45° is 56°; that of Stockholm in N.
lat. 60° is 41°; and that of Lapland in N.lat. 67° is 82°. In
the temperate and frigid zones the mean temperature of
summer is much higher than that of winter. This will be
evident from the following table taken from that given in
page 7:-
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PI8a!I.. Latitude. I Meu
Mean

Winter Temp. Sum. Temp.----
Madeira, - 320 37' 680.5 720-28
Italy, • - - 40 50 50 77
Frauce, . · 43 30 44,-6 75 -2
France, - 47 10 41 68
England, - · 53 30 37-8 62-6
Scotland, · 57 86 ·14 56·48
Sweden, . · 60 80 24 -8 60-8
Gulf of Bothoia, 62 5 16 ·7 59
Norway, - '71 23 ·9 «·7

It is obvious from this table that in all these places the
higher the sun is elevated above the horizon, and the longer
it continues above the horizon, the higher is the temperature;
and that in winter, when his altitude is low, and the days
short, the temperature is much lower. From all this it cannot
be doubted that the temperature is regulated entirely by the
8UD. Now, how could this be the case if there existed a central
fire which makes its influence be felt 80 much as to raise the
temperature SSO at a depth of 200 fathoms under the surface?
It has been said, indeed, that the heat lost by radiation is jOlt
equal to that transmitted from the centre, so that the surface
cannot be heated by the central fire, but only by the sun. But
whatever effect may be ascribed to radiation, surely it must act
equably on every part of the surface of the earth. But the
poles are 12 miles nearer the centre than the equator is. Now,
if every 50 feet of descent occasion an increase of 1°, 12 miles
should occasion an increase of 1291°; so that allowing the
heat dissipated from the surface by radiation to be equal at
the poles and equator, still there ought to be an increase of
more than 1200° of heat at the pole, derived from the central
fire; so that the temperature at the pole, instead of -13°,
ought to be enormously high_ The low temperature of the
pole, owing to the long absence of the sun, and probably also
the absence of land, seems to me totally irreconcileable with
the existence of a central fire in the globe, or at least with the
Dotion that this central fire transmits heat to the surface in
such quantity as to affect the thermometer.

2. The observations of Mr. Moyle, which were made during
• series of years in Comwall, seem to show that the high
temperature of the mines in that county continues only while
they are working.· When these mines are abandoned they

• Annal. of Philosophy (second series), iii. 308, 4\5.
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get filled with water, which of coorse remains stagnant, and
the temperature gradually sinks till it approaches that of the
mean temperature of the place. The Oatfield engine shaft,
at the depth of 182 fathoms, had a temperature of 77° while .
the mine was working. Mr. Moyle examined the temperature
at that depth a few months after the mine had been abandoned
and found it reduced to 66°. He tried it again many months
after, and found the temperature reduced to 54°. Thus the
temperature at the bottom of this mine had sunk after it was
abandoned no less than 2:JO. It is obvious that if the original
high temperature had been derived from the central fire, the
mere abandonment of the mine could not have reduced it.

Mr. Moyle found the temperature in the abandoned mines
of Herland and Huel Alfred, that of ~he former 54°, and of the
latter 56°, and thia at all depths. The working of these two
mines being resumed, the water was drawn off, and Mr. Moyle
examined it during the operation to the depth of 100 fathoms
without finding any increase of temperature.

Huel Trenoweth is another example which Mr. Moyle has
brought forward. It is 100 fathoms east of Crenver and Oat­
field mines, on the same load. This mine was discontinued
working for more than 12 months, at least 88 far as regards the
presence of miners; but the engine was still kept working to
relieve the other two mines. The adit at which the water is
discharged is 32 fathoms from the surface. Here its tempera­
ture was 54°; and it gradually increased from this place to the
mouth of the pump, where it was 56°. 15 fathoms deeper the
walls of the shaft were 54°. A gallery at this level, 40 fathoms
east of the shaft, was only 59°. 5 fathoms deeper, or 52 from
the surface, where there is a second cistern of water, the water
was 57°; the walls in the same place were 54°1. At the
bottom, in 66 fathoms, the water that ran through a small
crevice, a8 well as the walls of the shaft, were still 54°. The
temperature of the air before going down was 68°, after
returning 64°. Here it is obvious that there was no increase
of temperature for 34 fathoms, being precisely the same at
the bottom 88 at the adit shaft.

The following table exhibits the whole of Mr. Moyle's
observations.• They show in the clearest point of view that
the elevation of temperature itt chiefly confined to mines at
work, and disappears when they are abandoned:-

• Annal, of Pbilosophy (second aenel), ~ .. S4t.
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These-facts seem to me to leave no doubt that the increase
of temperature observed in mines as we descend, cannot be
owing to the heat communicated from the central parts of the
earth; for, if it were so derived it could not disappear when
the workmen left it, or when stagnant water was allowed to .
accumulate in it.

If it were merely the air in the mine, or even the surface
of its walls which augmented in temperature, there would be
little difficulty in accounting for the phenomenon. The num­
ber of miners usually present in the mine at one time (often
amounting to 400), together with the heat from the candles
and gunpowder exploded, might easily be supposed to increase
the temperature very considerably, and tltls temperature would
naturally increase somewhat as the mine deepened, in conse­
quence of the greater density of the air; but we have seen
that these causes are utterly inadequate to account for the
augmented temperature of the vast quantity of water which is
daily pumped out of these mines.

But to whatever cause we are to ascribe this augmented
temperature, the facts above stated are incompatible with the
Dotion" that it is owing to a central fire.

3. That an intense state of ignition exists within the bowels
of the earth, or at least at very considerable depths below the
surface, is evident from the numerous volcanoes, more than
200 of which, in a state of activity, are known to exist on the
globe. If we consider the evident cODnexion which many of
these volcanoes have with each other, we shall be satisfied that
the igneous energy to which they are owing is of the most
extensive kind. The Andes extend from the island of Terra
del Fuego to the table-land of Mexico, about 77° of latitude,
or more than 5000 miles; or, if we exclude Terra del Fuego
and Patagonia, as the existence of volcanoes in these districts
rests upon uncertain evidence, the volcanic chain of the Andes
extends over a space not less in length than 4700 miles, or
6SO of latitude. Over the whole of this long space it is rare to
find a degree of latitude in which there does not exist an active
volcano. The internal fire, of \vhich these craters constitute
the vents, must be enormous in point of magnitude,. and must
exist at a very considerable depth below the surface of the
earth, even without reckoning the Andes, which have been
probably originally elevated by the expansive force of this
internal fire. \

A volcalJic band, of very great extent, ex\~\.~ a\~o \\'\ \\\~
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Indian Archipelago. It begins to the north of the Philippines
in about 20· N. latitude, and extends louth to Timor, in about
S. latitude 10·; then proceeds west and north to the estremity
of Sumatra, from East longitude 130° to 95°.

In Europe volcanoes exist in the Grecian islands, in Italy
and Sicily, and in Iceland. Whether these volcanoes have
aDy connexion with each other at a great depth is uncertain,
no evidence of any such connexion being known. But if
earthquakes and volcanoes both owe their existence to the
same internal fires, then there is evidence that such an internal
fire must exist at an enormous depth, and that it must estend
over a very large space; for the earthquake which destroyed
Lisbon in November, 1755, extended over a space which wu
not less than 4000 miles in length, and as much in breadth.
It was felt in Pennsylvania and New York, at Antigua, in
Madeira, in Barbary, in the North of Scotland, at Hamburg,
and in many other places, though the centre of action seems
to have been situated below the Atlantic, and north-west from
Lisbon. Now, ifan extensive volcanic fire exists under Europe,
81 is not unlikely from the facts just stated, it is possible that
the temperature of some of the mines specified in the preceding
pages may have been affected by this internal fire, which may
very well be conceived to be nearer the surface of the earth in
one place than in others: hence, perhaps, the reason why in
some places it breaks out into active volcanoes, while in others
it produces only earthquakes. Even if the temperature of
mines should not be admitted to be affected by these internal
volcanic fires, there can be little doubt that the hot springs
which issue so abundantly in many parts of the earth owe their
temperature to this cause.

CHAP. II.

OF THE SURFACE OF THE EARTH.

IT is known to every person that the 8urface of the globe is
partly dry land and partly water, and that nearly two-thirds of
the whole is covered by the ocean. The proportion of laud
upon the north side of the equator is about 13 times as great
as upon the south side. Hence the reason why in high
/loutbern latitudes the summers are colder and the winters
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milder than in the corresponding latitudes in the northern
hemisphere.

The land is usually divided into five great continents; three
of these exist in the eastern hemisphere, namely, Europe,
Asia and Africa. A fourth, America, constitutes a great belt .
crossing the western hemisphere, from 68° North latitude to
56° South latitude, or above 8,500 miles in length. The fifth,
denominated Polynesia, consists of New Holland and the
neighbouring islands. The relative extent of these continents
in square miles, may be stated as follows :-

Europe, with its islands,
Afric~ with Madagascar,
Asia,
America,
Polynesia,

Square mila

2,243,000
7,464,000

11,039,000
10,000,000
2,145,000

33,491,000
H we reckon the ocean at double the extent of the land, the

whole surface of the globe will constitute about 100,000,000
square miles.

America constitutes two continents, North and South, the
relative sizes of which are :-

Square mUes.

North America, Greenland, &c., 5,803,000
South America, 4, 196,000

The dry land consists of high country, that is mountain8
and hills with elevated valleys between them; and of low
country, or the extensive plains which lie at the foot of the
mountains. The seg has also its plains, mountains, and
valleys. Alpine country sometimes descends to the sea by a
succe88ion of valleys below one another, sometimes by ODe

large plain. Elevated and extensive p1ai~8 with opposite
declivities do not terminate in one another, but are almost
always divided by land of a mountainous character.

Single detached mountains are generally volcanic, or at least
composed of trap rocks, which have exactly the aspect of lava.
At Edinburgh there occur four such mountains, namely,
Arthur's Seat, Salisbury Craigs, the Castle Hill, and the Cal­
toD. All of these are precipitous to the west, and slope gently
towards the east. They are composed of greenstone, clay­
stone porphyry, traptuff, &c. Near StirliDg there are three
exactly similar hills j namely, the Abbey Ctalg, tne Cv.\\fa
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Hill, and Craigforth, besides some smaller ones of the same
kind in the King's Park.

Mountains are generally found in elevated bands, cODsist­
ing either of one central chain with branches running at right
angles, or of several chains or ridges running parallel to each
other. And in both cases frequently accompanied by subor­
dinate or dependent chains of smaller elevation. The Alps,
for example, consist of a great central chain extending in
breadth between fifty and sixty miles. On each side of this
chain there is a valley, and beyond these valleys a lower
chain, which runs on each side parallel to the great central
one. The Grampians exhibit a similar arrangement at least
on the south-east side.

Mountain chains in general have a great length compared
to their breadth. This is well exemplified in the Andes,
whicb traverse South America from the isthmus of Darien
to the Straits of Magellan, constituting a length of upwards
of 4000 miles, while the breadth in general is under 100
miles.

li we consider the old continent attentively we shall find
that its general form, the declivity of its surface, and the
course of its rivers are determined by a great zone, whicb
traverses it from one extremity to the otber at a mean lati­
tude of 40°. Mount Atlas, which bounds Barbary on the
south, and traverses the north of Mrica, between North lati­
tude 80° and 32°, may be considered as part of this great
mountain zone. The different mountain tracts in Spain,
running in the same direction belong to the same zone.
Under the name of the P}'rennees it separates France from
Spain. A little farther east it assumes the name of the Alps.
Mount Hemus connects the .Alps with the great Asiatic
chain, which under the names Taurus, Caucasus, Elbourz, is
continued eastwar:ds to the 70th degree of longitude. Here it
divides into two branches; one of which, the Himalaya range,
takes a south-easterly direction, and terminates about 500
miles to the north of the gulf of Bengal. The other branch
called the Altai and Yablounoi, passes north-eastwards till it
reaches the Pacific Ocean, in North latitude 55°. The entire
length of this mountain zone, from west to east, is about
8000 miles, and its breadth varies from 500 to 2000 miles.
The Sierras of Spain, the high ridge of Corsica and Sardinia,
the Appenines continued through Italy and Sicily, and the
mountains of Southern Greece, form so many tretnsversc
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branches connecting together the great northern and southern
chains of the band. The Carpathians in Hungary, and the
Erzegebirge in Germany, may be considered 88 dependent
chains of the Alps.

It is along this great zone that the highest eminences of the
old continent occur. The Peak of Teneriffe is 11,022 feet
above the level of the sea. . Mont Perdu, long reckoned the
highest of the Pyrenees, is 11, 172 feet, by the measurement
of M. Reboul; that of the other principal summits of the
Pyrenees, by the measurement of the same gentleman, are as
follows:-

Pic du Midi, 9,560l feet.
Canigou, 8,544
Maladetta, 11,4271 the highest of the Pyrenees.
Posets, 1],2801

Mount Etna, which con.stitutes the most magnificent object
in Sicily, is 10,955 feet above the surface of the Mediterranean,
while Vesuvius, near Naples, is only 3,938 fe'et high. Mont
Blanc, the highest of the Alps, and the loftiest of European
mountains, is 15,665 feet above the level of the sea; and
Mont Rosa, its rival in size and celebrity, is only 125 feet
lower.

The highest mountain in France, Mount Pelvoux, is the
summit of the mountains of L'Oisans,· in Dauphine. It is
13,4,68 feet above the level of the sea, according to the'mea­
surement of Durand and Leclerc.· The Dole, constituting
the highest peak of Mount Jura, is 5,577 feet above the level
of the sea. Mount Meyen, in the Velay,' is 5,900 feet high.
The following table shows the height of the highest mountains
in Auvergne, 88 determined by M. Ramond:-t

Puy de Dome, 4,846 feet
Petit Puy de· Dome, 4,189
Puy de Pariou, 41012l
Puy de Vache, 3,894
Grand Sarcouy, , 8,793

The Carpathian mountains, which separate Poland and
Hungary, may be considered as a kind of continuation of
the Alps, though there, is a valley interposed between them.
The great Lomnitzerspitze, the highest of these mountains, is
8,464 feet above the level of the sea, which is not much more

• These mountains are composed of granite. An interesting Geological
account of them, by M. Elie de Beaumond, will be found \n \he A.uu~~

des Mines (third series), v. iii. t Jour. dee 'Minea. ui,. C}A\"
II. D
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than half the elevation of Mont Blanc. The most westerly of
these mountains is called Fatra. It runs north and south, and
is divided into two by the river Waage The following are the
heights of its principal peaks, as determined by Wahlenberg:·

Coch, 5,196 English feet.
Krivan, 6,648
Klukberg, 4,442
Czeroy-kamen,. 4,583

To the eastern part of the Carpathian mountains the inha­
bitants give the name of Trata (/aiiJ«Jru), from its singular
and dreary aspect. The following is the height of its principal
peaks, as determined by Wahlenberg:-t

Krivan, 8,084 English feet.
Nod Pavlova, 5,942

. Nochstein, 4,984
Viszoka, 8,318
The lake Hinzka, 6,219
Csabi, 8,818
GerIsdorfkessel,. 7,780
Great Lomnitzerspitze, 8,464
H uDsdorferspitze, 8,313
Rotheseethurm, 7,673
Hintere Leithen, 6,591
Stirnberg, • 6,287

The height of Mount Hemus, or the Balkan, which COD­

stitutes the chain to the north of Eu~opean Turkey, is not 80

well ascertained, though there are reasons for believing that
it rises, in some places at least, to a height not inferior to that
of the highest of the Carpathians.

Mount Ath08, at the extremity of a peninsula in Macedonia,
is one of the highest mountains in Greece. Its height, as
measured by Captain Gauttier, is 6,778 feet. The following
table exhibits the height of different mountains in the Grecian
Archipelago, 88 determined by the same observer :-t

Mount Kerki, isle of Samos,. 4,793 feet.
Mount Jupiter, isle of Naxos, 3,328
Mount Olympus, Meteline,. 3,241
Mount Christo, Stancho, 2,828
Mount Cochila, Skiros, • 2,588
-- St. Elias, Milo, • 2,559
--- St. Elias, Paros, 2,516

• ADuall or Philoeophy, iL 141. t Ibid. P. 142.
t AIm. cIe Chim. et de Ph,.., xviii. 433.



01' THE BARTH. 35

The height of Kasibeck in the Caucasus, according to Sir
Robert Ker Porter, is 14,400; that of Elboros, in the same
chain, is 16,414 feet;- while that of Mount Ararat, according
to M. Parrot of Dorfat, who ascended it in 1829, is 17,266!
feet. The limit of perpetual snow on that mountain is at the
height of 12,790 feet. Thus both Ararat and Elborus con­
siderably exceed the height of Mont Blanc.

But this mountain zone reaches by far the greatest eleva­
tion towards its eastern extremity, in the extensive table-land
of 1Dibet and the Himalaya mountains, which constitute the
northern boundary of Hindostan. The Dologer, the highest
of these mountains, rises to the enormous height of 27,677
feet, or at miles above the level of the sea j Javahir, the
second in height, is 25,745; and Yamunatri, the third, 25,000
above. the sea level.

The Altai chain has been partly examined by Humboldt,
but he has not yet laid the result of his measurements before
the public. Its height above the surrounding country is not
very great, but it stands upon a very elevated base, and the
extreme rigour of the climate shows that the absolute eleva­
tion above the level of the sea must be very considerable.
The height of the little Altai above the level of the sea is,
according to Luman, 6,988 feeLt

Many very high mountains occor in the Asiatic Archi­
pelago. Thus, in Sumatra we have

Gunong-Dempo, 12,000 feet.
Berapi, • 13,003

and in the Phillippines, Temate, 4,093 feet above the level of
the SeL

Besides this central system of mountains there are two
other ranges in the Old Continent upon the north side, and
nearly at right angles to the central chain. Thete are the
Uralian mountains between Europe and Asia, and long cele­
brated for the numerous mines that are wrought in them by
the Russians, and the Doffrines which separate Sweden from
Norway. -

The Uralian mountains extend from about North lati­
tude 54.° to 66°, and run north and south not far from East
longitude 60°. They constitute three parallel chains with
valley. between them, the westernmost of which is the most

• A. determined by tbe late RUllian Saney. by M. ZeU'I.. ~ ~u.

de ChilD. ~t de Pbys., mi. 105. t ADD. de Cb\m. e\ de Yb,_.,u\,~·
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elevated. The high.est mountain in that chain is Jeremel,
which rises beyond the limit of perpetual snow, which in that
latitude is about 5,500 feet above the level of the sea.
Taganai, the next highest mountain in that chain, is, by
Kupffer's measurement, 8,480 feet high. Slatoust, in the
same range, is 1,193 feet, and Nasimskisch 2,216 feet. The
second chain, called Ural, is lower; ° the height of it when
passed on the way to Sb~tou8t, is 2,059 feet; while Miask is
995·4 feet above the level of the sea. The farthest east chain
is the lowest of all. - .

The Doffrines extend in length at least 1000 miles.
Indeed, if we' were to consider the Grampians in Scotland,
and the Irish mountains as a continuation of the Doffrines,
their length would exceed 2,000 miles. '[he highest of
these mountains is Sneehaetta, which, by the measurement
of Esmark, is' 8,120 feet above the level of the sea. The
summit of this mountain was considered as inaccessible till it
was reached by Esmark, and his journey is still celebrated in
Norway as a most wonderful and dangerous exploit. Syllf­
jell" in latitude 63°, which Hisinger measured, is 5,819 feet
above the level of the sea. Tronfjels, the next in elevation,
is 5,611 feet. The snow line at the latitude of these moun­
tains is 5,275 feet above the level of the sea, yet Hisinger
found no snow upon the top of either of them in the
month of August; this he ascribes to their pointed form,
which prevents the snow from lying. It is to this form pro­
bably that the want of glaciers in these mountains is owing.

Beerenberg, in the isle of, Mayen, near Greenland, is, by
Scoreby's measurement, 6,840 feet above the level of the sea.
Itappears from his observatio~ that thOe mountain is volcanic.
The following table exhibits the heights of some of the prin­
cipal mountains of Iceland :-

_11Ib feet.

Hecla, . . 5,11 0t
Eyafiiill, . 5,679t
Oerasa Jockal, • 5,927+

The mO\lntaios in Scotland are less elevated than those of
Norway. The Grampian mountains rise Iowa few miles to
the south of Aberdeen, and proceeding in a s~uth-west direc­
tion terminate in the table-land constituting the Mull of Kin-

• KupfFer, Poggendorf's Annalen, xvii. 497.
t A. measured by M. M. Oh1seD and Vetlesen.
t .As measured by M. Paulson. See Poggendorf's Annalen, x. 19.
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tyre.' By far th~ highest tract of mountainous 'country in
Scotland is that part of the Grampians called Brae Mar, at
the west. end of Aberdeenshire, whence the river Dee takes
its rise. The highest mountain of that district, is Beni Macdui,
which, by the measurement of Dr. Skene Keith, is 4,300 feet;
but by the measurement of the gentlemen who conducted the
Trigonometrical Survey of Great Britain, 4,400 feet above
the level of the sea. There are seven or eight mountains
within a short distance of Beni Macdui not much inferior to
it in height. Bennevis, in Inve~neS8~8hire, near the western
extremity of the Caledonian canal, has an elevation of 4,370
feet, and has usually passed for the highest mountain in
Great Britain.

Ben Lawers, in Perthshire, rising from the north side of
Loch Tay, and the summit of which is almost a ridge, is 4,051
feet above the level'of the sea., Benlomond, though so con­
spicuous from its situation at the western extremity of tlte flat
district constituting the valley of the Forth, is only 3,262 feet
high. The highest mountain in the south of Scotland is
Hartfe]!, near Moffat, which, according to Dr. Walker's
measurement, is 3,304 feet above the level of the sea. He1­
vellyn, in Cumberland, is about the same height. The
highest mountain in England is Crossfell, in Cumberland,
which is 3,990 feet above the level of the sea. Its eastern
acclivity is so gentle that you may easily ride to its summit,
but its western side, overlooking the Vale of Westmoreland,
is very steep. Snowden, in Caernarvonshire, the highest
mountain in Wales, is 3,568 feet high. Cader Idris, in Meri­
onethshire, is only 18 feet lower.

Upon the north side of the great central chain, which may
be considered as the spine of the ancient continent, there is
an enormous plain, extending, with but little interruption,
from the Atlantic to the Pacific Ocean. It occupies the space
between the fiftieth and seventieth degrees of North latitude,
having an average breadth of about 1,400 and a length of
about 6000 miles. It embraces the north of France, England
Holland and Belgium; the north of Germany, Denmark,
Sweden and Russia.

On the south side, jf we consider the Atlas range Mcon­
nected with the great central chain, we have an immense
zone of sandy deserts, 900 miles broad and 4,500 miletj long,
extending between the parallels of 18° and 3\0 not\'\\, \\.t\~

between the west coast of Africa and the moutn oi \ne ~e~-
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sian Gulf, including Northern Africa, Arabia, Persia and the
country to the north-west of Hindostan. This tract contains
many mountains and some fertile valleys, but is characterized
by vast desert plains, formed of very light moveable sands
which 888ume the form of waves-by burning and pestilential
winds-by an extraordinary aridity and want of rivers, and
by an abundant formation of salt, sometimes deposited like a
crust on the surface, sometimes mixed with the inferior soil.

The city of Gondar, in Abyssinia, in North latitude about
11·, and to the south of this sandy zone, .is 8,440 feet above
the level of the sea.

The heights of the mountains in the vicinity of the Cape of
Good Hope, are 88 follows :-

Table mountaiu, 3,600 feet.
Devil's mount, 3,360
Lion's head, . 2,200
Lion's rump, • 1,100·

The new world forms two great continents united by a
neck of high land. South America consists of one vast
expanse of surface of small elevation, everywhere protected
on the west by the great ramparts of the Andes. These
mountains which run from south to north, at the distance of
from 50 to 150 miles from the sea, constitute from 14° to 20·
South latitude, two parallel chains divided by an elevated val­
ley. Mr. Pentland in his geological tour in South America,
measured some of the highest peaks of the Andes. The fol­
lowing are some of the most remarkable of these :-t

1. In tAe Oriental Range.
Nevado de Sorata, • 25,250 English feet.

This is the highest peak probably of the Andes, and little
inferior to Javahir, which is 25,'745.

Nevado de Illimani, 24,000 English feet.
Cerro de Potosi, 16,037

2. In the Weatem Bange.
Tacora, or Chipicani, 18,808
Pichu-Pichu, 18,603
Volcano of Arequipa, 18,373
Inchocaj0, 17,192

• Web8ter's NarratiYe, vol. i. p. 298.
t See ADD. de Chim. et de Ph),s. xlii. 485.
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Altos de los Hue88Ol,
rYolapalca,
GoalilIas,
Paquani,
Chullunguui,
AltoS de Toledo,

13,573 English feet.
14,075
14,830
15,227
15,610 .
15,692

4. aDa in Peru aM Bolivia.
Lima, 519
Arequipa, 7,799
Coehabamba,.. 8,448
Chuquisacaor la Plata, 9,89 I
Tupis&, 10,003
La Paz, 19,195
Oruro, • 12,44,.1
Puno, 12,832
Chucuito, 13,025
Potosi, 1~668

The height of Chimboruo, erroneously considered the
highest of the Andes, is by the old measurements 21,440 feet
above the level of the sea.

The highest mountain in Hermit island at Cape Horn, is
2,156 feet above the level of the sea.·

South Shetland appears to be volcanic. The highest
mountains observed in it are in Trinity land, between South
latitude 63° and 64°. They are between 6000 and 7000 feet
above the level of the sea.t

There are three transit.ion ridges proceeding eastward, and
spreading out into a range of table-land 81 they approach the
eastern coast. The northernmost of these is in Caraccas, at
the latitude of 8° or 9° north. The second divides Guiana
from the basin of the AmazoDL The third proceeds from the
Cordilleras, in South latitude 18°, and is the one which chiefly
spreads out into a table-land. The low region of this conti­
nent is divided into three great plains, which form the basins
of the three principal rivers, the Orinoco, the AmazonR, and
the Plata. In the basin of the Orinoco, the eye is fatigued
by the unvaried upect of a boundless level, uniform as the
surface of the ocean; without a plant or any other object,
much above a foot in height, to break its monotony. Except

• Webster's Narrativlt, ,·oJ. i. p. 186.
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on the borders of the rivers, these plains are destitute of treee.
After the annual rains they are clothed with a luxuriant her­
bage, which disappears during the dry season.. The Pampas
of La Plata, which extend from 18° to 40°. South latitude, are
plains of the same description.

But the zone which diVides the open plains and forms the
basin of the Amazons, extendi~g from 6° North to 18° South
latitude, is one vast and continued forest. This middle region
is the highest~but so low are all the three; that if the sea
were to rise 50 fathoms at the mouth of tlte Oronoco and
Plata, and 200 fathoms at the mouth of the Amazons, it would
wash the foot of the Andes and submerge more than half of
South America. The Llanas.and. Pampas are steppes, like
those of Southern Russia. There are no real deserts in South
America, except a narrow tract of rock and quicksands on the
coast of Peru, between Coquimbo and Lima, on which no
rain ever falls.

The Cordilleras do not traverse the isthmus of Darien.
That isthmus, as we learn from the description of Mr. Lloyd,
is hilly, the mountains generally running from north-east to
south-west near Panama, and in other parts bearing a relation
to, "though not always parallel to, the line of coast. Their
altitude was determined by Captain Foster, who found the
highest of them to be rather under 2000 feet.·

The North American continent, like the South, is distin­
guished by one great chain of mountains, which traverse it
from south to north nearly through its whole extent, leaving
a large open level region to the east, and presenting a steeper
and narrower declivity to the· west. Mexico constitutes a
high table-land from 7000 to 8000 feet above the level of the
~ea, and its mountains, which are chiefly volcanic, rise, some of
them, to the height of 17,720 feet, or 3t miles above the level
of the sea. This is the case with Pocatepetle, the highest of
the Mexican mountains. The chain of the Rocky mountains
ascends considerably above the level of perpetual snow. In
latitude 46°, it seems to have. an elevation of about 9000 feet.
rrhe highest mountain in that chain and the most elevated in
North America, is Mount Elias, situa.ted near the Pacific
Ocean, in North latitude 60°. It is 18,090 feet above the
level of the sea.

o' From the centre' of Avatcha Bay in Behring's Straits,

• Webster's Narrative, H. ]48.
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(which divide Asia from America) five immense mountains
are visible which rise insulated and steep above some lower
eminences. Korazka, one of these mountains, is 11,468 feet
above the level of the sea. It constantly emits columns of
smoke from the northern side. Avatcharkaja, another of,
them, is an active volcano. Kluschefskaja, or Kamschatskaja,
which is also a volcano, is 16,542 feet above the level of the
sea.-

The Sandwich islands may be considered as a part of North
America, at least they are much nearer that continent than
the coast of Asia. They are nearly in the latitude of the
tropic of Cancer, and about 15 degrees, or 955 miles west
from the coast of California. They consist of a cluster of
about a dozen of islands, some of which, particularly Owhyee,
the largest of th'em, contain a number of very high mountains,
all obviously volcanic. 'Mennoroa, the most elevated of these,
is, according to Kotzebue's measurement, 15,874 feet above
tbe level of the sea. Merinokoak, in the same island, rises
to an elevation of 13,936 feet. Merinowororoi is 10,788 feet
high; while the highest peak in Mowee, another of these
islands, has an elevation of JO,688 feet.

These islands form a striking contrast with the numerous
groups situated nearly south from the Sandwich islands and
near the tropic of Capricorn, most of which seem to be nothing
else than coral reefs, which at a comparatively recent period
have emerged above the surface of the sea.

St. Helena is' a volcanic island, situated nearly half way
between Africa and America, and in about 16° South latitude.
It is almost all high land, its mean height being 1,400 feet.
The following table exhibits the height of its most remarkable
mountai.os above the level of the sea :-t

Diana's peak, 2,697 feet.
Cuckold point, 2,677
Halley's mount, • 2,460
Flagstaff hill, 2,272
Sandybay ridge, • 2,200
Longwood, 1,730
Lot, 1,444
Lot's wife, • 1,423
Ladderhill, • 600

• Ruuian Voyage of Discovery, Annual Register, ~ot. lx'1\. \l- a~4."

t Webster's Narrative, vol. i. p. 344.
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Ascension island lies to the north-west of St. Helena in
about 8° South latitude. Green Mount, the highest part of it
is elevated 2,818 feet above the level of the sea.-

In a general point of view, the North American mountains
determine the declivities of the soil and the course of the
rivers, over nearly the whole continent. On the west side of
the chain the slope is rapid, and the rivers, so far 88 they are
known, ftow directly to the Pacific Ocean, passing through a
high broken interrupted chain which skirts the coast. On the
east side they bend their course to the nearest sea, oyer a
surface little inclined, ftowing to the north-east and north in
the northern parts, and to the south-east and south in the
lOuthern parts. On looking attentively at the rivers in the
map of North America, it will be perceived that the chain of
lakes above lake Erie, the upper l\'Iississippi, the Missouri, the
Arkansas, and the Red River, all point in one direction-to
the south-east. But in consequence of the Alleganiet, a
chain of mountains which run north and louth through the
states of the Union, the St. Lawrence and the Mississippi
after running nearly parallel, till within 500 miles of the
coast, are suddenly deflected from their south-east coune aDd
proceed to the sea in directions almost exactly opposite.

The whole region east of the rocky mountains, from the
50th parallel to the Arctic Sea, is generally Jow, abounds in
lakes, and is scantily wooded as far north as the 60th degree
of latitude, beyond which trees cease to grow. From the
Gulf of Mexico to the mouth of the copper mine river in
latitude 67°, the country may be considered 88 one great plain,
the summit of which, about the 50th parallel, is not probably
more than 1,000 feet above the level of the sea. According
to Humboldt, the mean height of the great basin of the
Missouri is not more than between 500 and 800 feet.

The interior of the country between Mackenzie's River and
Behring's Straits. and between Hudson's Bay and the coast of
Labrador, is mostly unknown, except by Franklin's journey,
who confined himself to the seacoast. The former is probably
fertile and tolerably wooded, as the whole of the region west
of the rocky mountains has a wild and humid climate. The
discoveries of Parry and Franklin have shown t~at the northern
limits of the American continent run generally between the
67th and the 68th parallel, and that the space between this

• \Yeblter'a Narrative, vol. i. p. 388.
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and latitude 78° or 8oo is occupied by a group of islands, of
which Greenland may be considered 88 a part.

The foJlowing table shoWi the height of some of the prin­
cipal inhabited places of the globe, above the sea :-.

],564
1,558
1,488
1,4.37
1,381

EnSlilb feet.

Micuipam pa (Peru), 11,870
Quito, 9,841
Santa Fe de Bogota, 8,780
CDen~a (Prov. of Quito), 8,639
Mexico, 7,4,71
Hospital of St. Gotbard, 6,807
St. Veran (Marit. Alps), 6,698
Village of Breoil (Alps), 6,564
Village of Heas (Pyrenees) 4,816
Gavarnie (Pyrenees), 4,738
Brian~on, 4,267
Barege, 4,232
St. IldefonlO (SpaiD), 8,789
Pontarlier, 2,693
Madrid, 1,971
Insprock, 1,857
Munich, 1,765
Berne, 1,758
Lausanne, 1,663
MiDe master', hoose'at

Leadhilll, •
Auglborg,
Saltzburg,
N eufchatel,
Plombiers,

Clennont,
Geneva,
Freyberg,
VIm,
Rati.bonne,
MoscoW',
Gotba,
Turin,
Dijon,
Lanark, •
Prague, •
1foifat,
Callel,
Vienna, •
Ly-ool,
Milan,
Bologna, .
Parma, •
Dresden,
Pari. (Observatory),
Dalkeitb,
Rome (Capital),
Wirtemberg, •
Holyroodhoule,
Berlin,

Engllahfeet.

1,348
1,220
1,220
1,211
1,188

984
935
755
712
660
587
582
518
512
508
420
897
305
295
239
200
151
144
136
131

As all the parts of the ocean have a free communication
with each other, and as it is a well known property of water
to find its level when left to the free action of its own gravity,
it is natural to expect that the mean surface of the ocean will
in every part of the world be of the same level. But this
apparently reasonable supposition has not been verified by
observation. It was suspected by the ancients that the level
of the Red Sea was higher than that of the Mediterranean.
While the French army, under Bonaparte, was in Egypt, a
committee of engineers, under the direction of M. Ie Pere~

• Jour. de Minos, u:aviii. ~.
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was appointed to measure the exact height of each, by levelling
across the isthmus of Suez, which separates these two seas
from each other. The result was, that tlte surface of the
Mediterranean is 26-63 feet lower than the low water surface
of the Red Sea.

In like manner it has been ascertained by Mr_ Lloyd, who
levelled across the istbmus of Darien, that. the mean height of
the Pacific Ocean at Panama, on the west coast of America,
is 3·52 feet higher than that of the Atlantic at Chagres, on
the east coast.· But, on the other hand, it has been inferred
from the trigonometrical surveys made in France, that the
surfaces of the Mediterranean and Atlantic are almost exactly
on a level.

From the levels of the canals, which have been made hom
the west to the east coast of England, or at least from the
Severn to the Thames,t it has been shown that the level of
the Irish Sea and St. George's Channel, on the west coast of
England, is higher than that of the German Ocean by no less
than 74 feet.+ Even in Scotland it is obvious from the Forth
and Clyde Canal, that the level of the mouth of the Clyde at
Bowling Bay is somewhat higher than the mouth of the Forth
at Grangemouth; for, from the summit level to Bowling Bay,
on the west side, there are 18 locks, while to the east end of
the Canal the number of locks are 19. This makes the
8urface of the water at the mouth of the Clyde about 10 feet
higher than at Grangemouth.

Tbe difference between the level of the Black and Caspian
Seas is still more remarkable. It had been suspected that the
surface of the Caspian Sea is about 300 feet lower than that
of the Black Sea. Messrs. Engelhardt and P~rrot levelled
the whole space between the two seas no less than three times
8uccessively. The result was that the surface of the' Caspian
is 324·72 feet lower than that of the Black Sea, which is
nearly on a level with the Mediterranean. It is obvious from
this that Astracan, and the plains both of Russia and Persia
bordering on the Caspian, are at a considerably lower level
than the ocean.

• Phil. Trans. 1830, p. 59. The summit level of the isthmus of Darien
is 633-32 feet above the-sea.

· .t From the observations of Mr. Lloyd, it appears that the mean level of
the Thames, at the London docks~ is 2·0359 feet above the mean level of
the sea. Phil. Trans. ISSI, p. 189.

t GaJton~ Aana16 of Philosophy, is. 177.
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The Caspian is much less salt than the Meditermnean;
indeed, it contains only -lth of the usual saline contents of sea
water. Engelhardt and Parrot are of opinion that the Caspian
originally stood at as high a level as the ocean, and that its
surface has gradually sunk 324 feet, and thus laid dry a vast .
tract of country originally covered with water.

From this very general view of the surface of the terrestrial
portion of the globe, it is obvious that a great proportion of it
consists of level plains, while the mountainous regions, though
considerable in point of extent, ar.e· confined to particular
chains. The level districts of the earth are either covered
with soil or with sand, or with stratified rocks, while the
mountainous regions consist. of rocks partly stratified and
partly unstratified. .When we dig into the level parts of the
globe, we come always to beds of rock regularly stratified and
deposited one above another, often horizontally, sometimes ~n

an inclined position, and sometimes stan,ding almost, or quite
vertical. These rocks are sometimes composed of sand agglu­
tinated together; sometimes of clay; sometimes of limestone;
aDd many of them abound with fossils, consisting chiefty of sea
shells, .but sometimes of vegetable impressions, and sometimes
of the bones of amphibious animals, quadrupeds or birds.

From the regular way in which these different beds are laid
upon each other, from the nature of the ingredients of which
they are composed, and from the sea shells with which they
are frequently mixed, it is evident that these strata have been
deposited at the bottom of the sea, and afterwards elevated
either by the subsidence of the ocean or the elevation of its
bed. They must therefore have been washed down from the
mountainous parts of the earth by the action of the rain and
rivers. . These mountains must have in the course of ages
been carried into the ocean, and immersed under its surface.
Some notion of the length of time that must have elapsed
before such a transference could be accomplished may be
formed from this, that ever since the commencement of
history, or for a period of at least 3000 years, the surface of
the earth has been pretty much in .the same state as at
present.

For example, St. Michael's Mount, in Cornwall, is a small
hill about 500 yards 80uth from the dry beach, over against
Merazion. It is about 231 feet high. During low water it
is attached to the main land, 80 that you can walk to "t i~()U\.

Merazion; but at higb water it is an is\ancl be\n~ ot\ a\\
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sides surrounded by the sea. This little island has been
exposed to a very boisterous sea, yet during almost two
thousand years its size and distance from the land has been
very litde altered; for Diodorus Siculus, who wrote during
the reign of Augustus, and therefore rather before the com­
mencement of the Christian era, gives an accoont of it under
the name of Iktis (ixf"I'). He informs us that it was an island
adjoining to Britain; that during the recess of the tide the
intervening space is left dry, but at full tide, this passage
being overflowed, it becomes an island.· This description
would apply accurately to St. Michael's Mount at thia day.
Had any considerable change happened to it in an interval of
at least 1800 years, surely it would have become either an
island or a peninsula. The description of all the mountains,
and most of the countries of Europe left us by the ancients,
would apply almost exactly to them at the present day. It
is true that in some places the sea has encroached somewhat
upon the land, while in others the land has encroached upon
the sea; but the alterations, taken as a whole, are insignificant.
AthOl, 8 conspicuous mountain in Macedonia, and running
into the sea, was described with some minuteness by the
ancients, and was represented by them 88 the highest in
Greece. They even inform us how far its shadow extended
at a particular season of the year, from which a tolerable
inference may be drawn respecting its height. Now, Captain
Gauttier measured it barometrically, and found its elevation
above the sea to be 6,763 feet, a height which rather exceeds
that deduced from the observations of the ancients.

Another remarkable circumstance connected with the strata
of which the external crust of the globe is composed, is, that
no remains of man are ever found fossilized in them. The
lowest beds of all contain no fossils whatever. The next set
of beds contain both animal and vegetable remains: the
animal remains are shells, not one of which is identical with
any shells at present existing in the ocean or in lakes. The
lame remark applies to the fossil plants, which, though
numerous, cannot be identified with any vegetable bodies at
present existing. We ascend a considerable way in the series
before we come to amphibious animals; but the skeletons of
several of these, of enormous size, and differing from any at
present existing, have been met with in these strata. Quad-

• Diodorus, Book ~.
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rupeds· and birds never appear till we come to those beds
which are situated above the chalk; and even in these beds
Dot a single bone has been discovered which can be identified
with that of any quadruped or bird at present existing.
Higher up still in the series we meet with beds containing
shells partly similar to those at present existing, and partly
consisting of extinct species. The proportion of those recent
fossil shells increases as we advance upwards in the series.
But we do not arrive at beds containing no fossil remains,
but of animals at present existing on the earth or in the sea,
till we come to those beds which are at present forming by
the action of the sea, or rivers, or by the filling up of lakes,
and therefore called aUvvial. The remains of man, so far 88

is known at present, are confined to these alluvial beds.
From the preceding statement it is evident that a vast

Dumber of years must have elapsed before the earth was
brought into the 8tate in whicb it is at present. What was
its appearance when it came originally out of the hands of
the Creator we have no data to determine. No doubt its
BUrfaee was partly land and partly sea; and at least from the
period when plants and land animals made their appearance
on it,. the surface must have been unequal, and consisted of
mountains and valleys as at present, otherways rain and
rivers, to which the original surface owed its destruction, could
Dot have existed.

The vegetable remains met with in such abundance in the
coal beds resemble most those plants which at present are
confined to the torrid zone. The same remark applies to the
bones of amphibious animals and quadrupeds which occur in
luch abundance in Siberia, North America, and in England.
1.'hey constitute pretty frequently extinct species belonging
to genera at present confined to the torrid zone. This cir­
cumstance has led to the opinion that the temperature of the
temperate and frozen zones is at present much lower than it
once was, and that this change of temperature may have been
one of the causes of the extinction of many species of anima)s
which now no longer exist.

Be that as it may, it is impossible to doubt that both the
animals and vegetables belonging to this globe have under­
gone very considerable changes since the original creation.
Not a single species of the aboriginal animals and vegetables

• ID the Stonefieldalate, however, which is a portion ot \he 00\\.mtma.­
tioD, fouiJ lellUJiu of••periea of Didelphia hate been fouud.
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any longer exist. The earth may have contained an inde­
finite. number ·both of animals and vegetables, which dis­
appeared in succession during the course of a very long series
of ages. But we can only reason from those animals and
vegetables whose fossil remains still exist.

Now, if we attend to the different strata of which the crust
of the earth is composed, placed as they are above one another,
it is obvious that the lowest of these strata must bave been
first formed, and that the order of formation must be the order
of position. Con,equently the animal and vegetable fossils
in the lowest beds must be the most ancient inhabitants of the
earth of which we can ever attain any knowledge. When
.strata, however distant from each other, contain the same
fossil remains, we must conclude that they were deposited
either 'simultaneously, or at least while the earth was inhabited
by the same species of animals and vegetables. When the '
fossil remains alter in their nature, and present new tribes of
animals and vegetables, we are sure that the temperature or
lome other essential circumstance has altered, and that the
strata were deposited at a different period. How great an
interval of time elapsed between the deposition of these and
the former strata we have no means of even conjecturing.
The little alteration which has taken place during the 4000
or 5000 years which have elapsed since the beginning of
history, warrants our concluding that the interval between
two such periods must be very long. Such is the mode by
which we are enabled to form some notion of the relative
antiquity of the different beds constituting the crust of the
earth. Let us now turn our attention to these different beds.

CHAP. III.

OF FORMATIONS.

WHEN mineralogists first began to study tbe rocks, they
observed that some of them contained the fossil remains of
animals and vegetables, while others were quite destitute of
any traces of such fossils. lois induced Lehman, a German
mineralogist, when he published his work On the Strata qftke
EarIA, in 1759, to divide rocks into two classes, pritnary and
secondo,!!_ The primary were those which contained no
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animal or vegetable remains; the 8econdary, those in which
such remains existed, or at least those which alternated with
strata containing such remains. This division has been
attended to by all subsequent geologists, and may be con­
sidered as a first step towards a classification of rocks.

The primary and some of the secondary rocks were studied
with great care by Saussure, who devoted the greatest part
of his life to an examination and description of the Alps;
and by Pallas, who, after much laborious travelling, drew up
a geological account of the mountainous portion of the Russian
empire.

But it is to Werner that geology is chiefly indebted for
the high rank which it at present holds among the sciences.
He was Professor of Mineralogy in the l\1ining Academy of
Freyberg, in Saxony, and possessed an influence over the
minds of his students that has seldom been equalled and never
exceeded. He examined the structure of that part of Saxony
where he resided, and determined the relative position of its
different rocks. He then boldly generalized IUs observations,
and affirmed that the structure of the whole earth was pre­
cisely similar to that portion of Saxony which he had examined.
His pupils, actuated by an enthusiasm which nothing could
damp, set about verifying the opinions of their master.
Every corner of Europe was examined with that particular
object in view. At first they scarcely ventured to differ from
the dogmas of their teacher; yet knowledge accumulated pro­
digiously, and after the examination of the volcanic regions of
the globe, which the Saxon professor had never had an oppor­
tunity of studying, some of the most fundamental positions of
Werner were combated and rejected.

The regular distribution of the secondary rocks on every
part of the earth's surface, was still maintained by the pupils
of Werner. These secondary rocks or jOrmation8 (as Werner
had named them) were distinguished by appropriate names,
derived from the nature of the rocks of which they were con­
sidered as composed; they were found in every part of Europe
and America, and from the practice of giving the same name
to rocks situated at a great distance from each other, and from
cODsidering them as having been deposited at the same time
on every part of the earth where they ,occur, much confusion
got into the descriptions, and geology was in danger of revert­
ing again to a state of chaos and confusioD ; when Mr. Willlam.

II. E
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Smith conceived the happy idea of verifying formations by
the fossils which they contain, and of tracing the same forma­
tions by means of the identity of their fossils to great dis­
tances, and of determining this identity, even when the
stony matter of which they were composed was entirely dif­
ferent.

Mr. Smith was a practical engineer in the neighbourhood
of Bristol. The country round that city has been cut through
in .various directions, in consequence of the peculiar position
of its coal beds. This made Mr. Smith well acquainted with
the numerous rocks or formations in that interesting neigh­
bourhood. The rocks round Bristol are full of animal remains,
consisting chiefly of shells. It struck Mr. Smith as very
remarkable, that every particular formation contained, and was
distinguished by containing, particular species of shells not to
be found in the other formations. He made R collection of
these shells, and found, that by his knowledge of them, he
could trace the particular formations to a great distance from
Bristol. He generalized these observations, and concluded
that every formatiOM may be best distinguished by the petri­
factions which it contains.

To verify this idea, he undertook a survey of England aDd
the south of Scotland, and after an arduous labour of twenty
years, produced his geological map of England, exhibiting the
mineralogical structure of that kingdom.· It was this map
which laid open the geology of England to the Geological
Society of London, which had been formed a few years before.
They have prosecuted the subject with an enthusiastic zeal
and a liberality and perseverance, which does them infinite
honour. Mr. Greenough, the original founder of the Hociety,
assisted by some of the most eminent of the Fellows, con­
8truct~d a new geological map of England, in which the
scientific names were introduced, and several corrections made
upon the original map of Smith. Not satisfied with this, they
have published a considerable number of volumes of Transac­
tions, filled with original observations of the most valuable
kind, in which they have thrown a new light, not only on the
geology of England, but of every accessible part of the globe.

• This map was published in the year 1815. But Mr. Smith was
acquainted with the strncture of a great part of England, and with the
fossils peculiar to each bed, as early as the year 1799, if Dot earlier; for,
during that year, he communicated his ~ieWi on the subject to Mr. Towns­
eDd aDd yarioul other geologists.
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The errors of the Wernerian geology have been pointed out
and expunged from the science, and the arrangement of the
secondary rocks bas been based upon the fossils which they
contain, and not upon any supposed identity in their consti-
tuents. .

The formations constituting the outer crust of the earth, so
far 88 it has been penetrated, may be arranged under the fol­
lowing divisions; beginning with the uppermost aDd proceed­
ing regularly in the order of position:-

I. Alluvial beds. 9. New red sandstone.
2. Diluvial. ~ 10. Coal beds.
3. Pliocene. ~ 11. Mountain limestone.
4. Miocene. 12. Old red sandstone and
5. Eocene. greywacke.
6. Chalk. 18. Clay slate and mica slate.
7. Green sand. 14. Gneiss.
8. Oolite.

Besides these, which, with their subdivisions, constitute
the regular strata in the order of position, there occur other
rocks, which seem to have forced themselves up through these
regular strata, and either spread over them or insinuated
themselves between them. These rocks are distinguished by
the names of granite, trap, and porpA1I'7I. Several of these
are peculiar, while others resemble the lavas from volcanoes.
These it will be proper to consider, after having described the
regular beds.

CHAP. IV.

OF ALLUVIAL AND DILUVIAL FORMATIONS.

IN what state the earth came originally from the hands of the
Creator, we have no means of knowing. Even supposing it
to consist entirely of crystallized rocks, still there must have
been part of the surface covered with water and part in the
state of dry land as at present; and this dry land must have
been distinguished by mountains and valleys, otherwise the
economy of nature could not have been similar to what it has
been since it was inhabited by man. We must admit that the
vicissitudes of summer and winter, of rain and 8un!t\\it\~,ia\­
lowed each other as they do at this day. These w~\\t\~
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causes acted upon the mountains and rocks. The frosts in
winter would loosen fragments of stone, which the rains and
torrents would gradually carry to the low country, breaking
them in their descent into smaller fragments, or to grains of
sand. By this means the valleys and flat country would come
gradually to be covered with soil, which is nothing else thaD
rock "comminuted or reduced to impalpable powder. Upon this
soil vegetables would grow, and by their decay would natu­
rally accumulate a matter fit to be employed as the food of
plants. Animals would next make their appearance, after the
earth became covered with a sufficient crop of plants to sup- ,
port them.

Now, this disintegration of rock, which must have com­
menced immediately after the creation of the earth, sti~ COD­

tinues and gives origin to various beds of clay, sand, grave),
pebbles, &c., which we occasionally meet with. The torrents
which, after rain, run down the steep faces of the moun­
tains, gradually wear deep ruts in them, and of course carry
the fragments of rock removed from these places into the
valley below. 1"hese fragments rubbing against each other are
partly converted into powder and partly into rounded pebbles.
The pebbles of course are soon deposited when the declivity
begins to diminish; but the powder being light remains in
suspension so long as the water continues to move rapidly.
These streams, when they reach a lower level, naturally dis­
charge their water into it, and thus form a lake. Here the
water remaining stagnant, will deposit the mud with which it
was impregnated, and make its escape at the farther extremity
of the lake in a state of transparence and purity. If this pro­
cess be allowed to go on long enough, the lake "rill be gradu­
ally filled up on all sides, except a channel through which the
united streams will make their way in the form of a river.
What constituted originally the bottom of the lake, will now
be alluvial soil of greater or less thickness, and composed of
an indefinite number of strata. These strata may be clay or
sand, or loam, or gravel, &c., according to circumstances; or
they may consist of alternations of these in every conceivable
proportion. If the lake contained 8hell-fish, it is obvious that
the remains of these shells will be mixed with the beds. If
these shells be very numerous, they may convert the whole
of the deposits into what in this country is usually called
marl, and which is employed as a manure. Such is the case
witb tbe beds at the bottom of the lake Bakie in Forfarshiret
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described by Mr. Lyell.· Similar deposits of marl have been
observed in different parts of Berwickshire.

In like manner it may be inferred from the appearances of
the valleys of Sanquhar and Closeburn, in Dumfries-shire,
that they were formerly lakes, which llave been drained by
the Nith forcing a passage at their lowest extremity, and
thus carrying all their waters into the sea. Nor is it un­
likely that the valley of the Annan, in the same county, was
also at one time an extensive inland lake.t Humboldt is of
opinion that the vast valley of the Mississippi and Missouri
was at a remote period covered with water, but was drained
by these rivers forcing a passage and carrying off the surface
water into the Gulf of Mexico.

The Falls of Niagara furnish another remarkable example
of a lake in the progress of draining. That river flows from
Lake Erie to Lake Ontario; the former lake being 330 feet
above the latter, and the distance between them being 32
miles. The river before reaching the falls is propelled. with
great rapidity, being a mile broad, about 25 feet deep, and
having a descent of 50 feet in half a mile. It is precipitated
over a ledge of hard limestone in horizontal strata, below
which is a somewhat greater thickness of soft shale, which
decays and crumbles away more rapidly, ~o that the limestone
forms an overhanging mass projecting 40 feet or more above
the hollow space below. The disintegration of the shale is
constant-and the limestone falls occasionally in huge masses
with a noise like that of an earthquake. The waters, which
expand at the Falls, are contracted again after their union into
a stream not more than 160 yards broad. The bed of the
river below the falls is strewed over with huge fragments
which have been hurled down into the abyss. By the con­
tinued destruction of the rocks, the Falls have, within the last
40 years, receded nearly 50 yards. Through this deep chasm
the Niagara flows for about seven miles j and then the table­
land, which is almost on a level with Lake Erie, suddenly
sinks down at a place called Queenstown, and the river
emerges into a plane which continues to the shores of Lake
Ontario. .

There 8eems good reason for believing that the Falls were
once at Queenstown, and that they have gradually receded

• Geological Trans. (second aeries), ii. 71.
t See Jameaon'. Mineralogical Deacription of the Count., at D\l.\\\tn.~~,

p.~.
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about seven miles. This at the rate of 50 yards in 40 yean
must have required a space ofalmost 10,000 years; and should
'the erosion go on at a similar rate, at least 30,000 yeare
will elapse before they reach Lake Erie. When tbat time
comes, Lake Erie, the depth of which does not exceed 12
fathoms, will be suddenly drained, and a tremendous deluge
will be the result.

Another source of alluvial soil is the action of the sea upon
its shores. When the shore is rocky, the continual dashing of the
spray against the face of these rocks, and the corroding effects
of air and moisture cause their constant disintegration. Hoge
blocks are loosened, and tumble into the sea below. These
masses are violently dashed against each other, and against the
rocky shore, when the sea is agitated by a tempest; thus their
corners are rubbed off, and they are converted into rounded
water-worn shingles, which are piled up against the rocky
shore, and thus the sea in such places rai8es a barrier against
itself. This action of the sea is very well seen on the rocky
shore of Scotland from St. Abb's Head, the southern extremity
of the Firth of Forth to Berwick-upon-Tweed. The roeb
are partly greywacke, and partly greenstone, and basalt, and
porphyry. The fantastical shapes into which they have beeD
worn, and the immense collection of fragments at their feet,
and within the limits of the sea, are not a little striking. Nor
are the pbenomena less striking, though the nature of the
rocks is different from the Redhead, at the northern extremity
of the Firth of Tay to the Bullers of Buchan, at the northern
termination of Aberdeenshire. The village of Mathers, two
miles south of Johnsbaven, was built on an ancient shingle
beach protected by a projecting ledge of limestone rock.
This was quarried for lime to such an extent that the sea
broke through, and in 1795 carried away the whole village in
one night, and penetrated 150 yards inland, where it has
maintained its ground ever since, the new village having been
built farther inland upon a new shore.-

Even the chalk cliffs at Flamborough Head are perceptibly
yielding to the destroying action of the sea. But the waste
is much more rapid between that pr~montoryand the Spurn
Point. This tract consists chiefty of beds of clay, gravel,
sand, and chalk rubble. The irregular mixture of the clay
beds causes many springs to be thrown out, which facilitates

• Lyell'. Geology, i. 302.
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the undermining process. Apprehenaion8 are entertained that
before long the Spurn Point will become an island, and that
the ocean entering into the estuary of the Humber will cause
great devastations. For the devastations committed by the sea
upon the coasts of Norfolk, Suffolk, and Kent, and the louth
of England, we refer the reader to Mr. Lyell, who has
described them in detail, and in his usual interesting man­
ner.-

Even in the e8tuary of the Forth, the sea has committed
great devastations within the memory of many persons living.
About forty years ago there was a road from Leith to New­
haven along the sea shore, between which and the sea there
was a considerable beach. The whole of this beach, together
with the road, was swept away by the sea in one winter.
Even that part of the beach which lies between the battery
and the sea, though protected by a stone wall raised at a
great expense, has been repeatedly injured.

To these inroads of the sea, on various parts of the coast,
we are to ascribe the submarine forests which have been
observed in various places on the coast of England. A 8ub­
marine forest on the coast of Lincoln was described many
years ago by Correa de Serra.t A number of islands ex­
tending a considerable way along the coast were found to
consist almost entirely of roots, trunks, brancbes, and leaves
of trees and shrubs intermixed with some leaves of aquatic
plants.

In 1832 Mr. Yates gave an account to the Geological
Society of London of a submarine forest in Cardigan Bay.
I t extends along the coast of Merionethshire and Cardigan­
shire, being divided into two parts by the estuary of the river
Dovey, which separates those counties. It is bounded on the
land side by a 'sandy beach and a wall of shingles. Beyond
this wall is a tract of bog and marsh formed by streams of
water wbich ooze out through the sand and shingles. The
remains of the forest are covered by a bed of peat, and are
distinguished by an abundance of PAolfJ8 candida and Teredo
navalis. Among the trees, of which the forest consisted, is
the pinus sylvestris, or Scotch fir. The tradition is, that this
forest was submerged in the year 520.

Mr. Charles Harris discovered evident traces of a fir wood

• Lyell's Geology, i. 306, &c.
t Pili/" Trans., 1799, p. 145.
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beneath the mean level of the sea at Bournmouth, in Hamp­
shire, the formation having been laid open during a low spring
tide. It is situated between the beach and a bar of sand
about 200 yards off, and extends 50 yards along the shore,

.- cropping out from beneath the sand and shingle. The forma­
tion consists of a stratum of soft peat, in which are implanted
several large stumps of fir. from one to two feet in height, the
roots and hues of which still retain their bark.·

Forests buried under the surface of the ground are met
with occasionally at a distance from the St'L There is a
remarkable example of this about four miles west from New­
castle-upon-Tyne, near the river. About five years ago a
new road was made in that direction, and a field was dug
through to the depth of about four feet. It was found to
consist of a vast number of trees lying on their sides, and
only a few feet below the surface. Many of the trees were
almost fresh. The moss of Kincardine, about six miles west
from Stirling, consists of a bed of peat from 8 to 12 feet
thick. At the bottom of it are a vast number of trees which
have been cut down, and lie usually with their tops turned
eastwards. Even the hatchets with which the trees had been
cut down are occasionally found in the moss. It has been
supposed by some that this is the remains of the Caledonian
forest which was cut down by Agricola.

It is exceedingly probable that forests either cut down on
purpose or allowed to fall down from old age after they have
ceased to vegetate, have given origin to many of the mosses
which are found in such abundance in the temperate regions
of the northern hemisphere; at least there are few mosses in
Great Britain or Ireland in which the trunks of trees (espe­
cially pines) are not found. This is even the case in the
mosses of Caithness; though at present that county is nearly
destitute of wood, and though the proprietors have not been
able to succeed in making trees to grow, at least to any height.

The~trees, after falling, occasioned a quantity of water to
stagnate round them, and thus converted the tract into a bog.
In this bog different species of sphagnum naturally made their
appearance. This moss has the property of decaying below,
while a new crop vegetates on the surface; and in this way a
considerable thickness of decayed vegetable matter was accu­
mulated round the trees. This matter, from the combined

• Lyell's Geology, u. 274.
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action of water and pressure, gradually assumed the nature of
peat, 80 that the whole tract was converted into a mOSL

Considerable tracts of alluvial land have been accumulated
round the coast of Denmark, partly in the state of islands, and
partly attached to the main land. Of the formation and history
of these tracts, a very interesting account is given in the first
volume of M. de Luc's Geological Travels, to which we refer
the reader for much curious information respecting the way in
which land is formed on the borders of the sea.

Besides these alluvial formations, there are others of a
similar nature, but which, judging from the fossil remains
which they contain, must have been formed at a time when
the state of the earth was different from what it is now.
These formations bear unequivocal marks of deriving their
existence from the action of water. On that account they
have been distinguished by Dr. Buckland, and most modern
geologist&, by the name of diluvial deposits.-

A very remarkable diluvial formation occurs under the town
of Brighton, in Sussex, which bas been very well described
by Mr. MantelI.t Brighton is situated on an immense:accu­
mulatioo of water-worn materials, which fills up a valley or
hollow in the chalk. It is enclosed in chalk 00 every side,
except the south, where it is washed by the sea, forming a
cliff, from 70 to 80 feet high: It is composed of broken
fragments of chalk, with angular pieces of flint, imbedded in a
calcareous mass, of a yellow colour, constituting a hard and
coarse conglomerate. It is not stratified, but is merely a
confused heap of alluvial materials. In the inferior portion of
the mass the chalk is reduced to very small pieces, which
gradually become large in proportion to their height in the
cliff. At length fragments of flint appear, and these increase
ill size and number as they approach the upper part of the
bed, of which they constitute the most considerable portion.
These flints are more or less broken, and resemble those which
have been long exposed to the atmosphere. It contains also
water-worn blocks of siliceous sandstone, and ferruginous
breccia. Thus, all its constituents are obviously derived from
the rocks in the neighbourhood, which must have been forcibly
broken and triturated by the violent action of water, though
at present they are several hundred feet above the level of the

• From the Latin word dilu"ium, which aigninea a flood.
. t GeoJOKY ofthe South East of England, p. 29.
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sea; and before the upper portions of them were worn away
they must undoubtedly have been considerably higher.

The organic remains discovered in this deposit are the bones
and teeth of the ox, deer, horse, and of the Asiatic elephant.
These occur but seldom, and are generally more or less water- .
worn; but in some instances they are quite entire, and canDot
have been subject to the action of the waves. It is obvious
from this, that this deposit (called by Mr. Mantell the eleplulN
bed) Illust have been form~d at a time when the south of
England was inhabited at once by the Asiatic elephant, the
ox, the deer, and the horse, and therefore at a time when the
climate was milder than at present.

_, Tbe city of Glasgow is built upon a thick bed of siliceous
sand, composed of grains of quartz obviously water-worn. To
the north and west of the city there are low hills composed of
clay, interspersed with fragments of other rocks, most com­
monly clayslate, greeDstone and sandstone, though I have met
with a few fragments of granite and porphyry. These frag­
ments are often of the size of the human head, or even larger.
They are all rounded, and obviously water-worn. The hill at
the west end of the city is elevated at least 200 feet above the
8urface of the Clyde. This hill, called Blythswood hill, is
composed of the same clay as the other hills in the neighbour­
hood. The sand is very similar in appearance to what
constitutes at present the bed of the Clyde. We might there­
fore suppose that it had been formed in the course of ages by
the action of that river, which might perhaps have repeatedly
altered its course, and thus given birth to a pretty broad tract
of sand. But the existence of Blythswood hill, and the hill
to the north of the city, which consist of beds of sandstone,
covered at the top by eight or ten feet of clay, could not well
be ascribed to any such deviations of the course of the river.
The sand and the clay can be observed in contact nowhere in
the immediate neighbourhood of Glasgow; but at Dalmuir,
about seven miles down the Clyde, the sand is seen very
evidently overlying the clay. We may therefore conclude,
from analogy, that at Glasgow the clay (constituting the rising
grounds) is an older deposit than the sand.

But the remarkable circumstance, which throws back the
formation of this deposit of sand to a very remote era, is, that
it is traversed from east to west by two dykes or veins of
greenstone, which probably bold a direction approaching to

parallel, at a distallce of about half a futlong ftom ea.ch. other.
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The farthest south of these dykes was cut through about 16
years ago, in making a common sewer in Virginia Street. The
greenstone dyke was found to cross the street somewhere about
the middle of its length. The other dyke was detected about
5 years ago, while digging the foundation of the Bank of
Scotland, on the north side of Ingram Street, at the end of
Glassford Street. About a year after, the same dyke was met
with at the western extremity of College Street, while digging
the foundation of the Chemistry laboratory and Class-room.
This situation is a little to the north of the former. Hence,
the dyke Beems to run from east by north, to west by south.
It was not possible to determine the thickness of these dykes,
nor to examine their junction with the sand. They consisted
of a hard small-grained greenstone, very similar to other rocks
of the same formation in the neighbourhood. If these green­
stone dykes were deposited after the formation of the sand, it
is evident that the date of this diluvial deposit, upon which
Glasgow is built, must be very remote.

The hill on the north side of the city of Glasgow, and upon
which the oldest portion of the town is built, may be about
300 feet above the bed of the Clyde. It is a round-backed
hill, running from welt to east, and gradually sinking at both
extremities. The under portion of this hill is composed of
thick beds of coal sandstone, alternating with thin beds of slate
clay and shale. The upper portion is a thick bed of strong
blue clay, without any visible stratification. It is full of water­
worn pebbles of different sizes; the largest, which consist of
rounded blocks of greenstone and granite, are found toward.
the bottom; the smaller pebbles, of red and yellow sandstone,
clay slate and quartz, are nearer the surface. These pebbles
are all quite smooth, and those of greenstone and granite are
often almost spherical.

No shells have been observed in the gravelly soil upon
which Glasgow is built; but the same kind of bed may be
traced a considerable way down the Clyde, and depots of shells
have been observed at Rothesay, Paisley and Roseneath. Near
Dalmuir, in the parish of Old Kilpatrick, about 7 miles west
from Glasgow, there occurs a bed of shells, at least 8 feet
thick. This bed lies in the gravel, and constitutes a circular
space about 4: yards in diameter. All the shells are recent,
and most of them belong to species still existing in the sea on
the welt coast of Scotland. The following 29 a~e.c\e% ~~'t~
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picked up by my son in this bed, during about half an hour's
examination on two separate days :-.

EcAinite.
1. Echinus esculentus.

SAelU.
1. Serpula,
2. Balanus scoticu8,
3. Mya truncata,
4. Saxicava rugosa,
5. Amphidesma Boysii,
6. Tellina tenuis,
7. Lucina BexuoS&,
8. Astarte minima,
9. Cyprina vulgaris,

10. Nucula minuta,
11. Cardium edule,
12. Anomia ephippium,
18. Mytilus edulis,

14. Modiola albic08tata,
15. Pecten IsIandicus,
16. Pecten pusio,
17. Patella parva,
18. Fissurella Noaehina,
19. Velutina communis,
20. Helix lrevigata,
21. Natica glaucinoides,
22. Littorina vulgaris,
23. Trochus cinerarius,
24. Lacuna vinct&,
25. Rissoa,
26. Fusus Bamffius,
27. Fusus lamell08us,
28. Buccinum undatum,
29. Buccinum striatum.

These shells are all natives of the British sea, with the
exception of the Fusus lamellosus, which has only been
observed about the Straits of Magellan, and the natica glau­
cinoides, which is a crag fossil. But the most common shells
in the neighbouring sea are the rarest at Dalmuir; while those
found at Dalmuir in the greatest profusion are mostly rare in
the sea. Thus of the Mya truncata, one of the commonest
shells in the Firth of Clyde, only one imperfect specimen was
found at Dalmuir; while the Fusu8 Bamffius, Lacuna vinet&,
Fissurella Noachina, and Astarte minima, none of which are
common shells, together with Natica glaucinoides, a crag fossil,
are very common at Dalmuir.

The carse of ~tirling bears some resemblance to the alluvial
formation round Glasgow. The uppermost bed of the carse
is a stiff blue clay, containing numerous fragments of shells
about a foot and a half below the surface, but so tender and 80

much broken that only two species have been made out;
namely, tIte cardium edule and the turbo littoreus. There is a
third species (perhaps a teUina), but so much broken that it
cannot be determined with certainty. These shells are

• See his paper in the Records of. General Science, i. 131.
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common in the Frith of Forth at this day. They show in the
most unequivocal manner, that the whole carse bas been
covered by the sea since it has been inhabited by the same
shell fish that live in it at present.

Below the clay lies a bed of Sand of unknown thickness.
The clay bed is thickest at the east end, and gradually thins
out to the west. At Touch, about 3 miles west of Stirling,
it is only a few inches thick. At the Castlehill of Stirling its
thickness is 21 feet. Farther east than this I am not aware
that the sand has been observed under the clay, though its
existence may probably be inferred from analogy•.

That part of Inverness-shire through which the Caledonian
canal has been cut consists of a diluvial gravel of very COD­

siderable thickness. It is composed of water-worn pebbles,
chiefly or entirely derived from the rocks in the neighbour­
hood.

The east coast of Sutherland from the Ord of Caithness to
the Firth of Dornoch, a few spots excepted, consisted some
years ago of a deep mould thickly mixed with rounded
boulders of granite of all sizes, from several tODS weight to
the size of a pea. The late Duke of Sutherland improved a
considerable portion of this tract at an immense expense, by
trenching the whole and blasting the boulders, which were
built up into walls by which the fields were divided.

Connected with these diluvial deposits are the immense
masses of rock which have been carried to a great distance
from the mountain masses whence they were taken, and
deposited upon the surface. Thus the west coast of Ayr8h~re,

in Scotland, is scattered thick with blocks of granite, 'obvi­
ously of the same kind 88 what constitutes the central Arran
mountains. Now, between Arran and Ayrshire there is
interposed a portion of sea, which in its narrowest part is
twelve miles broad. It seems impossible to conceive that
these blocks were transported through the sea. 1'he transport
Blust have taken place either at a time when Arran was joined
to the mainland of Scotland, or when the coast of Ayr was
sunk under the sea, and at least as deep as any part of the
sea between it and Arran.

At Crieff, in Perthshire, there occurs a series of low hills
running parallel to the Grampians. These hills consist of old
red sandstone and greywacke. On one of them, the Cnock,
the village of CriefF is built. Upon the 8outh.east·,\~e ai \\\.\~

j,jJJ, towards the southern extremity, Dot far ftom \\\e '6um\\\\.~
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there are deposited a number of boulder stones of .yenitie
granite. The largest of these is called the cradles~. It is
nearly spherical, quite smooth on the surface, and 29 feet in
circumference. It has been split in two by lightning, (aecord­
ing to the tradition of the place,) and one of the fragments hu
made one complete revolution down the hill and then stopped.
The weight of this boulder is about 30 tons. The nearest
mountains of syenitic granite, are those in the neighbourhood
of Bennevia, distant more than 60 miles north-west, and
between which and the Cnock, a considerable Dumber of
mountains are interposed, composed of porphyry, mica slate,
and clay slate. It is impossible that such a block could have
made its way to such a distance and over such obstacles. It
is obvious, that when it was transported to Strathearn, the
mountains at present interposed could not have existed.

Many similar boulders have been observed in the vales of
Westmoreland and round the Solway Firth, and indeed in
many parts of England.

Dr. Hibbert found fragments of rocks at Papa Stour, in tbe
Shetland islands, which must have travelled twelve miles from
Hillswickness. At Soulam Voe, open to the northern ocean,
there are boulders three or four feet high, which do not cor­
respond with any rocks in the country, and were probably
derived from the northwards.

The vast number of erratic blocks of granite on the south
side of the Baltic, and indeed scattered over the surface of .
Sweden and Russia, have been long known. All these cor­
respond with the mountains on the north of Scandinavia and
Russia. Count Razomouski informs us, that where many
blocks are accumulated, they form parallel ranges with a
direction from north-east to south-west. These blocks are very
numerous between St. Petersburgh and Moscow, and are all
composed of Scandinavian rocks. In some places, particularly
in Esthonia, they appear and disappear at greater or smaller
intervals, apparently owing to the form of the land at the time
of their transport. They occur abundantly on the heights,
and are but rarely and thinly scattered over the lowlands.
Professor Pusch informs us, that the erratic blocks, from the
Duna to the Niemen, are composed of granite resembling
that of Wiborg in Finland, of another granite with Labrador
felspar from Ingria, of a red quartzose sandstone from the
shores of lake Onega, and of a transition limestone from
Estbonia and Ingria.
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In eastern Prussia, and in that part of Poland situated
between ·the Vistula and the Niemen, the granitic blocks are
abundant: three varieties of granite are the same as those
found in Finland, at Abo, and Helsinfors: another coarse­
grained granite and a syenite, are also from the north. The
hornblende blocks of the same countries, are from southern
and central Finland. The quartzose blocks are exactly the
same 88 the rocks named Fjall Sandstein, between Sweden
and Norway. While the porphyry blocks have the same
character as the porphyries of Elfsdalen in Sweden. From
Warsaw to the west, towards Kalish and Posen, the blocks of
red granite of Finland diminish in number, but those com­
posed of hornblende rocks and gneiss become more abundant,
88 is also the case with those of porphyry. Few Finland rocks
are found there, while those of Sweden are common.-

Blocks of extraordinary magnitude have been observed at
the foot of the Alps, and at a considerable height in some of
the valleys of the Jura, exactly opposite the principal open­
ings by which rivers descend from the Alps. These blocks
are composed of the same materials as the rocks of the Alps,
from which they must have proceeded. Many speculations
have been indulged in to account for the transportation of
these blocks, such as ice, torrents, the rising or subsidence of
the mountains. But it seems unnecessary to enter upon such
speculations, because nothing better than conjecture has been
advanced in their support.

Another remarkable class of substances which have been
considered as diluvial, are collections of bones accumulated in
caverns. Geologists are obliged to Dr. Buckland for first
turning their attention to this subject, and for contriving a
theory, so ingenious and plausible, that it has been generally
adopted. 1'he cavern of Kirkdale, in Yorkshire, was dis­
covered in 1821. Dr. Buckland visited it in the autumn of
that year, and inserted a full account of the fossils found in
it in the Philosophical Transacti0n8 for 1822. The cavern
occurs in a bed of oolitic limestone, and is situated about 36
feet above the bed of the Hodge Beck. It lies on the north
side of the valley of Pickering, in Yorkshire, distant about
25 miles from the city of York. The cave was accidentally
opened by workmen while engaged in quarrying the rock.

• Pusch, Jour. de Geologie, ii. 253, u quoted by De \a l\eene,\t\al\~,
p. 17i.
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It is a low zig-zag cave extending in length above 150 feet
and from 2 to 7 feet in height. It is partly filled with stalac­
tite and stalagmite, and the bottom contains a bed of mud, in
which the bones are irregularly distributed. The bones an
those of a h,lama,· similar to the species which occurs at the
Cape of Good Hope, of the bear ("Taus speltmu), the tig~,

the foz, the wolf, the elephantt the rhinoceros, the hippopota­
mU8, the oz, a very large deer, various species of deer, the
water-rat, the rabbit, the mmue, the raven, the pigeon, the
duck, the Iwg. No complete skeleton of any of these animals
occurred, but only detached bones. These bones were much
worn down, or gnaloed, as Dr. Buckland expresses it. And
fragments of a substance like album grmcum, which he COD­

siders as the excrement of hymnas, were also found. Dr.
Buckland also mentions bones of the horse among those found
in the cave; but Mr. Young assures us that these bones had
been introduced by some persons in the neighbourhood with
the malicious design of misleading the doctor in his researches.
Dr. Buckland is of opinion, that at a very remote period when
hymnas, and otber tropical animals, were inhabitants of
England, this cave was occupied as a den of hymnas. That
these animals had dragged fragments of the carcasses of the
larger quadrupeds into their den, and after devouring the
flesh had left the bones. The smaller animals were dragged

, in altogether. The flood, he is opinion, surprised "these ani­
mals in their den, but did not enter with such rapidity as not
to permit them to escape. Hence the reason why no skele­
tons of hymnas have been found in this cave. The cave'
being filled with muddy \vater, this mud gradually subsided
and enveloped the bones.

Such is the theory of Dr. Buckland respecting the bones
in this cavern, and he has rendered it by his ingenuity exceed­
ingly plausible. Even though we should hesitate about
adopting his conclusion that the cavern was a hY~Da'8 den,
still it could scarcely be doubted from the phenomena that
the cavern had been filled with turbid water, at a time when
the animals, whose bones are found, inhabited England, and
consequently when the climate was very different from what
it is at present.

Caverns with similar deposits of bones and muddy matter

• or the bones found in such caverns about eleven-twelfths belong to
carnivorous animals. Three-fourths are the bones of bears, one-sixth of

A¥tIWiU, ad the remaining oDe-twelt\h, the bones of all the other animala.
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are found in other part~ of England. Thus three different
caverns were met with in the limestone rock at Oreston in
Catwater, near Plymouth, by the workmen while quarrying
stones for the Plymouth breakwater. An account of these
caverns by Mr. Whidbey has been published in the Plliloso­
phical Transactions.·

Tbe bones found in the first cavern, discovered in 1816,
belonged all to the rhinoceros. One cavern, found in 1820,
contained bones and teeth of the bear; and another contiguous
contained only bones of a deer or antelope. In the cavern
discovered in 1822 were found the bones of the ox, the deer,
the horse, the hymna, the wolf and the fox. These caverns
communicated with each other, and the bones of the herbi­
vorous animals were found huddled together, but those of the
carnivorous at a distance from each other: those of the hymna
being in one cavity, and those of the wolf and fox in another.
-Some of these bones were partially covered with stalagmite,
but most of them were merely imbedded in a stiff clay which
filled the bottom of the caverns. From the trials of Mr. Clift
it appeared that these bones had been deprived of almost all
their cartilaginous matter, which ,,·as not the case with those
in the Kirkdale cavern.

Banwell cave, in the Mendip hills, was found to contain
bones of the bear, cat, deer, ox, and some other animals.
Similar caverns Ilave been met with at rrorquay, and in
different parts of Wales.

The German caverns of Gailenreuth, Kiiloch, Bauman, &c.
contain an abundance of bones, nearly identical, according to
euvier, over a space of 200 leagues, by far the greater pro­
portion being referrible to two extinct species of bear, Uraua
spelaus and Ur8U8 arctoideus. TIle remainder consist of the
extinct llyoma (the same as in the Kirkdale eave), a filis, a
glutton, a wolf, afox and polecat. In these caves there is more
.or less of a stalagmitic crust, beneath which the bones are
discovered, the stalagmitic matter being frequently transfused
through the previously deposed sediment. They contain
occasionally also some water-worn pebbles.

I think it unnecessary to describe similar caverns which
have been met with in various parts of France; nor the
osseous breccias of Italy, Sardinia, Gibraltar, Corsica, and
other places on the shores of the Mediterranean.

JJ.

• Phil. Trans., 1823, p. 78.
F
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But it may be worth while to notice a similar cave discovered
in New South Wales, and described by Major Mitchell. The
principal ossiferous cavity -is situated near a large cave in
Wellington valley, about 170 miles from Newcastle, through
which valley ftows the river Bell, one of the principal sources
of the Macquarrie. The cavern is a wide and irregular well
or fissure, accessible only by ladders or ropes, and the breccia
is a mixture of limestone fragments of various sizes, and bona
enveloped in an earthy red calcareous stone. The bones
have been referred to the kangaroo, wombat, da81/Uru,
ioaltJ and plwlangiBta, all animals at present existing in New
Holland. But bones also of the elephant have been met with
in it, and in another cavern bones of a kangaroo, exceeding
by one-third the largest known species of that genus.

Dr. Bigsby has described a cavern at Lanark, in Upper
Canada. The 1Ioor is covered with the debris of a broWD
granular limestone, similar to that of the rock in which the
cavern exists, forming, with the bones, a kind of breccia,
similar to that in the cavern of Adelsberg.

In some of these 08siferous caverns in France, along with
the bones there occur fragments of ancient pottery, and 0cca­

sionally human bones, showing that at least a portion of these
bones were deposited in the caverns after the country had
been inhabited by man. In some of the Welsh caves human
bones have been found, but from the way in which they are
deposited there is reason to believe that they had heeD
employed as burying places.

It is evident from these examples, and many more might
have been adduced, that what have been called diluvial dep08it.
are of very different ages, and that, like all the other beds
constituting the crust of the earth, they owe their origin to the
action of water. It would not be an easy matter to distinguish
between alluvial and diluvial deposits; probably, in many
cases there is no real distinction in the agen ts, e:sceptiDg,
perhaps, in their amount.
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THE term pliocene- has been contrived by Mr. Lyell, and
applied to certain tertiary deposits distinguished by the great
number of recent shells which they contain, but mixed with
many species which no longer exist. These beds he subdivides
into two groups, namely, taefDer pliocene, and older pliocene;
the former containing a greater proportion of recent shells than
the latter. The following table exhibits Mr. Lyell's arrange­
ment of these strata:-

I. Newer Pliocene.
C~racter. LocaUtleL

~ Strata of the Val di Noto, in Sicily, Ischia,
Marine. l. Morea? Uddevalla.
}~resh water. Valley of the Elsa, around Colle, in Tuscany.
V I· SOlder parts of Vesuvius, Etna and Ischia-

o caDle. ~ volcanic rocks of the Val di Noto.

II. Older Pliocene.
Ma ~ Northern sub-appenine formations, 88 at Parma.

rine. l. Asti, Sienna, Perpignan, Nice-English crag.

F h t {
Alternating with marine beds near the town of

res wa ere S.
lenna.

Volcanic. '1olcanoes of Tuscany and Campagna di Roma.

We shall treat of these two groups in their order.

I. Newer Pliocene Formation••
The most remarkable of these beds exists in the Island of

Sicily. About two-thirds of this island are occupied by primary
and secondary rocks, the remaining third is covered by tertiary
formations, which are of great extent in the southern and
central parts of the island.

The Val di Noto is a district which intervenes between Etna
and the southern promontory of Sicily. A considerable tract
of it, containing within it hills wbich are from 1000 ·to 2000
feet in height, entirely composed of limestone, marl, sandstone,

• From ..A..., ,eater, and ......, ftft).
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and associated volcanic rocks, belongs to the newer pliocene
era. These rising grounds of the Val di Noto are separated
from the cone of Etna and the marine strata whereon it rests
by the low fiat plain of Catania, just elevated above the level
of the sea, and watered by the Simeto. The whole series of
its strata are divisible into three groups, exclusive of the
88sociattad volcanic rocks. l"he uppermost mass consists of
limestone, which sometimes constitutes a bed 700 or 800 feet
in thickness. Below this, but much inferior in thickness, the
following beds occur in the order in which they are named :-

2. Calcareous sandstone.
3. Conglomerate.
4. Shistose limestone.
5. Blue marl.

The whole of these beds contain shells and zoophytes, nearly
all of which are referrible to species now inhabiting the COD­

tiguous sea.
The uppermost, or great li,neslone bed, often resembles the

yellowish-white building stone of Paris, well known by the
name of cakaire grossie're, or coarse limestone; but it often
passes into a much more compact stone. In the valleys of .
Sortino and Pentalica it is in strata nearly horizontal, and
very regular. It abounds in natural caverns. The shells in
this limestone are often very indistinct, sometimes nothing but
casts remaining; but in many localities, especially where there
is a slight intermixture of volcanic sand, they are more entire,
and can almost all be identified with recent Mediterranean
testacea. Several species of pecten, particularly the JacolHBru,
or large scallop, now so common on the coasts of Sicily, are
very numerous. rrhe following shells, at present found in the
Mediterranean, have been figured by Mr. Lyell as occurring
in this formation :-

l'urbo rugosus, Pleurotoma vulpecula, .
Trochus majus, Buccinum prismaticum,
Solarium variegatllm, Cassidaria echinophora,
TorlJatella fasciata, Cytherea exoleta.

A list of the other shells belonging to this formation will be
found in M. Deshayes'8 tables of fossil shells, inserted at the
end of the third volume of Lyell's Geology, to which the
reader is referred.

The mineral characters of this great calcareous formation
vary considerably in different parts of Sicily. In the south,
near tJJe town of Noto, the rock puts 011 the compactness,
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together with tIle spheroidal concretionary structure of some
of the Italian travertins. At the same place it contains the
leaves of plants and reeds. At Spaccaforno, and other places
in the south of Sicily, a similar compact variety of limestone
occurs, where it is for the most part pure white, often very
thick, and without any lines of stratification. This hard white
rock is often four or five hundred feet in thickness, and
appears to contain no fossil shells. It has much the appear­
ance of having been precipitated from the waters of mineral
springs, such as frequently rise up from the bottom of the sea
in the volcanic regions of the Mediterranean.

This great limestone passes downwards into a white calca­
reous sand, which has sometimes a tendency to an oolitic and
pisolitic structnre. At Florida, near Syracuse, it contains a
sufficient number of small calcareous pebbles to constitute a
conglomerate, where also beds of sandy limestone are asso­
ciated, replete with numerous fragments of shells, and much
resembling the English cornbrash. In some parts of the
island this bed seems to be represented by yellow sand, like
that superimposed on the blue shelly marl of the Subappenines
in the Italian peninsula.

Under the preeeding beds is found an argillaceous deposit
of variable thickness, called creta in Sicily. It resembles the
blue marl of the Subappenine hills, and like it, encloses fossil
shells and corals in a beautiful state of preservation. A list of
these shells will be found in Desbayes's table at the end of
Lyell's Geology. Almost the whole of them are identical
with shells at present existing in the Mediterranean.

rI'his bed usually rests on an older series of white and blue
marls, containing skeletons of fish interposed between the thin
laminm of the white marls.

The volcanic rocks associated with these beds, constitute a
very prominent feature in the Val di Noto. These lavas some­
times lie under and sometimes over the stratified rocks. For
we find dykes of lava intersecting both the marl and lime..
stone, while in other places calcareous beds repose upon lava,
and are unaltered at the point of contact. rl'hus the shelly
limestone of Capo Santa Croce, rests in horizontal beds upon
a mass of lava, which had evidently been long e.xposed to the
action of the waves, so that the surface has been worn quite
smooth. This limestone is unchanged at its junction, \\l\\\

encloses within it pebbles of lava.
1ne yolcanic rock of tIle Val di Noto, \\8ua\\)' con!t\'&\'6 \)\
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the most ordinary variety of basalt with or without olivine.
It is sometimes compact, often very vesicular. The vesicles
are either empty or filled with calcareous spar, arragonite,
and zeolites. The structure is sometimes spheroidal and
sometimes, though rarely, columnar.

The formation of these different pliocene rocks seems to
have been a very slow process. Near Lentini, Mr. Lyell
found some imbedded volcanic pebbles, covered with full
grown serpuhe. At Vizzini, a bed of oysters, the same as our
eatable species, and twenty feet thick is seen resting upon a
current of basaltic lava. Upon the oyster bed is superimposed
a second mass of lava, together with tuff and piperino. Near
Galieri, a horizontal bed about a foot and a half thick, com­
posed entirely of a common Mediterranean coral (Cargo­
pllyllia ceapitosa) is seen in the midst of the same series of
alternating igneous and aqueous formations. These corals
stand erect as they grew, and after being traced for hundreds
of yards, are again found at a corresponding height on the
opposite side of the valley.·

Similar deposits of newer pliocene formations were ob­
Rerved by }\tIre Lyell at the foot of Mount Etna. At the base
of the cone there runs a low line of hills formed of clays and
marls, .associated with yellow sand, similar to the formation
provincially termed Creta in different parts of Sicily. "his
marine formation, composed partly of volcanic and partly of
sedimentary rocks, is seen to underlie the modern lavas of
Etna. Its extent cannot be determined; but it contains the
same shens and constitutes a similar formation with that in
the Val di Noto already described.

The same formation exists on the east side of Etna and in
the C}rclopian islands, in the larger of which it seems to have
been heaved up and contorted by masses of columnar lava
that lie under it. Mr. Lyell is of opinion, that the whole of
Mount Etna, except what has been formed during the histori­
cal era, belongs to the newer pliocene formation. On the
eastern side of the mountain there is a deep valley called Val
del Bove, where the structure of the mountain may be studied.
It is a vast amphitheatre four or five miles in diameter, sur­
rounded by vertical precipices, varying from 1000 to above
3000 feet in height. Here a great multitude of vertical
dykes may be seen in all directions traversing the volcanic

• I.1YcU's Geology, ii\. 6'2.
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beds, which all dip towards the sea. Some of those dykes are
compact trachyte, others consist of blue basalt with olivine.
They vary in breadth from 2 to 20 feet and upwards, and
usually project from the face of the cliff. They consist of
harder materials than the strata which they cut, and therefore
waste away less rapidly. They obviously consist of lava cur­
rents which made their way through rents in the older lavas.

Mr. Lyell is of opinion, that these newer pliocene be'ds
were gradually deposited at the bottom of the sea by aqueous
attrition from tile rocks, &c., on the contiguous land, that
there they were mixed with the shells which existed in the
Mediterranean at the time of their deposition; and that they
were gradually and slowly hardened and elevated by volcanic
energy. He has produced a great many proofs, that the lea
coast in many parts of Italy has been raised within the histori­
cal era. One of the most remarkable of these examples, is
the temple of Serapis at Puzzuoli. The base when built,
must have been above the level of the sea. Afterwards it
sunk below that level, as is obvious from the columns, to the
height of 20 feet being perforated by Lithodomous shells.
Finally, it must have been again elevated at least as high 88

when originally built.·
Mr. Lyell has pointed out the existence of ,similar newer

pliocene formations in Campania, at Conception bay in Chili,
the parallel roads of Coquimbo in the same country, at Hon­
duras, Madeira, and in several other localities.

Several fresh water formations of the same period are also
enumerated by him, as the valley of Elsa in Tuscany, between
Florence and Sienna, where we meet with fresh water marls
and travertinst full of shells, belonging to species which now
live in the lakes and rivers of Italy. Valleys several hundred
feet deep have been excavated through the lacustrine beds,
and the ancient town of Colle stands on a hill composed of
them. The travertins and calcareous tufas which cap the
hills at Rome, may belong to the same period. The terres­
trial shells enclosed in these masses, are of the same species 88

.. Lyell's Geology, i. 517.
t The term trowertin is applied by the Italians to a limestone deposited

from the water of springs holding lime in lolution. The Germans give to
the same substance the name of luUktujf. The Italian word is a conuption
o( the term Tib",.tinlU, the stone being formed in great ~uau\\\,~, ~~

river Anio at TibCT, near Rome, and hence it wu ea\\e(\ b., \ue al\a~l.\"

£opli Fi611Fli1lUI.
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those now abounding in the gardens of Rome; and the accom­
panying aquatic shells are such as are found in the streams and
lakes of the Campagna. On Mount Aventine, the Vatican,
and the Capitol, we find abundance of vegetable matter, prin­
cipally reeds encrusted with calcareous tufa, and intermixed
with volcanic sand and pumice.·

Several fresh water breccias belonging to the same period
occur in Sicily. Thus, for example, caves occur in the new­
est pliocene limestone of the Val di Noto, containing a breccia
in which bones of extinct species of the elephant and hippo­
potamus occur. Similar caves are met with near Palermo.
Mr. Lyell assigns the erratic blocks of the Alps to the same
period.

In the pliocene formations there occur about 55 species of
plants. Of these 27 belong to recent species, 22 are con­
fervm, 5 are palmm. The remaining 10 species are too
imperfect to enable us to refer them to any peculiar class.

IL Older Pliocene Formations.
These formations are not covered by the preceding, but are

considered as of a more ancient era, because they contain a much
greater number of extinct fossil shells. Like the preceding
formations they exist in greatest perfection in Italy.

The Appenines constitute a range of mountains which
branches off from the Ligurian Alps and passes down the
Italian peninsula. At the foot of these mountains, both on
the side of the Adriatic and the Mediterranean, is found a
series of tertiary strata, which form a line of low hills occupy­
ing the space between the older chain and the sea. Brocchi
first observed, that more than one-half of the shells in these
tertiary strata agree with species now living in the Mediter­
ranean, or in other seas chiefly of warmer climates.

The most important of these beds is a marl, which varies
in colour from greyish brown to blue. 'It is very aluminous,
and usually contains much calcareous matter and scales of
mica. Sometimes it is thinly laminated, but often exhibits
no lines of distinction throughout a considerable thickness.
In some of the hills near Parma, this marl acquires a thick­
ness of nearly 2000 feet, and is charged throughout with
shells, many of which are such as inhabit a deep sea. They

• For an account of the Geology of Rome, we refer to an excellent paper
hy HolFm1lnn, accompanied by a gcologir.al map inserted in Poggendorff's
Annalcn, zvi. 1.
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often occur in layers 80 as to indicate a gradual accumulation.
They are not flattened, but are filled with marl. Beds of
lignite are sometimes interstratified, as at Medesano, four
leagues from Parma. Subordinate beds of gypsum also occur
in many places, as at Vigolano and Bargon~, in the territory
of Parma, where they are interstratified with shelly marl and
sand.

The other member of the Subappenine group, the yellow
sand and conglomerate, constitutes usually a border formation
near the junction of the tertiary and secondary rocks. In
some cases, as near the town of Sienna, we see sand and
calcareous gravel resting immediately on the AppeDine lime­
stone, without the intervention of any bllle marl. Alterna­
tions are there seen of beds containing river shells, with others
filled exclusively with marine species, and oysters are attached
to many of the limestone pebbles.

These tertiary strata have resulted from the waste of the
rocks which now form the Appenines, and which had become
dry land before the older pliocene beds were deposited; even
at present, the rivers carry into the sea a sediment exactly
similar to the marl above described. And yellow sand 'is
thrown down by the Tiber near Rome, and by the ArDo at
Florence. The northern part of the Appenines, consists of a
grey micaceous sandstone with an argillaceous base, alternat­
ing with shale, from the degradation of which brown clay and
sand would result.

The shells contained in these tertiary-beds are soft when
first taken' from tbe marl, but they become hard when dried.
The superficial enamel is often well preserved, and many
sllells retain their pearly lustre, and even part of their exter­
nal colour, and the ligament which unites the valves. l"he
microscopic shells abounding near Sienna are very perfect.
In some large tracts of yellow sand it 1s impossible to detect
a single fossil, while in other places they occur in profusion.
These testacea are referrible to species and families of which
the habits are extremely diversified, some living in deep,
others in shallow water, some in rivers or at their mouths.
Mr. Lyell saw a specimen of af,.esh water univalve (Limnea
palu8tris) taken from the blue marl near Parma full of small
marine shells. Blocks of Appenine limestone are found in
this formation drilled by Iithodomous shells. The rema,\n%
not only of testacea and corals but of tishes ann cla\)'6, ~,~
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met with, 88 also those of cetacea, and even of terrestrial
quadrupeds.

Mr. Lyell has pointed out the existence of these older
pliocene formations along the coast of the Mediterranean,
from Genoa (or at least the base of the 1fIaritime Alps) to Nice.
There is also a considerable thickness of the same tertiary
strata on the borders of the Mediterranean at the eastern
extremity of the Pyrenees, in the valleys of the rivers Tech,
Tet, and Gly. They are very similar to the Italian beds,
consisting partly of a great thickness of conglomerate, and
partly of clay and sand, with subordinate beds of lignite.
They abut against the primary.

Marine strata of the older pliocene period occur in patches
at Malaga and Granada, in Spain. They have also been
observed in the Morea by MM. Boblaye and Verlet.

The reader will find a list of the principal shells hitherto
found in the older pliocene formations, at the end of the third
volume of Lyell's Geology.·

A portion of the older pliocene formation occurs on the
coast of Norfolk and Suffolk, where it is locally known by the
name of crag, which is said to be a term applied in Suffolk to

'and.
The extent of the cr-ag has Dot yet been accurately defined.

It rests sometimes upon the London clay, and sometimes upon
chalk. It is first seen at Walton Nase, in Essex, where it is
exposed on the cliff for 300 paces in length. It caps the
cliffs on both sides of Harwich. Quarries of it are worked
on the southern bank of the river Orwell, in Suffolk; and
near Southwold, which is about two miles south of Lowesto~
it appears in the cliff together with sand and red loam cover­
ing the London clay. The same bed of shells is found upon
digging through Suffolk and a great part of Norfolk. Mr.
Woodward informs us that it is found at Cromer, and west­
ward of that town at Coltishall, and round Norwich. Mr.
Richard Taylor of Norwich has given us a section of its
strata as they appear at Bramerton, on the southern bank of
the Yare resting on the upper chalk.t The strata visible are
twelve in number, and are as follows, beginning with the
uppermost:-

• The preceding account of the pliocene formations in Italy is taken
from the third volume o( Mr. Lyell'. Geology.

f GeoJogicaJ Tl"&D88CtidDi (second series), i. 871.



PLIOCENE FORMA1'IONS. 75
Thicbeda.

Feet.
I. 5 Sand without organic remains.
2. 1 Gravel.
3. 4 Loamy earth.
4. It Ferruginous sand, containing hollow nodules.
5. Ii Coarse white sand with a vast number of shells.
6. . Il Gravel with fragments of shells.
7. 15 Brown sand with a seam of fragments of shells.
8 31 SCoarse white sand with shells. Tellinre and

• ~ ~ murices most abundant.
9. 15 Red sand with organic remains.

10. 1 Loamy earth with large stones and crag shells.
11. I Large flints in situ in the chalk.
12. 15 Cbalk.
The thickness, exclusive of the chalk and iliuts, amonnts

to 49 feet.
Mr. Taylor has given U8 the following table of the shells

found by him in this section :-

Sbe1Jl.

Emarginula reticulata.
Turbo littoreus, 4 varieties
Scalaria similis
Trochus similis ?
--- concavu8? •
Turritella conoidea •
--- trilineata (Smith)
Murex striatu8
-- carinatus
-- latus •
Cerythium?
Mya lata
Tellina ovata •
--- obtusa
--- obliqua
--- bimaculata (Smith)
Mactra arcuata
_--cuneata
---dubia.
---ovalis •
Cardium Parkinsoni

angustatum
---- EduJina

Number or the
bed in which the
abeD it (ouod.

8
8
5, 8
8
8
8
8
5,8
5, 8
8
8
5, 8, 10
5, 8, 10
5, 8, 10
5, 8, 10
8
8
8
8
8
5, 8, 10
~,%, ,\\
&, %, \\\
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8

5, 8
5, 8

NUlllber 01 til.
bed in .bleb tbe

.belI IlloUDd.

8, 10
8, 10
8
8, 10
8
8
8
8, 10
8

5,8
5, 8

8
5, 8
5

Sbell..

crassus
Fragments of lobsters and crabs
Palates and vertebrm of fishes •
Fragments of bone •
Horns, vertebne, and teeth, of large herbivorous 1.

animals • 5
Fragments of wood
Fragments of coal •

Mytilus edulis
antiquorum

Modiola pallida
Pecten?
Cyclas cuneiformis •
Astarte plana, 3 varieties
Venus lentiformis
-- equalis
Nucula Cobboldi~ .
Balanus tesselatus •

Mr. Lyell has given an interesting account of the constitu­
tion and position of these crag-beds along the coast of Nor­
folk and Suffolk. It lies over the chalk in an unconformable
position; it consists often of beds alternately inclined and
horizontal, and consisting of sand and comminuted shells. It
would appear from Mr. Lyell's description, that these beds of
sand must have experienced considerable derangement since
they were originally deposited, for they occur bent, folded,
and in every conceivable position with respect to each other.-

~Ir. Lyell is of opinion that the extinct volcanic rocks at
Olot, ill Catalonia, belong to the older pliocene period. This
volcanic tract extends about fifteen miles from north to south,
and about six miles from east to west. The volcanic matter
made its way through secondary rocks of sandstone and
nUlnmilitic limestone, supposed to be contemporary with the
English green sand and chalk. There are about fourteen
cones or craters, and the volcanic matter is basalt, 8corim, &c.
The reason for supposing these volcanoes to be of the age of
the older pliocene rocks is that they in some places cover
old alluvillm.t

• J~.rcJJ's Geulogy, iii. 171.
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The date of the extinct volcanoes of the lower Rhine and
the Eissel is equally uncertain with that of the Catalonian
lava. Mr. Lyell has stated his reasons for referring these
volcanic eruptions also to the older pliocene period.·

CHAP. VI.

l\IIOCENE FORMATIONS.

THE term miocenet has been applied by Mr. Lyell to those
tertiary formations which contain shells, about one-sixth of
which only belong to living species, while the remaining
five-sixths constitute extinct species. A table containing
1021 of such shells is inserted at the end of Lyell's Geology,
of which only 176 (or :r!-g) are recent, while all the rest belong
to extinct species. Mr. Lyell has given figures of the most
characteristic shells found in this formation. They are

Voluta rarispina, Turritella Proto,
Mitra Dufrenii, Fascioloria turbinelloides,
Pleurotoma denticula, Pleurotoma tuberculosa.
Nerita Plutonis.
The miocene beds lie under the older pliocene when both

happen to occur together. The area covered by them ill
different parts of Europe is very considerable. For they
occur in Touraine, in the basin of the Loire, and still more
extensively in the south of France, between the Pyrenees and
the Gironde. They have also been observed in Piedmont,
near Turin, and in the neighbouring valley of the Bormida,
where the Appenines branch off' from the AlpH. They are
largely developed in the neighbourhood of Vienna, and in
Styria. They abound in parts of Hungary, and they over­
spread extensive tracts in Volhynia and Podolia.

The miocene strata, called the Falu"a of the Loire, have
been observed to repose on a great variety of older rocks
between Sologne and the sea, in which line they are seen
successively to rest on gneiss, clayslate, coal measures, oolitic
limestone, greenstone, chalk, and upper fresh-water forma­
tions of the Seine. They consist chiefly of quartzose gravel,
land, and broken shells. The beds are generally incoherent,

• Lyell'8 Geology, iii. 193. t ".11.", le'l, md .a".c, new.
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but sometimes agglutinated together by a calcareous or earthy
cement, so as to serve as a buildiDg stone. The thickneu
does not exceed 70 feet. They often bear a striking resem­
blance to the crag in appearance, the shells being stained of
the .me ferruginous colour, and being in the same state of
decay, serving in Touraine, just as in Norfolk, to fertilize the
arable land. Like the crag also they contain mammiferoOl
remains, which are not only intermixed with marine shells,
but sometimes encrusted with serpulm, ftustra, and balani.
These terrestrial quadrupeds belong to the genera mastodon,
rhinoceros, hippopotamus, &c. The assemblage considered
as a whole being very distinct from those of the Paris gyp­
8um. In these falu1UI M. Desnoyers has discovered the bones
of the following quadrupeds :-

Palmotherium magnum,
Mastodon angustidens,
Hippopotamus major, minutus,
Rhinoceros leptorhinus, minutus,
Tapir gigas,
Anthracotherium (small species),
Sus,
Equus (small species),
Cervus,
An undetermined species of rodentia.

This formation resembles the crag, but is distinguished by
the smaller number of recent shells which it contains.

The hills of Mont Ferrat and Superga, near Turin, belong
also to the Miocene formations. The strata of these hills are
inclined at an angle of more than 70 degrees. They consist
partly of fine sand and marl, and partly of a conglomerate
composed of primary boulders, which forms a lower part of
the series. The high road which leads from Savona to Ales­
sandria intersects these beds in its northern descent, and the
formation may be studied along this line at Carcare, Cairo,
and Spinto, at all which localities fossil shells occur in a
bright green sand. At Piana, a conglomerate interstratified
with this green sand, contains rounded blocks of serpentine
and chlorite slate, larger than those near the summit of the
Superga, some of the blocks being not less than nine feet in
diameter.

When we descend to Acqui, we find the green sand giving
place to bluish marls, which also skirt the plains of the Tanaro
at lower levels. These newer marls are Bl80ciated with 88Dd
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and are nearly horizontal, and appear to belong to the Older
Pliocene Subappenine strata.

In Savoy, at the northern base of the great chain, there
occurs a soft green sandstone associated with marls and con­
glomerate. It is called molaue, doubtless from its softness.
It is of vast thickness, but shells have been so rarely found in
it that they do not supply sufficient data for correctly deter­
mining its age. Mr. Lyell, from analogy with the Bormida
beds, seems disposed to consider the molasse as a miocene
formation.

A long succession of marine strata intervenes between the
Alps and the plains of Hungary, which are divisible into three
natural groups, each of vast thickness, and affording a great
variety of rocks. They lie in strata nearly horizontal, but
have a slight easterly dip, so that in traversing from west to
east we commence with the oldest and end with the youngest
beds. At their western extremity they fill an irregular trough..
shaped depression, through which the waters of the Mur, the
Raab and the Draven make their way to the lower Danube.
They here consist of conglomerate, sandstone and marls, some
of the marls containing marine shells. Beds also of lignite
occur, showing that wood was drifted down in large quantities
to the sea. In parts of the series there are masses of rounded
siliceous pebbles, resembling the shingle banks which are
forming on some of our coasts.

The second principal group is characterized by coralline
and concretionary limestone of a yellowish-white colour. It
is finely exposed in the escarpments of Wilden and in the hills
of Ehrenhausen, on the right bank of the Mur. This coralline
limestone is at least four hundred feet thick at Wilden, and
therefore exceeds some of the most considerable of our
secondary groups in England, 88, for example, the coral rag.
Beds of sandstone, sand and shale are associated with this
limestone.

The third group, which occurs at a still greater distance
from the mountains, is composed of sandstone and marl, and
of beds of limestone, exhibiting here and there a perfectly
oolitic structure. In this system fossil shells are numerous.

The middle group of these formations belongs indisputably
to the miocene period; for the species of shells are the same
as those of tile Loire, Gironde, and other contemporary
basins before noticed. The inferior or first group from the
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shells enumerated by Sedgewick and Murchison probably
belongs to the same period. They specify

Mytilus Brardii,
Cerithium pictum,
---- pupleforme,
---- plicatum.

All of which characterize the miocene period. ..
The third or newest system which overlies the coralline

limestone contains fossils which do not differ so widely from
the miocene type as to authorize us to separate them.-

Mr. Lyell points out other miocene formations in Auvergne,
Velay, Orleanais, the Upper Val d'Arno, Cadibona, Hungary,
Transylvania, and Styria. The bones of fossil quadrupeds
found in the Upper Val d'Arno by Mr. Pentland, belong to
the following species :-

1. FerO!.
Uraus cultridells,
Viverra Valdarnensis,
Canis lupus, and another of the size of the common fox,
H Ylena radiata, fossilis,
Felis, a new species of the size of the panther.

2. Rodentia.
Histris, nearly allied to dorsalis,
Castor. .

3. Pachydermata.

Elephas Italicus,
Mastodon angustidens,
---- taperoides,
'fapir,
Equus,
Sus scrofa,
Rhinoceros Jeptorhinus,
Hippopotamus major,

fossilis.

4. Buminantia.

Cervu8 megaceros ?
• See Sedgewick and Murchison'. paper in the Geol. Trans. (second

..series), iii. SOl; and Lyell'. Geology. iii. 212.
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Cervus Valdamensis,
--- new species,
Bos, bubalo affinis,
- urus,
-- taurus.-

These are quite different from the animals w}lose bones are
found in the Paris basin.

CHAP. VII.

EOCENE FORMATIONS.

THIS namet has been given by Mr. Lyell to a set of forma­
tions deposited at an earlier period than the miocene. The
name was imposed, because an extremely small proportion of
living species are contained in these beds. They indicate
what may be considered as the dafDfI or commencement of the
existing state of the animate creation upon the earth.

The total number of shells of this period is 1234, of whiell
42 only are living species, being nearly in the proportion of
3~ per cent. Of fossil species not known as recent 42 are
common to the eocene and miocene epochs. In the Paris
basin alone 1122 species have been found fossil, of which 38
only are still living. A list of most of these shells may be
seen in M. Deshayes's table, at the end of the third volume of
Lyell's Geology. Mr. Lyell has given figures of the follow­
ing shells in plate third of the third volume of his geology, as
characteristic of this formation :~

Voluta costaria,
- digitalina,
Pleurotoma clavicularis,
Cassidaria carinata,
Nerita tricarinata,
Calyptrma trochiformis,
Turritella imbricataria,
Natica epiglottina,
Solarium canaliculatum,
Cardita planicosta.

The celebrated Paris basin was the first of the eocene for-

• Lyell'. Geology, iii. 220.
t From ." QIIFora, and a"'HI, new.

TL G

•
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mations which were accurately explored. For our knowledge
of these deposits we are indebted to the labours of Cuvier
and Brongniart. They were ascertained to fill a depression in
the chalk, which constitutes the fundamental rock at Paris
and the neighbouring country.

Mr. Lyell considers many of the Paris beds as identical
with certain beds in Auvergne, which seem to have been
gradually deposited in lakes at that time existing in that part
of France.

Immediately over the chalk in the Paris basin lies a layer
of broken chalk ftints, often cemented into a breccia by silice­
ous sand.

Upon this flinty stratumt or if it be wanting, upon the chalk
itself rests frequently a deposit of clay and lignite, called the
fir,' fruA water furmatimt or plastic clay forMatiora, by
Brongniart and Cnvier. It is composed of fresh water sbella
and driftwood, and was at first regarded 88 a proof that the
Paris basin had originally been filled with fresh water. But
it has been since shown that this group is not only of yery
partial extent, but is by DO means restricted to a fixed place
in the series, for it altemates with the calcaire groalier, and
is repeated in the very middle of that limestone at Veaugirard,
Bagneux, and other places where the same Planorbes, Palu­
dina, and Limnei occur, as has been shown by M. CODStaDt
Preyost. Its origin was doubtless a river entering a bay of
the sea, cllarged with argillaceous sediment, and drifting
down occasionally fresh water shells and wood.·

The next bed was called by euvier and Brogniart calcaire
groaner or first tIlQrineformation. It is composed of a coarse
limestone, often passing into sand. It contains by far the
greater Dumber of the fossil shells, which characterize the
Paris basin. No fewer than 400 distinct species have been
derived from a single locality near Grignon. They are im­
bedded in a calcareous sand chiefly formed of comminuted
shells, in which nevertheless individuals in a perfect state of
preservation, both marine, terrestrial, and fresh water species
are mingled together, and were evidently transported from a
distance. Some of the marine shells may have lived on the

• Brongniart, in his Tali/eaU du terrai,., qui compoamt recorce du Globe,
published in 1829, (p. 184), defends his original opinion with much in­
genuity, and adnnces arguments in support of it po8le18ed or considerable
weight. But the opinion of Prevost is so much simpler, and explains the

6eemiDg lUJomaJies in '0 satisfactory a way that 1 am disvotecl to ado~t it.
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spot, but cyclostoma and limnea must have been brought
there by rivers and currents, and the quantity of triturated
shells implies considerable mOYelDeDt in the waters. Nothing
is more remarkable in this 88semblage of fossil shells than the
great proportion of species referrible to the genus Cerithium.
There occur no fewer than 137 species in the Paris basin,
and almost all of them in the calcaire gro"ier. Now the
living testacea of this genus inhabit the sea near the mouths
of rivers, where the waters are brackish. Hence their occur­
rence in the marine strata of the Paris basin accords with the
statement of M. Pr~vo8t, that a river Sowed into the gulf and
gave rise to the beds of clay and lignite in the plastic clay
bed above mentioned.

The next bed in order is a compact siliceous limestone,
called by Brongniart and Curier colcaire riliceuz. It resembles
a precipitate from the waters of mineral springs. It is for the
most part void of animal remains; but in some places it con­
tains fresh water and land species, and never any marine
fossils. The siliceous limestone and the calcaire gro88ier
occupy distinct parts of the basin, the one -attaining its fullest
development in those places where the other is of slight
thickness. They also alternate with each other towards the
centre of the basin, B8 at Sergy and O8ny, and there are even
points where the two rocks are so blended together that por­
dons of each may be seen in hand specimens.

From these facts and Some others, it has been concluded,
that wbile to the north, where the bay was probably open to
tile sea, a marine limestone was formed, another deposit of
fresh water origin was introduced to the southward or at the
bead of the bay.

The next group in order is the 91/PlUm, and the tDAiu and
grem marls of Cuvier and Brongniart. These were once
considered to be entirely subsequent to the groups already
described. But Pr~vost has shown that, in some localities,
they alternate repeatedly with the calcaire siliceux, and in
others ",ith some of the upper members of the calcaire groB­
sier. The gypsum, with its associated marls and limestone
is in greatest force towards the centre of the basin where the
two groups just mentioned aTe leu fully developed. And
M. Prevost infers, that while those two principal deposits
were gradually in progress, the one toward, the notth auG.
the other towards the south, a river descending {tom \\\~ ~.\.

lDay have broaght down the GYpseoU8·and mat\1 sed\m~t\"-
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rrlae next group, called the second or upper marine forJlUJ­
tion, by euvier and Brongniart, consists in its lower division
of green marls, which alternate with the fresh water beds of
gypsum and marl above described. Above this division the
products of the sea exclusively predominate, the beds being
chiefty formed of micaceous sand, 80 feet or more in thickness,
surmounted by beds of sandstone with scarcely any limestone.
The summits of a great many platforms and hills in the
Paris basin consist of this upper marine series, but the group
is much more limited in extent than the calcaire grossier.

The uppermost of the formations in the Paris beds is
called by euvier and Brogniart the third fruA water forma­
tion. It consists of marls interstratified with beds of flint
and laye~ of flinty nodules. One set of siliceous layers is
destitute of organic remains, the other replete with them.
Gyrogonites, or fossil-seed vessels of charm, are found abun­
dantly in these strata, and all the animal and vegetable
remains agree well with the hypothesis, that after the gulf or
estuary had been silted up with the sand of the upper marine
formation, a great number of marshes and shallow lakes
existed, like those which frequently overspread the newell
parts of a delta.

The entire series of these Paris beds must have required a
long lapse of ages for its accumulation, yet they all belong to
the eocene period. The shells of the different fresh water
groups, constituting at once some of the lowest and uppermost
members of the series, are nearly all referrible to the same
species, and the discordance between the marine testacea of
the calcaire grossier and the upper marine sands is very
inconsiderable. M. Deshayes has made a curious observation
respecting the changes which one species, the cardium poru­
losum, has undergone during the long period of its existence
in the Paris basin. Different varieties of this cardium are
characteristic of different strata. In the oldest sand of the
Soissonais (a marine formation underlying the regular beds of
the calcaire grossier) this shell acquires but a small volume,
and has many peculiarities which disappear in the calcaire
grossier. In these the shell attains its full size and many
peculiarities of form, which are again modified in the upper­
most beds of the calcaire grossier, and these last characters
are preserved throughout the whole of the upper marine
series.

III some parts of tlJe calcaire gro8siet mictQ,cQ~\e ~\\ells
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are very abundant. They belong to the order of Cephalopoda,
the animals of which are the most free in their motions, and
most advanced in their organization of all the mollusca. They
are often in an excellent state of preservation, and their forms
are singularly different from those of the larger testacea.

The gypsum at the base of Montmartre, is seen distinctly
to alternate with 80ft marly beds of the calcaire grossier, in
which cerithia and other marine shells occur. But the great
mass of gypsum may be considered as a purely fresh water'
deposit, containing land and river shells, together with frag­
ments of palm wood, and great nnmbers of skeletons of quad­
rupeds and birds, an assemblage of organic remains which
have given great celebrity.to the Paris basin. In this gypsum
formation, Cuvier discovered the bones'of two new genera of
animals, which he distinguished by the names of PaltBotAerium
and Anoplotherium. The palle~therium resembles the tapir.
Ten species have been described by Cuvier, varying in size
from that of the rhinoceros to that of the hog and sheep.
They appear all of them to have been herbivorous animals.
The genus anoplotberium resembles the camel. The tail is
as long, if not longer, than the body, at the same time very
thick and strong. Five species are described by Cuvier, all
of which occur in this gypsum formation.

The remains of three carnivorous animals lIave been found
in the same beds. One of these resembles the fox; the
second is either an unknown species of canis, or of a genus
intermediate between the canis and viverra: the third is
allied to the ichneumon, but is double its size.

The Lophiodon is another new genus, nearly allied to tbe
tapir. Twelve species have been determined by Cuvier, and
one of them is of gigantic dimensions.

The bones of a species of tapir of gigantic size were also
fonnd in the same formation. It is 18 feet long and 12 feet
high, thus equalling the skeleton of the mastodon or the
elephant.

Cuvier has ascertained and classified the fossil remains of
78 different species of extinct quadrupeds, found either in this
formation or in those above it in the series. Forty-nine of
these arc species hitherto entirely unknown to naturalists.
Eleven or 12 others have such entire resemblance to species
already known, as to leave no doubt of their identity. The
remaining 16 or 18 have considerable traits oi tcsemb\a,,~~ \\\
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known species; but the comparison has not been made with
80 much precision as to remove all doubt.

Of the 49 new species, 27 are referrible to 1 new genera,
while 22 are referrible to genera or subgtmera already
known. The whole genera and subgenera to which the fossil
remains of quadrupeds hitherto investigated are referrible, are
36, including those belonging both to known and unknown
species•.

Of the 78 species, 15 which belong to 11 genera, are
animals of the class of oviparous quadrupeds; while the
remaining 63 are of the mammiferous class. Of these last, 32
species are hoofed animals, not ruminating, and reducible to
10 genera; 12 are ruminating animals belonging to 2 genera;
7 are gnawers referrible to 6 genera; 8 are carnivorous quad­
rupeds belonging to 5 genera; 2 are toothless animals of the
sloth genus; and two are amphibious animals of two distinct
genera.

For a particular account of all these fossil animals (many of
which have been found in alluvial beds) we must refer the
reader to euvier's great work on tAe F088il Remain, of Quad­
rupeth. But it may be interesting to specify a few of the
most remarkable.

1. Megatherium. This animal belongs to the order of
bradypus, or slotA. A complete skeleton was found in the
alluvial soil near Buenos Ayres, and sent to Madrid. After­
wards another was discovered near Lima, and a third in Para­
guay. The Madrid skeleton is 14 feet long and 7 feet high.
It is so rude and unshapely, that tIte clumsy skeleton of the
elephant and rhinoceros, and even the massive and rugged
bones of the hippopotamus, appear, when placed beside it,
slender and light. It is one· of the largest and most massive
of all the fossil quadrupeds hitherto discovered. J odging
from its structure, its motions seem to have been slow and
dragging; and, with the ~xception of its claws, it appears to
have been more defenceless than any other of the large quad­
rupeds. The form of tIte teeth shows that it lived on vege­
tables. Its long claws are supposed to have been used for
digging lip the roots on which it is conjectured to have fed.

g. Elephant. The fossil elephant, or mammoth, 88 it is called
by the Russians, is different from both the species of that
animal at present existing. The alveoli of the tusks are much
larger, and the zigomatic arch of a different form. The
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vacuity between the branches of the jaws at the fore part is
wider, and the lower jaw, instead of terminating in a kind of
pointed apophysis, is rounded oir. The tuaks are more incur­
vated.

The remains of this animal have been found both in North
America and in Asiatic Russia. Indeed an entire animal
was discovered in the latter country in a state of complete
preservation, having been frozen in the snow. It will be
worth while to traDscribe envier's account of this curious
discovery.

"In the year 1799, a Tungusian fisherman observed a
strange shapeless mass projecting from an ice bank near the
mouth of a river in the north of Siberia, the nature of which
he did not understand, and which was 10 high on the bank 81

to be beyond his reach. Next summer he observed the same
object, which was then rather more disengaged from the ice,
but he was still unable to conceive what it was. Towards the
end of the following summer, in 1801, he could distinctly see
that it was the frozen carease of an enormous animal, the entire
ftank of which, and one of its tusks, bad becolJle disengaged
from the ice. In consequence of the ice beginning to melt
earlier and to a greater degree than usual, in ]803, the fifth
year after the discovery, the enormous carcase became entirely
disengaged, and fell down from the ice crag on a sand bank
forming part of the coast of the Arctic Ocean. In the month
of March of that year, the Tungusian carried away the two
tusks, which he sold for 50 rubles, and at this time a drawing
was made of the animal, of which euvier got a copy.

" Two years afterwards, or in 1806, Mr. Adams went to
examine the animal, which still remained on the sand bank on
which it had faIlen from the ice, but its body was then greatly
mutilated. The Jakuts of the neighbourhood had taken away
considerable quantities of its flesh to feed their dogs, and the
wild animals, particularly the white bears, ·bad also feasted on
the carcase. Yet the skeleton remained quite entire, except
that one of the fore legs was gone. The entire spine, the
pelvis, one shoulder blade, and three legs, were still held
together by their ligaments and by some remains of the skin,
and the other shoulder blade was found at a short distance.
The head remained covered by the dried skin, and the pupil
of the eyes was still distinguishable. The brain also remained
within the skull, but a good deal shrunk and drie.d; au\\ ()\\~

of the ears was in excellent preservation, 6t\\\ te\a\\\\\\~ a \u\\
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of stroDg bristly hair. The upper lip was a good deal eatea
away, and the under lip was entirely gone, 80 that the teeth
were distinctly seen. The animal was a male, and had a JODg
mane on its neck.

" The skin was extremely thick and heavy, and as much of
it remained as required the exertion of ten men to carry away,
which they did with considerable difficulty. More than 30
Ibs. weight of the hair and bristles of this animal were gathered
from the wet sand bank, having been trampled into the mud
by the white bears while devouring the carcase. Some of
this hair was presented to the Natural History Museum of
Paris, by M. Targe, censor in the Lyceum of Charlemagne.
It coDsists of three different kinds; one of these is stitT black
bristles, a foot or more in length; another is thinner bristles,
or coarse ftexible hair of a reddish brown colour; and the third
is a coarse reddish brown wool which grew among the roots
of the long hair. These afford an undeniable proof that this
animal had belonged to a race of elephants inhabiting a cold
region and now no longer existing, and by no means fitted to
dwell in the torrid zone. It is equally evident, that this
enormous animal must have been frozen up by the ice at the
moment of its death."

Remote, then, as the period must be when this animal
existed on the earth, still it must have been when the tempera­
ture of the globe was nearly the same allover the surface 88

at present.
3. Cervus gigante'Us, or 1ri,h EU. This gigantic and

magnificent species is found in a fossil state in Ireland, Isle
of Man, England, France and Germany. There is a complete
skeleton from the Isle of Man in the College museum of
Edinburgh. It is six feet high, nine feet long, and from the
ground to the tip of the right horn nine feet seven inches.
It was imbedded in a loose shell marl, in which were numerous
branches and roots of trees.

4. OrnitJwcephalus. This is a most extraordinary animal,
found imbedded in limestone at Eichstadt. There are two
species described by Sommering, the longirostris and brevirOB­
triB. Naturalists are not agreed in opinion to what tribe of
animals it ought to be referred. Cuvier considered it as
amphibious, Blumenbach as a bird, Collilli as a fish, while
Sommering conceives that it belongs to the mammalia, and
places it near the bats.

5. Mon. During the agitation of the diluvial controversy,
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many descriptions appeared of the fossil remains of man, said
to have been found in various places; but a closer examination
showed that all these supposed fossil human bones belonged
in reality to inferior animals. Thus the famous Iwmo diluvii
u,tiB of Scbeuchzer was foond to be a gigantic fossil lizard.
The fossil bones of Cerigo, 80 confidently described by Spal­
lanzani as human, are now admitted to belong to quadrupeds.
Human remains, however, have been found in the fissures of
rocks, and in alluvial s~rata. About the beginning of the
present ceDtury, human bones were found in a compact calca­
reous rock in the island of Guadaloupe. The rock is composed
of the debris of corralines and shells, and is obviously of very
recent formation. The annual formation of a similar rock
may be witnessed at present on the Cornish coast.· A mass
of this Guadaloupe rock, containing a well preserved human
skeleton, but wanting the head, was sent home by the French
commander of that island, during the French revolutionary
war, to Paris. The ship containing it having been captured
by Sir Alexander Cochrane, he sent the fossil skeleton to
Lord Melville, who was at that time first Lord of the Admi­
ralty. His Lordship presented it to the British Museum.
where it may still be seen.t

Human bones have been occasionally met with in caverns,
but these remains, in all casel hitherto observed, are compara­
tively recent.

( 1.) They have been found encrusted with stalactite ill a
mountain limestone cavern at Barrington, in the Mendip hills.
This cave was either used as a place of sepulchre in early
times, or resorted to as a place of refuge by wretches who
perished in it during some of the numerous cases of devas­
tating warfare that occurred in ancient times. The bones
are chiefly deposited on one side of the cavern, as in a sepul­
chre catacomb.

(2.) Two analogous caves occur in mountain limestone in
South Wales; one at the Mumbles, near Swansea. From
the position of the bones they seem to be the remainR of
a number of bodies thrown in after a battle. The other
cavern is also in mountain limestone at Llandebie, in Caer-

• Dr. Paris has giyen an interesting account of this formation in the tint
~olume of the Transactions of the Geological Society of Cornwall.

t An excellent account, with an engraving, of this fOllilskeletoD, together
with an account of the rock in which it occurt', drawn u\, bl \i\t .. ~~t\\"
ma.r be .eell in the Phil. TranI. for 1814, p. \07.
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narvoDshire. About twelve skeletons were found in it,
arranged in parallel rows. This cave had obviously been
used as a place of burial.

(3.) The cavern discovered at Bize, in the Department of
l'Aude, at the foot of the Pyrenees, in 1829, contains a1Io
human bones attached to the rock, and mixed with the bones
of other animals, and of land shells. Some of these bones
belong to two different speciel of the stag at present extinct j

but other bones are mixed with them of animals still existiDg,
and also both sea and land shells belonging to species to be
found still in the neighbouring oountry, and in the Mediter­
ranean sea. With these are mixed fragments of pottery, very
similar to those kinds known under the name of Etruscan
pottery. From these facts it is obvious that the bones found
in this cavern are of two different eras: 1. Those of the
extinct animals are doubtless of the same era as the similar
bones found in the Kirkdale and other caverns. 2. The
human bones, and those of other animals still existing, are
probably of a very remote date, but they must belong to a
period wheD the face of the earth was similar to what it is at
present.

Human bones have been found also in the cavems of Pondre
and Souvignargues, in the department of Gard, near the mouth
of the Rhone. These caverns exist in limestone of the newest
formation. They are filled with the soft mud to which Buck­
land has given the name of diluvium. It contains the bones
of hYlBnas, rhinoceroses, stags, &c. precisely in the same state
as in the cave of Kirkdale. The human bones are mingled
with these sparingly, and are described as absolutely in the
same state. Along with them occur also fragments of the
rudest kind of pottery. The human bones, those of the
extinct animals, and the pottery, as far 88 can be determined
from their position and state, seem all of an age. If any
instance occur of antediluvian human bones, this is one; but
tIle best description of these caverns which I have seen is
imperfect. A more minute and careful investigation would be
requisite before we can consider a fact of 80 much importance
as established.·

The celebrated basins of London and Hampshire, first
accurately described by Mr. Webster, belong also to the eocene
period. The London basin is bounded by rising grounds

fI Sec the AnnaJes des Mines (second sene,), v. 5l7 ..
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composed of chalk, except where the sea intervenes, and there
is every reason for believing that the chalk p~e8 beneath all
the tertiary strata of which this basin is composed. The
strata belonging to the London basin have been divided into
three series or groups :-

1. -The plastic clay and sand, which is lowest,
2. The London clay,
3. The Bagshot sand, which is uppermost.

The plastic clay, in some places, attains a thickness of 400 or
600 feet. It consists principally of an indefinite number of
beds of sand, shingle, clay and loam, irregularly alternating.
Some of the clay is used in potteries: hence the term plastic
clay has been applied to the whole formation. The beds of
shingle are composed of perfectly rolled chalk flints, with
here and there small pebbles of quartz. Heaps of these
materials seem to have remained long covered by a tranquil
sea. Dr. Buckland, in a part of this formation at Bromley,
observed a large pebble, to which five full grown oyster shells
were affixed in such a manner as to show that they had com­
menced their first growth upon it, and remained attached
through life.·

In some of the associated clays and land perfect marine
.hells are met with, which are of the same species as those of
the London clay. Indeed, the line of separation between the
London and plastic clay is quite arbitrary. In the midst of
the sands of the lower series a mass of clay occurs 200 feet
thick, containing septaria, and replete with the usual fossils of
the neighbourhood of London.

The arenaceous beds are chiefly laid open on the confines
of the basins of London and Hampshire, in following which
we discover in many places great beds of perfectly rounded
lints. This is the case with the hills of Comb Hurst and
Addington, which form a ridge stretching from Blackheath to
Croydon. Here they have much the appearance of banks of
sand and shingle formed near the shores of the tertiary sea.

Organic remains are extremely rare in the plastic clay, but
when any shells occur they are of the eocene species. Vege­
table impressions and fossil wood sometimes occur, and even
beds of lignite. But the apecie, of none of these plants has
been ascertained.

This formation occupies a greater extent of surface in the

" Gcol. Trans. iv. 300.
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south portion of Hampshire than in Essex, Surrey and Kent.
For the fullest account of its e~nt in these places we refer
to Conybeare and Phillips' Outlines qf tM Geology qf England
afUl Walu, and to Mr. Greenough's Geological Map.

The London clay consists of a bluish or blackish clay, occa­
sionally passing into a calcareous marl, rarely into a solid rock.
Its thickness sometimes exceeds 500 feet. It contains many
layers of ovate or flattish masses of argillaceous limestone,
which in their interior are generally traversed in variomJ
directions by cracks, partially or wholly filled by calcareous
spar. These masses, called septaria, are sometimes continued
through a thickness of 200 feet.

A great number of the marine shells of this clay have been
identified with those of the Paris basin. A list of these hu
been given by Mr. Lyell, in the Appendix to the third
volume of his Geology. The list was drawn up by M.
Deshayes from specimens in his own collection.

No remains of terrestrial mammalia have as yet been found
in this clay, but the occurrence of bones and skeletons of
crocodiles and turtles prove the existence of neighbouring dry
land when the clay was deposited. About 800 different kinds
of ligneous seed vessels of plants, some of them resembling
the cocoa nut and other species of tropical regions, have been
fOllod in the Isle of Sheppey in this formation.-

In the London clay 16 species of fossil plants have been
discovered, none of which are recent plants. Of these, twelve
are plants belonging to the cryptogamia class; two are palms;
and one is a caulinites, described by M. A. Brongniart.

The third and uppermost group, usually termed Bags/wt
lIQnd, rests conformably on the London clay, and consists of
siliceous sand and sandstone, devoid of organic remains, with
some thin dep08its of marl associated. From these marls a few
marine shells have been obtained, which are in an imperfect
state, but appear to belong to the eocene species common to
the Paris basin. Mr. Warburton collected several, of which
the following are the chief:-The Reading oyster, a Pecten,
a large and small cardium, a pectunculus, nucula margaritacea,
two species of Citherrea, a shell resembling solen radiatus, a
teUina, a dentatium, strombus pes-pelecani, calyptrma trochi­
formis in great perfection, and several imperfect turbinated

• St'e an account of these, with figurc~, hy Dr. Parsons, Phil. Trani.,
J741, p. 396.
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she1l& He fouod also a shark's tooth, pyritous wood, and
what appeared to be the seed vessel of a plant.·

For an account of the eocene formations in the Isle of Wigbt
and the opposite coast of Hampshire, we refer the reader to
Mr. Websters papers in the Geological Transacti0n8, to
Englefield's Iale of WigAl, to Sedgewick's paper in the
Annal8 ofPAiloaopAy for 1822, and to Lyell's papers in the
Geological TraftltJCtimul, voL 2d, second series.

Remains of tortoises and the teeth of crocodiles have been
found in the Isle of Wight basin, and more recently bones of
mammalia corresponding with those in the Paris gypsum beds.
In marl, alternating with a limestone quarried for building
near Ryde, the tooth of an Anoplotberium, and two teeth of
the genus Pabeotherium, were found. The tooth of the
Anoplotberium was first observed by Mr. Allan, and his dis­
covery was confirmed aDd extended by Mr. Pratt.t

The British eocene streita are nearly conformable to the
chalk on which they rest, beillg horizontal where the strata of
chalk are horizontal, and vertical where they are vertical.
The surface of the chalk had been furrowed by the action of
the waves and currents, before the plastic clay and its sands
were superimposed. Thus at Rochester and Gravesend, in
the quarries, fine examples are seen of deep indentations
on the surface of the chalk, into which sand, together with
rolled and angular pieces ofchalk flint, have been 8wept.+

Mr. Lyell considers the beds in the lacustrine basins of
Auvergne, Cartal, and Velay, to belong also to the eocene
period. Many of the extinct volcanoes of that country may
be of the same age. A portion of eocene formation occurs
also in the Cotentin, and small portions of it are scattered
over the primary deposits in Bretagne•

• See Warburton on the Bagshot sand, Geol. TraDe. (2d series). i. 48.
t Proceedings of the Geological Society, No. 18, p. 239.
t See Lyell's Geology, ilL 282, and Conybeare and Phillip" Outlines 01

the Geology of England and Wales, p.62.
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CHAP. VIII.

CHALK. FORMATION.

THE chalk, which constitutes 80 important a feature in the
south of England and the north of France, constitutes the
uppermost of what geologists denominate the secmadtJ'1I .f0r­
mations.

The nature and qualities of chalk are 80 generally known,
that it is unnecessary to describe it minutely. The best chalk
used for economical purposes is of a pure white, has au earthy
fracture, a meagre feel, adheres to the tongue, and stains the
fingers. It is dull, opaque, 80ft, has a specific gravity of 2·3,
and is never crystallized. When pure it contains nothing
but carbonate of lime. Magnesia has been detected in some
specimens of French chalk. Clay and sand are rather com­
mon mixtures in it. Some of the lower beds have a red
colour, probably derived from iron.

In the louth of England chalk is occasionally used • a
building stone. 1'he abbey of Hurley in Berkshire, and its
parish church, anciently a chapel, are said to be built of it.
The mullions and arches of St. Catherine's chapel, near
Gulldford, are of chalk that contains flints. The abbey of St­
Omar, ruined during the French revolution) was entirely
constructed of flints, and retains all its beautiful gothic orna­
ments in great perfection.

The chalk formation is usually divided into three beds.
namely, the tipper chalk, the lmDeT cludk, and the cluJ/A fllQrl,
which is lowest of all.

1'he upper chalk appears in most places in England, when­
ever occasional openings have been made in the very large
tract of country occupied by it. The inferior beds may be
traced along the lower regions of the escarpment presented
by the hills of this formation.

The upper chalk is soft, but the lower is much harder, does
not mark, and is usualJy distinguished by the name of hard
cAalk. One of the most remarkable circumstances connected
with chalk, is the occurrence of those numerous nodules of
flint which altemate through the greater part of its mass.
They are constantly present in the upper chalk, but rare in
the under chalk, at least in England, for the rule is said not

to hold in France. The chalk which OCCUl% in the count,
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of Antrim, in Ireland, is as hard 88 common mountain lime­
stone, yet it contains abundance of flints. Hence it was pro­
bably at first in the state of soft chalk, but indurated by the
action of the numerous trap beds which seem to have been
forced up in that country in a state of fusion.

These flint nodules assume the most extraordinary forms.
The siliceous matter seems to have been in a state of solution,
probably in water, and to have been gradually deposited in
alcyonia, sponges, &c., at that time existing in the chalk­
beds.

Veins of flint traversing the regular strata at various angles
may be observed generally when any extensive range of
chalk cliffs are exposed. For example, in the Isle of Thanet,
Dear Brighton, and in the Isle of Wight. The flint filUng
loch veins is usually tabular.

The flints which have been washed out froin the chalk at a
remote period occur in the various deposits of gravel. From
their superficial position, and the loose texture of the mass in
which they occur, exposed for ages to the influence of the
atmosphere and the percolation of water, they have been much
altered and have undergone changes somewhat analogous to
those which may be produced in them by fire. The black
eolour is rendered leIS intense, or changed to brown, yellow,
or red. These different colours are sometimes arranged in
IODel parallel to the outward surface of the pebble.

The flint nodules often contain cavities lined with tuber·
colar chalcedony or quartz crystals. Whenever chalcedony
occurs in flint, a careful examination will generally detect the
presence of a sponge or alcyonium.

Besides flints, subordinate beds of fuller's earth are occa­
sionally met with in chalk. The chalk very often contains
masses of iron pyrites, YarYing in size from that of a pea to
several inches in diameter. They ate usually crystallized,
and exhibit when broken a diverging fibrous structure. They
frequently occur cylindrical, and were formerly picked up
and preserved under the name of thunderbolts.

At Bishopton down, near Warminster, in Wiltshire, enor­
mous blocks of crystallized carbonate of lime occnr in chalk.
One of these, weighing 50 cwt., and measuring between 30
and 40 cubic feet, was cut into slabs for chimney pieces at
Mr. Noel's, a stone mason at Warminster.

A brown or blackish brown substance has been. a\)'&e~'~~

coating' the chalk in several places in Sutro\k. It 'hu ~U\~-



96 CHALK FORMATIONS.

times the appearance of a sooty powder, but is occasionally
fibrous. It is conjectured to be oxide of manganese.

The chalk formation stretches with little interruption from
Flamborough Head, a remarkable promontory on the coast of
Yorkshire, to near Sidmouth, on the coast of Devonshire,
forming a range of hills often of considerable elevation, and
of which the most precipitous escarpment is generally on the
north-western side. Another range of hills branches from it
in the south of England.

From Flamborough Head the chalk proceeds louth as far 81

Bridlington quay, but from that to the mouth of the Humber
the coast is alluvial. The chalk hills pass south, constituting
the wolds of Yorkshire and Lincolnshire. They disappear in
the Wash, which is entirely alluvial. Near the shore of the
north western part of Norfolk, the chalk appears again, consti­
tuting a ridge of hills running south about 15 miles, and then
disappears, sinking under the diluvial sand of Norfolk. It
appears again on the north of Thetford, and passes on unin­
terruptedly by Newmarket in Suffolk, a little to the e88t of
Cambridge, till it reaches Marlborough Downs in Wl1.ire,
where it is broken through by the village of Kennel.

In Wiltshire the chalk formation exhibits its greatest extent,
being more than fifty miles long, from east to west, and about
twenty miles broad from north to south.

From this great central mass a branch of chalk hills pa8Be8
south-west through Dorset, and bending east, not far from
Dorchester, constitutes the northern part of the isle of Pur­
beck, and passing across Alum Bay forms the central and mOlt
elevated portion of the Isle of Wight, extending quite 8ClOI8

the island, and terminating at the east end in a precipitous
cliff.

Another branch runs almost due east, by Winchester,
Arundel and Lewis, till it terminates in the sea at Beachy­
head.

A third branch runs a little north-east, by Farnham and
Guildford, and terminates by its southern side in the Channel
at Folkestone, west of Dover.

Each of these branches constitutes so many chains of low
round-backed hills, in general remarkable for their beauty and
fertility. l'he number of plants found growing on the chalk
is in general greater than on any other soil, and the crope
which it produces, are, in general, excellent.

The isle of Thanet, which is comllOied of ehalk, thou~h
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not far from the north-west chain" is, in fact, unconnected
with it, being separa£d by a trough occupied by the plastic
clay formation, which lies above the chalk.

The fossils in the chalk beds are numerous, but the variety
of genera and species is not very 'great,' and not one of them
agrees in every respect with animals at present inhabiting the
earth. Hence it was obviously formed at a period indefinitely
earlier than the eocene beds.

The remains of several vertebral fish occur; teeth of a
species of shark, nearest in appearance to those of the aquallU
galeu8; two varieties of palate bones belonging to unknown
genera, have been found, not to mention various vertebrm and
scales of fish. .

We find in the chalk the following univalve and bivalve
shells: ' .

Ammonites. Ostrem.
Scaphites. Pecten.
Belemnites. Terebratulm.
Trochus. Majus.·'
Cirrus. ' 'Plagiostoma spinosa.
Turbo. Dianchora lutea.
Serpulm. Inoceramus.
Spirorbes., Balanus.-,' '

The family of echinites may be cOllsidered as characteriz­
ing the chalk' formation, and the 'species' are at least equal ill
number to that of all the shells. found in it. The following
table exhibits a lilt of the zoophytes found in chalk. .

. , Ananchites, ovata. ' ,
---- pustulosa.
Nucleolithes rotula. '
Galerites albogalerus.
---' vulgaris.' .

subrotundus.
--- conoideus. '

Spatangus ,cor-anguinum.
, ----". Bulo. :
---- r08tratus•.
Cidarites vulgaris.
--- suatilis.
---- .Konigii.

corollaris•

• See a table or the dUFerent species given by Brongniart in h\. TabltCN.
du Ten-aiM 9'1; compolent I'/coree du Globe, p: 403.
l~ H
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•
Cidarites papillata.
Asterias.
Pentagonaster semilunatus.
Pentacer08 lentigin08us.
Apiocrinites ellipticus.
Pentacrinites.
Marsupites ornatus.
----- Milleri.
Caryophyllia cyathus.
---- costellata.
Turbioolia Konigii.
Alcyonium pyriformis.
Spongia ramosa and many other sp~ci~s.

Choanites 8ubrotunduB.
--fiexuosus.
Konigii.
Ventriculites radiatus.
---- alcyonoides.

TIle plants found in chalk are:
Confervites fasciculata.
---- egagropiloides.
Fucoides lyngbianus.·

The following subdivisions of the family of echinites found
in the chalk may be of use to beginners:-

1. Helmet shaped-EcAinocorya, .A.fltJftcAyte8.
2. Conical-Conulus, galeritt!,.
3. Heart-shaped-Spatangu&.
4. Spheroidal, with the mouth and vent on opposite poles.

Lamark has divided them into two genera. 1. Tubercles
perforated to admit the passage of muscular filaments, which
assist in the motion of the spines-Cidari,. 2. The tubercles
imperforate; the spines, which are smaller, being moved by
the contractions of the outer skin only-EcAinlU.
. The substance of sponges, found in such abundance f088il

in chalk, consists, as to their interior texture, of a ID888 of in­
terwoven fibres, penetrated by larger pores regularly or irre­
gularly disposed. These fibrous reticulations sometimes ran
confusedly together, 80 that the mesbes present no regular or
determinate figure j sometimes they are regularly disposed 80

88 to give the whole mass a plicated character. Of the irre-

• This table is taken from Brongniart's Tableau du Terf'ainl, becaU18
of ita ahortneu. The reader will find a much more complete lilt in De la
Beebe's Manual of Geology, p. ~70.
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gularly reticulated sponges at least four genera have been
observed; namely:

1. Ramifying.
2. Palmated.
3. Turbinated or funnel-shaped.
4,. Fig-shaped.

Only fourteen species of fossil plants have been hitherto
observed in the chalk: of these thirteen species are crypto­
gamous plants, eleven being fucoides and two confervites.
One species belongs to the order of Cycadere, and is there­
fore a dicotyledonous plant.
. It has been already mentioned that the chalk formation is
usually hilly; but the hills are not high. The highest chalk
hill in England, Inkpen, in Wiltshire, is 1011 feet above the
level of the sea. Wilton Beacon, the highest chalk hill in
Yorkshire, is 809 feet high, and various hills in Hampshire,
Kent and, Surrey, are nearly as elevated. Near Dover the
chalk with flints is about 480 feet thick, while the thickness
of the ·chalk without flints is about 140 feet. At Handfast
Point, on the coast of Dorset, the flinty chalk is 600 feet
thick, and that without flints about 200 feet. At Culver Cliff.
in the Isle of Wight, the beds of chalk are vertical and extend
about a quarter of a mile or 1300 feet. This may be con­
sidered as the greatest thickness of the chalk in England.

The chalk formation appears to extend over an area of great
extent, occupying the interior of the great European basin,
reaching probably from the banks of the Thames to those of
the Dniester. But the beds cannot be traced continuously
throughout the borders of this area, though this can be done
with the western limits of it in England and France. In the
central parts of Europe it is greatly concealed, partly by the
overlying of the more recent tertiary deposits, and partly by
the vast accumulation of diluvial debris which conceal f1"om
observation the rocks throughout so large a portion of the
north of Germany.

The northern limit may be traced in the line of the Baltic
in tbe island of Rugen, where chalky cliffs present themselves
on its northern coast. They occur also on the neighbouring
continent, in Pomerania and Mecklenburg. A small chalk
cliff may be observed near Malmo, in Sweden, crossing to the
opposite coast of ~aland, and including the small island of
Mona on the south. From Mona the line of chalk has not
been traced. It probably traverses Holstein to the mau\~ai \\\~
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Elbe, where it crosses the German Ocean to Flamborougb
Head.

In France the limits of the chalk correspond to the south
coast of England. Its western edge is at the mouth of the Seine.
It proceeds south to Blois on the Loire, where the formatioDs
above the chalk overlie and conceal its southern extremity.
It appears again at Montargis, and turning northwards 1"uns
by Troyes, Rheims and Valenciennes. North of Valen­
ciennes the edge of the chalk appears to trend east, but it is
generally covered by the sandy superstrata of the Netherlands.
It may, however, be seen on the south of Maestricht and a&
Henri Chapelle, 'near Aix..

From a memoir by M. Dufrenoy,· it appears that there is
a large tract of country in the south-\\'"est of France and upon
the declivity of the Pyrenees, on the French side, which
corresponds in its fossils with the chalk and green sand of the
north. of. France and England, and of course belongs to the
same era. . ,

This formation, besides the fossils which characterize the
chalk beds, and which have been already enumerated, con­
tains several others peculiar to itself, which have been enume­
rated by· M. Dufrenoy. It contains also subordinate beds,
which had, n~ver been suspected to exist in chalk j namely,
beds of fossil wood, of gypsum, of sulphur, and probably also
of rock salt.

The chalk, instead of possessing the softness, and dulness
and opacity, which characterize it elsewhere, is frequently
hard and' crystalline. " This is the reason .why, before the in­
vestigations' of Dufrenoy"the district had been referred to for­
mations at least· as old as the oolite and new red sandstone.
M. Dufrenoy has elucidated his description by various see­
tions, exhibiting in detail the structure of the country..
. The 'chalk appears again in Westphalia, to the north of the
coal fields of Rahn•. , After an interruption from the alluvia
of .the ~ippe it appears again in Osnaburg, and forms at the
foot' of the MuscAelkalA formation, a series of little' escarp-
ments. -

To the north of the secondary hills of Westphalia, the whole
district is well known to present the appearance of an'uniform
and 'vast sandy heath, covered with a 'deep accumulation of
diluvial gravel, in the midst of which occur enormous rounded

., AnDales de. Mines (second senea), viii. 175, 321.
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blocks of granite from Sweden. The grea(:~ass of this
gravel consists of chalk flints, well marked, and l*iting traces
of all the. charac~ristic fossils. At Luneburg the-.:fortifica-
tions are partly constructed of a rock of gypsum, iirjd:.pbout a
quarter of a mile hence on· the road to Hamburgh, ~'Gony.
beare, to whom we owe all these details, discovered ., -chalk
pit which had escaped the attention .of former obiervers.····It
contained tile usual alternation of flints, and afforded "goojl...
specimens of inoceramus, echinites and most of. the character::::-.
istic fossils•. Professor Buckland and Dr. Boue have traced.:··
the chalk through Hanover and in the north of Brandenburg. -.-::: •

The quader8flndatein .which. occurs round Dresden, is by ·.-::_: _
some considered as of the same age as the chalk. Certainly .:: ..
its fossils show that it cannot be. much older. .

In Poland the chalk formation. constitutes a line of hills
running parallel to the Carpathians. It is finely exhibited
at Cracow. It contains abundance of flints, affords the usual
organic remains, and rests on a bed of green sand. . Hence,
passing by Lemberg, it appears to extend to Russia. Here
it occurs in detached points on the north side of the Dniester,
to the north-east of Zaleszyky, betwe-en the 25th and 28th
parallels of longitude, east of London.

According to Dr. Clarke, hills of chalk occur at Kasankaiya
on the Don, and the town of Bielogorod, signifying white city,
is said to take its name from the white chalk hills in its neigh­
bourhood; but Mr. Strangeways is of opinion that the sup­
posed chalk of the Crimea is really a tertiary "formation, and
that the localities on the Dlliester are the only ones which
are well ascertained in Russia.·

In Ireland a remarkable deposit of indurated chalk for~8

the basin of the great basaltic area in the north-east angle of
the island. "It contains flints and the same organic remains as
the English chalk.

It would seem, as has been observed by Buckland. and
Conybeare~ that the induration of the Irish chalk has been
owing to the action of the trap rocks connected with it, which
were probably in contact with it while in a state of fusion.

In Italy the Scaglia, which covers the extreme' secondary
chains of the Alps in the"Veronese is considered as a variety of
chalk. It leans against the group of the Euganean hills, near

• Geological Transactions (second series), \. \.
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the mouth .cJf:tJre Po, which appear to have forced it upwards.
Like the lriMa ·chalk it is indurated, and, doubtless owing to
the &ame:.t,use, being partially covered by the extinct vol­
canoes:~·stituting the Eaganean hills.
A~Mding to Dr. Boue, chalk occurs also in the basin of

Bphemfa and the valley of the Elbe. The formation in this
~isti1.et known by the name of planer 1talA, is, according to

:.~Ja; really chalk. He notices scattered patches of it in the
:.:~ey of the Elbe, in the b«;»ttom of a sinuosity in the granite
•• &• .near Mahles on the east of Meissen; between Plauen and

••.:::. Strehlod, west of Dresden; and near Zchist, south of Pima•
.=.::.: The basin of Suabia and Bavaria appears to exhibit creta-

.. :... ceOU8 marls and chloritous chalk, like that of Bohemia, on its
southern border at the foot of the Alps. As, for example,
south of Munich, at Berg, and near Gastein.

I am not aware that chalk has been met with in Amerioa,
either on the north or south side of the Isthmus of Darien,
nor has it been observed in any part of Africa or Asia.

CHAP. IX.

OF THE GREEN SAND }·OKMATION.

The formation immediately under the chalk has been de­
nominated green sand (glauciRie by the French), in CODSe­

quence of the green-coloured particles frequently visible in its
uppermost bed. In Sussex and Kent where this formation is
most fully developed, and where it has been most carefully
studied, it consists of four subordinate formations, which have
been distinguished by the following names, beginning with
the uppermost.

1. Upper green sand, called also firestone and Merstham
beds.

2. Galt or blue chalk marl.
3. Lower green sand.
4. Weald clay or ferruginous clay.
1. The upper green 8tUUl is a bed directly under the chalk

marl. It consists of marl mixed with green-coloured grains,
which, according to the analysis of Berthier, are composed of
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Silica,
Protoxide of iron,
Alumina, •
Potash,
Water,

50 ••
21
7 • •

10 .
11

Atol'DL

25
4·6
S·11
1·66 •
9·77 •

16
3
2
1
6

99
Hence its constitution is KS5+SfS 3 +2AlS'+6Aq.
In some places this formation is in the state of Band, while

in others it constitutes a stone sufficiently hard for building,
and called in the country jirutJme.- The transition from the
marl to the firestone, is in many localities so gradual, and the
sandy particles are so sparingly distributed, that the cAal/t,
marl may be said to repose immediately on the galt. In other
places, however, the characters of the firestone are very pecu­
liar, so much 80, that Bome geologists have deemed them
sufficiently important to rank as an independent formation.

It may be seen very well exposed at Southbourn, a little to
the east of Beachyhead, where it lies immediately under the
chalk marl.

The fossils discovered in this bed, are, with but few excep­
tions, similar to those which are common in the chalk marl,
namely,

Ammonites varians, Scaphites,
Mantelli, GryphelEB vesiculoS&,

---- planulatus, Echinus Murchisoni,
Tunilites, Fucoides Targionii.
In attempting to trace this bed through the interior of the

country, we find its course in many localities but obscurely
indicated; and in some, the prevalence of a few green particles
in the lower beds of chalk constitutes the only evidence of its
existence.

2. Immediately under the upper green sand lies a bed of
stiff marl, varying in colour from a light grey to a dark blue,
and abounding in marine shells, and called galt or gault,t from
a provincial term used in Cambridgeshire. I t generally con..
stitutes a valley within the central edge of the chalk of Sussex,
Hampshire, Surrey, and Kent, and may be traced with little
interruption from Southbourn to Folkstone, in Kent, near

• ltlacignp cro.IJCUZ of Brongniart.
t Harne 6/~//e tie la !/Iauconie of Brongniart.
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Inoceramus, sulcatus, concen­
tricu&,

Turbinolia,
Caryophyllia.

which town it forms a cliff, celebrated for the beauty and
variety of its organic remains.

It forms a soil remarkable for its tenacity, and is usually
distinguished by the term black lmul. " It seldom exceeds 100
feet in thickness. It may be traced with little difficulty from
near Loughton .Place, six miles north-east of Lewis, almost
round the amphitheatre of· clmlk hills which encloses the
Wealds of Kent and Sussex, and always under the. upper
green sand where that bed can be distinguished. In the more
northern and western chalk districts the galt bed is not 80

distinct. In Cambridgeshire it is called galt, in Surrey, fIItJha.
The fossils in this bed are remarkable for their beauty, the

pearly covering of the shells being generally preserved. They
consist of

Ammonites,
Hamites,
Nautili,
Belemnites,
Nuculm,
The crustacea in the galt are but few. Some of the maR

remarkable have been figured by Mr. Mantell. They are
(1.) A species of a new genus of the family Leucoriadm,

nearly related to the genus ,A,·cania. The shell, or crust of
the thorax, alone remains. It is of a suborbicular form, rather'
inflated, obscurely trilobate, with 12 or 13 aculeated tubercles.
The margin is dentated.

(2.) A species of a genus of the family Cary8tidtB. The
shell is oblong, ovate, depressed; the surface covered with
minute granulre, the margin bidentated near the front. No
vestiges" of the legs, antennm or claws remain.

(3.) A species of the genus Etyus, of the family Canceritlt:B.
Transversely obovate, obscurely trilobate; the surface covered
with irregular papillre.

(4.) A species of a genus belonging to the family Coristidte,
intimately related to Corystea. This species is longitudinally
obovate, convex, with a tuberculated dorsal ridge, having a
row of three tubercles. on each side.' The shell is truncated
posteriorly, and the margin literally tridentated. The abdo­
men is composed of six or seven arcuate segments, and there
are three or four legs on each side.

(5.) Fragments of the abdomen of two species of ABtacitk.·

• Sec Mantell's Geology or the SouLh-Eu\ ot E\\~\md, \l. \66.
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3. Lower green Band. This formation is also called snaM­
li" sand, because it is very conspicuous at Shanklin, 011 the
east side of the Isle of Wight. It consists. of sands and sand­
stones, of various shades of green, grey, red, brown, yellow,
aDd white, with subordinate beds of. chert, limestone, and
faller's earth. These beds are but obscurely seen in, the east
of Sussex; but as we proceed .towards the we'st they gradually
rise into hills of considerable altitude, and form a striking
feature in the physical geography of the country. These
beds admit of a triple division, as was first shown by Dr.
Fitton.•

'.. \. ...~ The first or uppermost consists of sand with irregular con-
eta.~ons of limestone and chert, sometimes disposed in courses
obliqll~ to the general direction of the strata. The top of
this santl in the vicinity of Folkstone and Hythe, forms an
extensive plateau, resembling that of the Blackdown range of
hills in Devonshire.

The second consists chiefly of sand, but in some places is
so mixed with clay, or with oxide of iron, as to retain water.
It is remarkable for the great variation in its colour and con­
sistency.

The third and lowest group abounds much more in stone;
the concretional beds being closer together and more nearly
continuous.

In the soath-eastern parts of Sussex, this formation occupies·'
but an inconsiderable extent on the surface, and in many
instances, a few insulated. hillocks are the only indications of
its presence. In Kent and Surrey, the lower green sand
occupies a more considerable space, Hythe, Maidstone, Seven­
oaks, Tilvester hill, Riegate, and Godalmine, are situated in
it. In the Isle of Wight, it constitutes a very considerable
portion, interposed between the chalk hills which traverse
that island towards the north and the undercliff on the south.
Shanklin and Sandown bay constitute its termination on the
east. In the other parts of England, near the chalk hills, it
has not been 80 accurately distinguished.

The only remains of the higher animals hitherto found in
this formation, are a few teeth of fishes, both of a conical and
lanceolated shape. The shells are very numerous. A pretty
copious list of them has been given by Mr. De la Beche, in
his Manual of Geology.t

• ADDaJa of Philosophy (2d series), viii. 865.
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In Parham park, casts of univalves and bivalves, particularly
of trigonim, ge"illire, and rostellarim, are found in perfection
in the indurated blocks of ferruginous sand. Many new
species have been discovered by Mr. Martin in the middle
and lower group of sands in the vicinity of Pulborough.
Among these are

Mya mandibula, Pholadomya,
Trigonia spinosa, Lenia,
Nucula impressa, Lucina,
Mytilus edentulus, Modiola, &c.
4. Weald clay. The term wealden was suggested by Mr.

Martin, to 'designate the strata which, in the south-east of
England, are interposed between the lower arenaceous beds
of the sand formation and the Portland oolite.

Taken in a general view, this formation may be considered
88 a series of clays and sands with subordinate beds of lime­
stone, grit, and shale, containing fresh water shells, terrestrial
plants, and the teeth and bones of reptiles and fishes j uni­
valve shells prevailing in the upper, bivalves in the lower,
and saurian remains in the intermediate beds. The state in
which the organic remains occur, showing that they have been
subject to the action of river currents, but not to attrition
from the waves of the ocean. The district of this formation
may be described 88 an irregular triangle, the base extending
from near Pevensey in Sussex, to Seabrook 10 Kent, and the
apex being situated in Western Sussex, near Harting Combe.

Mr. Mantell has divided this formation into the three fol­
lowing subordinate ones.·

1. Weald Clay.
It constitutes a stiff clay of va1"ious shades of blue and

brown, with subordinate beds of limestone and sand contain­
ing septaria. The fossil remains in it are

Poludinm, Bones of reptiles, rare,
Cypris faba, cyclides, Scales and bones of fishes.
It may be seen in the Wealds of Sussex, Surrey, and Kent,

forming the vale between the Downs and the Forest ridge.

2. Ha8ting8 Beds.

a. Horated Sand.

(;rey white, ferruginous, and fawn-coloured sand and iria­
if Geology of the South-East ot Eng\U\d, l'- \~'1.
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ble sandstone, with abundance of small portions of lignite~

This sand contains traces of carbonized vegetables.

b. Strata of Tilgate Fore..
Sand and friable sandstone, of various shades of green, yel­

low, and ferruginous; surface often deeply furrowed.
Tilgate stone, very.fine compact, bluish or greenish grey,

grit, in lenticular masses, surface often covered with mamil.
lary concretions; the lower beds frequently conglomerate,
and containing large quartz pebbles.

Clay or marl, of a bluish grey colour, alternating with sand,
sandstone, and shale.

The fossils are rarely bones and shells, ferns, and stems of
vegetables.

c. WorM Sand8tone.
White and yellow friable sandstone and sand. The fossils

are ferns and arundinaceous plants, lignite, &c.

3. As/WumAam Beth.
A series of highly ferruginous sands, alternating with clay

and shale, containing ironstone and lignite. The foSsils are
ferns and carbonized vegetables.

Shelly limestone, alternating with sandstone, shale and
marl, and concretional masses of grit.

The fossils are Cypris; shells of the genera cyclas and
cyrena; lignite and carbonized vegetables.

1. Weald clay. This formation is remarkably favourable to
the growth of the oak. I t8 out crop forms a valley between
the lower green sand on the one hand, and the forest ridge on
the other, throughout the northern and north-western division
of the southern denudation of the chalk. But in the south. .
castern part of Sussex, where the lower green sand is scarcely
scen on the surface, it constitutes a valley at the foot of the
northern escarpment of the Downs, its beds of limestone and
sandstone forming longitudinal ridges.

The Sussex marble, 80 strikingly characteristic of the Weald
clay, occurs in layers that vary from a few inches to a foot or
more in thickness, and are separated from each other by seams
of clay, or of coarse friable limestone. It is of various shades
of bluish-grey, mottled with green and ochre yellow, and
is composed of the remains of fresh watet uni~a\~~\\,\\)nl\~~

by a calcareous cement into a beautiful com~a.c\ ma.'t\)\~. "\\a
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bears ". high polish, and is elegantly marked by sections of
the shells which it contains. Occasionally a few bivalves
( cycltu) occur, and the remains of the minute crustaceoos
coverings of the Cyprisfaha very constantly.

It is frequently found in blocks or slabs sufficiently large
for sideboards, columns, or chimney pieces, and few ancient
residences in Sussex are without them. They were used in
the time of the Romans; and in the early Saxon times they
were placed in the upper arcades of Cathedral churches, u at
Canterbury and Chichester. Another general use was for the
slabs of sepulchral monuments. Most of the principal Gothic
edifices in England contain slabs or pillars of Sussex marble.

The shells in it belong to the genus paltUlina, the recent
species of which inhabit fresh water. "fhe remains of the
CypriIJ faha are found also in a fresh water limestone in
France. Sussex marble has been found in almost every part
of the Weald clay.

The following table, drawn up by Mr. Mantell,· exhibits
the most remarkable fossils found in the Weald clay:-

Fe.11&. LoaIUtieI.

Scales and bones of fishes ap-
parently of a very small Resbng-oak hill.
species.

Bones of saurians.
Tooth of crocodile. Swanage bay, Isle of Wight.
Cypris faba. In the marble and septaria.
Paludina ftuviorum. In the marble.
--- extensa. Ibid.
--- clongata. Resting-oak hill.
Cardium turgidum. Swanage bay.
Melanea attenuata. Ibid.
--- tricarinata. Ibid.
Cyclas membranacea. Resting-oak hill.
Pinna. Swanage bay.
Venose Ibid.
Potamides? Shipley, near Cowfold.

2. HlJ8ti"g, beds. The altemating sands, sandstone and
shale which form the central group of the 'Veald are distin­
guished by Dr. Fitton by the name of Hastings 6ed8, because
the cliffs in the neighbourhood of Hastings present the mOlt
instructive and extensive section that can be obtained.
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They extend from Bexhill, in Sussex, to Ham Street, near
Aldington, in Kent, forming a line of irregular cliffs about 40
miles in length, and from 20 to upwards of 600 feet in height.
Crowborough hill, near Tunbridge Wells, which is the highest
point in the range, is 804 feet above the level of the sea.

The Tilgate beds consist of irregular alternations of sand
and sandstone, and lie immediately under the Horsted beds.
The lowermost stratum of these contain large concretional or
lenticular masses of a compact calciferous grit or .sandstone,
which was formerly quarried in the neighbourhood of Tilgate
and St. Leonard's forests, near Horsham. These strata were
first described by Mr. Mantell in 1822. ' There are three or
four layers of the Tilgate stone varying in thickness from two
inches to two feet each. They rest on blue clay and shale,
which separate them from the next subdivision. . They are
the principal repository of the Saurian remains of the waters
which deposited the Hastings sands, and are therefore by far
the most interesting' strata of the formation. They extend
from its' western extremity at Loxwood, to Hastings, where
they occupy the upper part of the cliffs.

The blue clay which supports the Tilgate beds is succeeded
by a series of arenaceous strata, some of which afford a fine
soft building stone, whieh is extensively dug at Worth, near
Crawley. It is for the most part of a white or fawn colour,
and occasionally contains leaves and stems of ferns and other
plants. ,The Worth sands occur in great force at Hastings,
occupying the middle of the clift: :

3. The Ashburnham beds occupy the base of the cliffs at
Hastings, and appear in many places in the interior. ' They
are succeeded by beds of shelly limestone,' alternating· with
shale, and including layers of a fine grit, precisely similar to
the Tilgate stone." This bed abounds with carbonized vege­
tables (ferns), casts of bivalves and other organic remains.·

Mr. Mantell has described and figured the principal fossils,
both· vegetable and animal, found in the Wealden strata.
Indeed, for the knowledge of not a few of these fossils we are
indebted to Mr. Mantell himself. ' The principal vegetable
impressions are of the following plants :-

1. The petrified trunks of large plants, belonging to that
tribe of vegetables which is so common in the coal beds, and

. • For a minute' description ~f th~ diJFerent Wealden ·8~ta, the'reader is
referred to Mr. Mantell'. Geology oftA, SoutA-BtUt of Engla.nd, ,.\\,~\\"
chiefly occupied with 'an 'accoUnt of these' intere.t\tig 'beds.
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which seem to hold an intermediate place between the Equiseta
and the Palms. Of these the most interesting is the

ClatAraria Lyellii, figured by Mr. Mantell in his first plate.
EfIdojinites erosa, also figured by Mantell in his first plate.
2. Cycadites Brongniarti, figured by Mantell, p. 238.
Sphenopteris Sillimani, ~ F· d b Man II 239

Phelle e. 19ure y te ,p. .
---- 1 IpSl1,

----- Mantelli, Ibid. p. 241.
Lonchopteris Mantelli, Ibid. p. 243.
Lycopodites?
Calamites?
Equisetum Lyellii, Ibid. p. 248.
Carpolithus Mantelli, Ibid. p. 246.
The shells described by Mantell are :-

Paludioa elongata, Neretina Fittoni,
--- carinifera, Psammobia,
--- fluviorum, Cypris faba.·

Cycw membranacea, ~
--media, Mantell, p. 249.
Melanopsis, or Melanca,
Unio antiquus, }
- compressus, Ibid. p. 250.
- aduncus,
- porrectus,

Psammobeo, Mantell, p. 248, fig. 6.
Mytilus.
The remains of fishes in the Wealden beds consist of de~

tached bones, teeth, scales, and fins. In some rare cases the
scales and skeleton lie in juxta position. These are referred
by Mantell to the

Lepisosteu8 Fittooi.
The remains of various species of turtles, both fresh water

and marine, have been discovered in the strata of Tilgate
Forest.

Teeth of the crocodile have been found in Tilgate Forest.
They are figured by Mantell, p. 261.

Scales resembling those of the alligator.
Megalosaurus Bucklandi.
Iguanodon. The teeth, vertebrre, aod hom of this animal

were discovered by Mr. Mantell in the coarse conglomerate
of the forest as early as 1822, and he has given an interesting

• All figured by Mantell, p. 248.
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account of the remains of this extraordinary reptile, which
seemingly fed upon vegetables.· Nothing like a perfect
skeleton of this remarkable animal has hitherto been found.

Plesiosaurus, probably dolic/wdeinu, the same as occurs in
the lias.

Bones of a bird, probably of a species of ardea.
Megalosaurus. Teeth.
Cylindricodon. Teeth.
HyltBosa",nu·t
Traces of the green sand formation may be observed under­

lying the escarpmeuts of chalk in Yorkshire. It appears very
decidedly in the vale of the wAite Iwrse in Berkshire, near
Childray and Wantage. Hence it may be traced through
the counties of Wilts and Dorset. In Wiltshire it frequently
constitutes a secondary range of hills standing in advance of
those of the chalk formation, and nearly rivalling them in
height. This is the case at Warminster and Stourhead. It
forms also the vales of Pewsey and Wardoor.

On the confines of Dorset and Devon, it presents many
high and insulated masses, constituting outliers. In this way
it forms the extensive table-land of Blackdown, which stretches
far into the west, covering a great part of the eastern district
of Devonshire. Still farther west and beyond Exeter we
have another outlying mass of this formation, capping the
long range of Haldon Hill, which is divided only by an in­
termediate valley from the granite of Dartmoor.

On the continent the green sand formation may b~ seen on
the coast of France opposite to Kent. The western bound­
ary is near Havre and Honfteur, and the eastern boundary at
Valenciennes, where the green sand assumes a conglomerate
character, and is known by the name of Tartia. This tract
has been described by Omalius d'Halloy under the name of
lower cluJl!I,.

On the northern borders of the Alps, the highest beds of
the exterior calcareous chain consist of a dark coloured lime­
stone, often mixed with sand and green particles, and agreeing
in its fossils with the green sand formation in England.
Similar beds, and in a similar position, are described as occur­
ring on the skirts of the Maritime Alps of Nice.

• P. 269. See also Phil. Trans., 1825, p. 179.
t An interesting description (with figures) of the skeleton of this animal,

discovered by Mr. Mantell in the sandstone of Tilgate Forest in \%~'}.\~\\

be found in his work so often referred to, p. 331.
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The quaderland8tein of Saxony is considered by lOme to
belong to the green sand formation; but the more general
opinion is that it constitutes a bed in the oolite formation.

M. Thirria describes a considerable superficial deposit of
clay with pisiform iron ore in the department of the Haute
Saone, part of which he considers as referrible to the green
sand.

M. Brongniart notices among the cretaceous rocks of the
Isle d'Aix, and the embouchure of the Charenti, a marl which
he refers to the Wealden clay, containing nodules of amber,
pieces of lignite, and silicified wood, ill which holes formed
by some perforating animal are replaced by agates.·.

According to Professor, Pusch, there is a ferriferou8 deposit
in Poland, situated between the Jura limestone and the creta­
ceous rocks, which may be considered as the equivalent to
the Weald clay and iron or Hutings sand of England. . He
gives' a detailed description of this formation in the second
volume of the Joumal de Geologie.
. The fossil plants hitherto met with in the green sand
amount only to seven species. Of these five species are
monocotyledonous, namely, four species of Z08terite, and one
species of clatAraria. Two species are ferns, namely one
species of aphenopteri8 and one of ltmclwpteri,.

CHAP. X.

GREAT OOLITE FORMATION.

THIS formation is of great importance, not only on account
of the space which ,it occupies, and the numerous beds of
which it is composed, but because it was first made' out in all
its subdivisions in Great Britain. For this most important
step' in geology 'we are in a great measure indebted to the
sagacity of Mr. Smith, who first determined the beds, pointed
out their distinguishing characters, and even distinguished
them by name.

This formation begins in Yorkshire, a little to the south of
the Tees, and extends southwards along the sea coast u far
as the Wash in Lincolnshire, a breadth of about ninety miles.

• Tableau des Temliul, ~. ~ l7•
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But in the interior of the island its breadth scarcely exceeds
thirty miles. From the sea coast of Yorkshire it passes in a
south-westerly direction to the south of England~ and reaches
the \sea on the coasts of Devon and Dorset, its western ex­
tremity being not far from Sidmouth, and its eastern the Isle
of Purbeck, constituting a breadth little short of forty miles.

This great tract of country is composed of a series of
oolitic limestones, of mixtures of sand and limestone, of clay
and marly beds alternating with each other, and generally
repeated in the same order. When we cross over this
formation, travelling from south-east to north-west, we may
observe, that it consists of three series of low hills running
parallel to each other, and separated by considerable valleys.
These three chains naturally divide the formation into three
parts or systems, which are distinguished by the names of

1. Upper oolite.
2. Middle oolite.
3. Lower oolite.

The three intervening valleys are occupied by clays, or cal-
careous clays, which are distinguished by the names of

1. Kimmeridge clay.
2. Oxford clay.
3. Lias limestone.

This great formation is remarkable for the numerous fossils
which it contains.

Impressions of no fewer than 43 species of plants have been
enumerated. Of these 27 are cryptogamous plants, namely,
22 feros and 1 equisetaceous species, 1 lycopodiaceous, and
3 fucoides; 4 are cycadetB, 1 Bucklandia, 9 coniferm, and 2
not well determined. Two of these, namely,

Zamites Bechii,
Bucklandi,

have been observed at Lyme Regis, in Dorsetshire.
20 have been observed in the coal beds near Whitby, which

occur in the lias, the lowest bed of the great oolite formation.
8 have been met with in the same beds at Har, in Sweden,
and 4 in Bornholm. 1'he most remarkable of these are the
following :-

Glossopteris Nelsoniana, Lycopodites patens,
Pecopteris Agardhiana, Culmites Nelsonii,
Clathropteris meniscoides, Pterophyllum dubium,
Treniopteris vittata, Nelsonia brevis.·

• An interesting description of the vegetable fOll\\' \u \ne ~()a\~~, \\\
Ih 1
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The remaining vegetable impressions have been obse"ed
at Neuewelt Stutgard, or in France.

In the undermost beds of this formation corals are rare, one
tribe only, the turbinolia, having been met with. But several
species of pentacrinite and echiDus occur in the lias limestone.

Higher up in the series among the oolite limestones, we
meet with alcyonire and a variety of corals. Indeed there is
one bed almost entirely composed of corals, and on that
account distinguished by the name of coral rag. 1'he crinoid
family is rather conspicllous in the oolite. Among others
may be mentioned the pentacrinite, caput MedusfZ and 1Ubart­
gulariB. Species of the genera conuhu, cidaris, ecAinu, and
clgpeus of the echinus family are met with, and more rarely,
fragments of crustacea.

A very cODsiderable number of shells, both univalves and
bivalves, occur in this formation. A list of ] 99 species,
together with the localities where each was found, has been
given by Brongniart in his Tableau des Terrains. But by far
the most complete list is given by De la Beche in his Manual
of Geology. He enumerates 42 species of plants, 327 species
of zoophites, 748 species of shells, 34 species of reptiles,
besides several insects and fishes whose species have not been
determined.

The remains of fish are not uncommon in the lower beds of
this formation, but they are always in a very imperfect state.
I am not aware that any of them has been referred even to a
genus, except the Dapedium politum, described by De la
Beche as occurring at Lyme Regis.

In this formation the bones of several oviparous quadrupeds
make their appearance, and no quadrupeds are met with lower
down in the series. 'fhey consist mostly of the remains of
amphibiou8 quadrupeds, which are capable of living both on
land and in water. These are the remains of turtles and of
various species of animals belonging to the genus lizard, but
differing in structure from all the species at present known to
exist, and in such particulars as must have fitted them to live
entirely in the sea. 1'hese are the Ichthyosaurus, Pluiosau­
rus, and Megalosaurus. The last must have been an animal
of prodigious size. A skeleton of one, 40 feet long, has been
found at Stonefield.

the south of Sweden, which seem to belong to the lias fonnation, may be
6een in the KOllg. Vet. Acad. Handl. for 1823 and 1824.
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Four species of Ichthyosaurus have been found at Lyme·
Regis, namely,

Ichthyosaurus communis,
plytyodon,
tenuirostris,
intermedius.

The plesio88orus dolichodeiru8 has been met with at the
same place. And the

Plesiosaurus carinatus,
pentagonos,
trigoDos,

have been found in the north of France.
The bones of a well characterized crocodile have been met

with at Boll in Wirtemberg, namely, the crocodilru Bollenri8•.
It has been met with also in England. It is a different spe-
cies from any of the crocodiles at present existing. "

But the most singular fact is the occurrence of the bones of.
a species of didelphis, or opossum, in the Stonefield slate near
Woodstock, in Oxfordshire. The opossum tribe has been
observed only in America and New Holland, and never in
any part of Europe, Asia, or Africa.

The Stonefield slate, 80 abounding in curious petrefactions,
contains also legs and thigh bones, apparently belonging to
birds. But even the genus to which they belong has not
been determined.

Two or three species of coleopterous insects (at least so
pronounced by Dr. Leach) have been met with also in Stone­
field slate. In the same slate occur several vegetable impres­
sions, principally flags, ferns, and mosses. The most charac­
teristic shell in the Stonefield slate, is a small studded Wi­
gonia.

From these petrifactions, there can be little doubt that the
great oolite formation was formed at the bottom of the sea.
At the time of the deposition of the beds, the sea" was inhabited
by fishes and zoophites. It would appear also, that some
enormous amphibious animals, now extinct, at that time ex-
isted. '

The great oolite formation, then, marks a remarkable era in
the history of the earth-the period when amphibious ani­
mals began to exist, and when the opossum tribe, and also
birds, began to make their appearance. We most now take a
more particular view of the different beds of which this great
formation is composed.
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1. Upper Oolitic System. .
This subdivision of the oolite may be divided into three

subordinate formations; namely,
1. Argillo-calcareous strata of Purbeck, which constitutes

the highest of the oolitic series.
2. Oolitic strata of Portland, Tisbury, and Aylesbury.
3. Kimmeridge clay-Oaktree clay of Smith.
(1.) The Purbeck beds, 80 called, because they are best

seen at Purbeck in Dorsetshire, to the west of the Isle of
Wight, consist of many thin strata of argillaceous limestone,
alternating with slaty marls, and forming an aggregate of
more than 300 feet in thickness.

The Purbeck stone consists chiefty of shells (principally
the helix vivipara), partly whole and partly in a state of com­
minution, imbedded in a calcareous cement, which is some­
times very pure and crystallized, and sometimes in a state
approaching to indurated marl. These beds ate separated by
others entirely without shells, and also by layers of shale and
marl, the shivery nature of which allows the stone to be quar­
ried with great ease.

The stone well known by the name of Purbeck marble, and
which was formerly much used in tbe Gothic churches in the
south of England, for columns and monuments, was nearly
the uppermost of these beds, and differs from the common
Purbeck stone only in the purity of its calcareous matter, and
in the shells being more entire. It is almost identical with
the Petworth marble, but is now out of usc, and the quarries
are filled up and scarcely known.

Beautiful impressions of fish are frequently met with by
the quarrymen, between the laminre of the limestone, and
abundance of fragments of bones, some of which belong to the
turtle. Mr. Johnson of Bristol, possesses a vcry perfect head
of a crocodile found in Purbeck, but it is not quite certain
whether it belongs to the Portland or Purbeck beds.

The thickness of the beds at Purbeck is about 291 feet.
And the greatest thickness of the upper oolitic system is about
1011 feet.

The Portland beds first make their appearance in Bucking­
hamshire. They appear very conspicuous in the upper part
of Shotover bill, near Oxford, immediately nndcr the Hast­
ings or iron sand, which constitutes the summit of the hill.
At the foot of the ridge, at Shotover, the Kimmeridge clay

mllkes itlil nr,.t appearance near the village of Headington.
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The beds may be traced south till they are lost by a thick
covering of chalk ill Wiltshire. On the south side of the
chalk, an opening between Stourhead and Shaftesbury again
exposes the subjacent strata. From this they may be traced
till they terminate on the sea coast, in the isles of Portland and
Purbeck, which con~titute the southern extremity of Dorset­
shire. At Foothill, Chilmark, and Tisbury, these beds bave
been much disturbed, and instead of their usual horizontality,
have been greatly raised, and dip to the north and east at an
angle of 40°.

(2.) The second member of the higher oolitic system is the
Portland stone. This formation consists of several beds of
coarse earthy limestone. The different beds often vary in
their characters; nor are the same beds of an uniform texture
in different localities.

The calcareou8 rocks are most commonly a fine-grained
white oolite, or a loose granular limestone of earthy aspect,
and of various shades of yellowish-grey; and more rarely a
compact cretaceous limestone, having a conchoidal fracture.
In Wiltshire and Dorset, many of the beds contain layers of
chert, alternating with them, like the flints, ill the chalk for­
mation. The lower beds are very sandy and often very
abundant in green particles. .

The more oolitic varieties, principally quarried in the Isles
of Purbeck and Portland, afford most of the st9ne used in
London for architectural purposes.

The uppermost beds in the Isle of Portland, consist of an
oolitic rock, and they are numerous. That which appears on
the summit, and is called the cap, is of a yellow colour and
porcellaneou8 character. It is only burnt for lime. The
next bed is worked for sale, being the best building stone.
Those below this bed contain numerous casts of shells that
injure the stone, which is only used for coarser purposes; and
with these beds others alternate, consisting of chert.

The whole thickness of these beds is about 120 feet.
The remains of fish are occasionally met with in the Port­

land beds. The following table exhibits a list of the principal
shells occurring in this formation :-
Ammonites triplicatus, Natica,

giganteus, Solarium conoideum,
----- Lamberti, Trochus,
----- Nutfieldiensis, Ostrea expan~a,

Turritella, Crenatula,
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Pecten lamellosus, Nerita sinu08&,
Trigonia clavellata, Unio,
--- gibbosa, Cardita,
Astarte cuneata, Cyclas,
Lutraria ovalis, Venus.·
. Of these shells the Ammonites triplicatus, and pecten

lamellosus, are most characteristic.
No other zoophitica1 remains are mentioned, than those of

a. beautiful aggregated madrepore, specimens of which, im­
bedded in a semitransparent chert, occur at Tisbury in Wilts.
Large fragments of wood are common.

(3.) Kimmeridge clay. The beds of this formation consist
of a blue slaty or greyish-yellow clay containing selenite.
But it sometimes contains beds of highly bituminous shale;
as, near Kimmeridge, on the coast of the isle of Purbeck,
where it is used 88. fuel, and has obtained the name of Kimme­
ridge coal. The beds are finely displayed near that place.
They are also well exposed on the coast of the isle of Port­
land.

o Near Smedmore, in the parish of great Kimmeridge, is
found, what the country people call coal money, generally on
the top of cliffs, two or three feet below the surface, enclosed
between two stones set edgeways, and covered with a third.
Along with the coal money, there is always the bones of some
animal. The pieces called coal money, are from two to three
inches and a half in diameter, and a quarter of an inch thick;
round, on one side flat and plain; on the other, convex with
mouldings. On the flat side there are two, sometimes four,
small holes, probably the central holes by which they were
fixed to the turning lathe. They are supposed to have been
either amulets or money. There has also been found in the
neighbourhood, a shallow bowl of Kimmeridge coal, six inches
high and 88 many in diameter, containing coal money.

The Kimmeridge clay beds, where thickest, which is on
the shore of the isle of Purbeck, are about 600 feet in thick­
ness; but they thin out as we proceed north. Near Oxford
the beds are only 100 feet thick. Farther north they disap­
pear altogether.

Remains of the ichthyosaurus and plesiosauru8 have been
found in this formation, at Kimmeridge and Headington.
The shells observed in it are the following :-

• Con..vbeare and Phillips' Geology of Eng\and and W \\\e%, \\. \,~ ..
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Nautilus, Trigonia clavellata,
Ammonites, 5 species, Venus,
Belemnites, Modiola,
Trochus, Cardita,
Turbo, Cardium,
Melania Headingtoniensis, Mactra,
Ostrea deltoidea, Tellin8,
- cristagalli, and three Chama, 2 species,

other species, Ancula,
Astarte Iineata, Pecten,
--- ovafa, Terebratula,
Trigonia c08tata, Serpulm.•

Of these shells, the 08trea deltoidea appears to be the most
characteristic. The water in this formation is deficient, and
of bad quality.

2. Middle oolitic &y8tem.

The thickness of the congeries of bed&, which constitutes the
middle oolitic system, is between 500 and 600 feet. It con­
stitutes the second range of hills, together with the valley
situated between that range and the third range of hills.
Like the preceding, it may be divided into three subordinate

. beds; namely,
1. Coral rag,
2. Calcareous sand and grit,
s. Oxford clay, or clunch clay of Smith.

It will be more convenient to consider the first two of these
beds together, as they are, in fact, intermingled. They con­
stitute a series of beds, occupying a thickness of from one to
two hundred feet; in the upper part of which, the calcareous
matter, and in the lower, the siliceous, prevails.

The coral rag, properly so called, occurs principally towards
the middle of the series. Such, at least, is the disposition of
the beds near Oxford, where they have been most attentively
examined. And it has been ascertained, that the same order
prevails in Wiltshire.

The upper calcareous beds, are a calcareous freestone, of
tolerably close texture, full of shells comminuted into frag­
ments, generally too small to admit the determination of the
genu8; more or Ie. oolitic, frequently very indistinctly 80 ;

but occasionally passing into beds, in which the oviform grains

• Conybeare and Pbillip,' Geology of England a.nd Wa.\~t~· \'%..
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are mucb larger than in any of the other oolites. The colour
of all these beds is of a yellowish white, becoming palest in
the most oolitic, and passing occasionally into shades of light
grey. It affords a tolerable building stone, but far inferior to
the oolites of the uppermost and undermost systems. Oxford
has to regret her vicinity to this formation, as it has had rather
an injurious effect upon the beauty and durability of her splen­
did buildings. It is a tolerable limestone, but contains from
one-tenth to one-third of sand. ·

The coral rag which lies under this freestone, consists, 88

its name imports, of a loose rubbly limestone, mingled with,
and often almost entirely made up of, a congeries of aggre­
gated and branched madrepores. Two or three irregular counes
of this rock intervene between the freestone and the inferior
sandy beds. They often assume a marly character, and
grey colour: they are used for lime, and for mending the
roads.

The sandy, or, rather, siliceo-calcareou8 beds, consist of a
thick deposit of yellow-coloured quartzose sand, usually con­
taining about one-third of calcareous matter, and traversed by
irregular strata, and concretions of indurated calcareo-siliceous
gritsone. These rest immediately on the subjacent Oxford
clay, and may be traced through the whole escarpment of the
hills composed of this formation, supporting the coral rag and
freestones. I t is in the calcareous grit of tbis sand that the
fossils of this formation occur in the greatest plenty, and
especially in the beds immediately beneath the coral rag beds.
The 08trea gregaria characterizes the sand generally.

Iron is generally abundant throughout the sand; so much
80, as frequently to give it a red colour.

This formation appears first on the east of Oxford, where it
forms the elevated platform rising on the south-west of Otmoor,
and occupying the interval between the confluence of the
Charwell and Thame with the Isis. This platform supports
the still higher ridge of Shotover hill, composed of the upper
system of' oolite. The whole of its surface, which extends
about five miles from east to west, and seven from north to
south, is covered with quarries, of which the principal are those
of Headington, two miles east of Oxford, at the foot of the
bigh ridge of Shotover, in which the junction of the beds of
this formation, and the Kimmeridge clay, which lies above
tJJPm, is well displayed.

Tilis formation passes regularly from a \i\t\e \\Ott\\. ot ()~{atd"
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as far south as Frome, in Somersetshire. It terminates a little
to the east of that town, between the counties of Somerset and
Wilts.

The remains of vertebral animals are scarce in this forma­
tion. Yet vertebne of the Ichth}Fosaurus have been found in
its beds of calcareous grit. The shells are numerous, espe­
cially in the beds of calcareous grit. The following are the
principal :-
Ammonites, 5 species, Serpula,
Nautilus, Ostrea gregaria, cristagalli,
Belemnite, Pecten fibrosus,
Melania, Chama,
Turbo muricata, Trigonia,
Helix, Lima rudis,
Trochu8 bicoronatus, Lithophaga,
Ampullaria, Mytilus,
'l'urritella, Modiola.

Fragments of fibrous shells are common, but not sufficiently
perfect to be made out. Many beautiful echinites occur in
this formation. The most remarkable of which are

Cidaris, 3 species,
Clypeus, 2 species.

It is in this formation that the clypeus first appears, never
being found in any formation situated above it.

Madrepores are abundant in this formation; but in those
above it they are few and scarce. The chief are

CaryophyIlia, 2 species,
Astrea, S species.

Fossil wood is often found in the calcareous grit belonging
to this formation.

(3.) The Oxford or clune'" clay forms the valley which
separates the middle oolite from the inferior range. It includes
subordinate beds of limestone, called Kelloway rock.

It consists of very thick beds of a tenacious and adhesive
clay, of a dark blue colour, becoming brown on exposure, and
containing argilJo-caIcareous geodes and septaria. These
latter are often called turtle ,tonu. The clay beds are often
mixed with calcareous, and sometimes with bituminous, matter,
affording, in the latter case, an inflammable shale, which has
led to various unsuccessful searches for coal.

In 1787, this formation was bored through near Boston, in
Lincolnshire, in sinking a well. It was 478 feet tnie".. At
the yillage of Donnington, six miles west of Lou\\\, \n L\\'\~~\.\\-
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shire, it was penetrated to the depth of 309 feet, in search of
coal. The beds were forty-one in number, and conaisted of
alternations of clay, bituminous shale, and iroDstone. In lOme
beds the clay was indurated, in others soft.

The lower portions of the formation occasionally contain
irregular beds of limestone. These have been noticed chiefty
at Christian Malford, and Kelloway bridge, near Chippenham,
in Wiltshire; and from the latter locality have been called
Kellowall rock. This stone occurs in irregular concretion&,
the exterior aspect of which is brown and sandy; the interior
being harder, and of a bluish colour. It cODsists almost
entirely of a congeries of organic remains, among which several
varieties of ammonite are predominant. The beds of clay
which cover this rock, abound in selenite, and below it are
found a brown aluminous earth, and bituminous wood. Beds
of clay separate the Kelloway rock from the oolites.

This formation appears on the sea-shore at Yew Nab, near
Filey bridge. It is probable that the greatest part of the clay
vale lying along the Yorksbire Derwent, as far as New
Malton, and lying between the chalk and the oolites, belongs
to this formation.

South of the Humber it may be traced in a southern direc­
tion through Lincolnshire, following the course of the fens
along the Ancholme navigation, and the Witham river to
Boston. It forms the substratum of the western part of the
Cambridgeshire fens, and those \vhich border on Huntingdon­
shire. Hence it is sometimes called fen clay. Where it
enters Lincolnshire on the north, it forms a very narrow tract,
not more than three miles across. But ill the southern part of
tbat county it is a good deal broader, not less than 15 miles,
wbich may be considered as its maximum breadth in England.

A line drawn from Peterborough to Bedford, Buckingham,
and Bicester, nearly marks its junction with the subjacent
oolite; and another from Huntingdon to Oxford, its superior
junction. At Huntingdon its breadth is about 12 miles, and
between Bedford and Oxford it is not more, on an average,
than 5. West from Oxford it ranges along the valley of the
Isis, as far 88 Cricklade. Thence bending on the east of
Malmesbury, it traverses Wilts in a southern direction, follow­
ing the course of the Avon past Chippenham to Melksam. It
passes on, sometimes disappearing, and finally reaches the sea
near Weymouth.

Throughout tIle whole of its course it is vef~ lQw, t\\.()\1~\\.
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Patella,
Ostrea,
Gryphma,
Perna.

occasionally it rises into moderate heights, 88 near Bucking­
ham and Bedford. Its average thickness is certainly not less
than 500 feet.

In general it forms a poor 8oil, except when covered by
white clay or 'chalk breccia. The vale from Melbury to
Shaftesbury, in Dorsetshire, is famous as a butter country.

Bones of the Ichthyosaurus occur in Oxford clay; but they
are rare, and of a different species from those in the lias. It
contains also

Ammonites, 3 species
Nautili,
Belemnites,
Rostellaria,
Serpula,

The petrifactions in the Kelloway rock are
Ammonites, 3 species, Gryphrea incurva,
Nautili, Pecten fibrosus,
Belemnites, Plagiostoma obscura,
R08tellaria, Avicula inequivalvis,
eardita deltoidea, Terebratula ornithocephala.
Chama digitata,

s. Luwer oolitic sy8tem.
This is by far the thickest and most extensive of the three.

The beds are very numerous, and many of them have been
distinguished by peculiar names; but, as most of these are
only subordinate to the great oolitic stratum, we may without
impropriety subdivide it, as we have done the other two sys­
tems, into three great deposits. These are

1. Great oolite.
2. Calcareous siliceous sand.
3. Lias.

1. Great oolite. This name has been imposed by the
English geologists, because the chain of hills formed of it
may be considered as composed of one great oolitic mass,
resting upon the calcareo-siliceous beds below it; but on a
more minute examination it will be found, that the upper
part of this great oolitic mass presents strata sufficiently dis­
tinct to entitle them to a separate description. These, in­
stead of rising in thick masses, are generally fissile or rubbIy,
are much mingled with clay, forming as it were the link be­
tween the pure oolite and the Oxford clay above it.. l\\,~

of the yellowish tinge of the oolite, they have ~e\\~n\\\, \\.\)\~~
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colour, or in some beds a pasty appearance, and a dead white
colour not unlike chalk. It is impossible to trace any general
division among these upper beds, wbich will apply to them
in every part of the course of the great oolite. They appear
rather as accidental varieties of this great formation. In some
instances, indeed, the precipitates ofargillaceous and calcareous
matter appear to have followed each other alternately, at 8uf­
ficient intervals to allow the formation of tolerably thick beds
of either kind, which may be traced over pretty considerable
tracts. This regularity is most distinguishable in the neigh­
bourhood of Bath, and through an extensive tract in the
neighbouring counties of Gloucester, Somerset and Wilts.
Some idea may be formed of this part of the country by the
following section in the neighbourhood of Tellisford and Far­
ley Castle, ten miles south of Bath, beginning with the highest
bed:-

1. Combrasb,
2. Clay,
s. Calcareo-siliceou8 sandstone,
4. Forest Marble,
5. Sand,
6. Clay,
7. Great oolite,

250
Let us take a view of the most important of these beds,

Rome of which are of considerable importance.
(1.) The corn!Jrasl" is a loose rubbly limestone, of a grey

or bluish colour; it rises in ftattisb masses, rarely more than six
incbes thick. The beds belonging to this stratum in Oxford­
shire are often of a pasty or chalky consistence and colour. In
Wiltshire it is known by tile name of Cornhraslt or ~Orngrit.

At Malmsbury, where it is thick and solid" it is much quarried
for building. In other places it is fit only for burning into
lime, and for mending the roads.

"fhe upper heds of stone which compose this rock, contain
fossils materially different from tbose in the undermost beds.
'fhe clusters of small oystershells and the stems of the penta­
erinus' lie near together, and Dot many others are found near
the bottom of tbe rock.

(6.) The clay bed lying over the great oolite is usually
called n,eadford clay by the English geologists, because it is
beStseen at Bradford upon the North Avon, a few miles east
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from Bath. It consists of a fine blue marly clay which, at
the point of its contact with the great oolite, is replete with
the remains of the pear encrinus, with many small coralloids,
and several peculiar terebratulre.

(3, 4, 5.) The 3d, 4th, and 5th beds are 80 intimately 88SO­

ciated that they require to be described together. This assem­
blage consists ofbeds of limestone, generally fissile, and divided
by argillaceous partiDgs lying between two beds of calcareo­
siliceous sand and gritstone. The undermost bed of sand is
usually insignificant, though it sometimes swells into great
thickness and importance. These sandy strata appear to
contain about one-third of calcareous matter. The gritstone
found in them is hard enough to scratch glass, and forms irre­
gular slate-like concretions.

The limestone lying between these sands is called Fureat
marble. Its beds, generally speaking, are thin and slaty.
Sometimes, however, beds of two or three feet thick may be
found. The colour of the stone is generally gray or bluish,
externally brownish, appearing on examination to be fre­
quently composed of a congeries of dark-coloured shells inter­
spersed with white oolitic particles. Bivalve shells are most
common in the thick beds, and univalves in the thin. Decom­
posed pyritical wood often gives a partial' redness, and some
of the joints ha~e a reddish tinge. The texture of the stone
is coarse-grained-the structure of its masses fissile; whence,
coarse roofing slates and flag-stones are in general use in the
villages on the course of this rock. The more solid beds have
been occasionally worked as a coarse marble, being susceptible
of a tolerable polish, and variegated by' the contour of its im­
bedded shells. From this circumstance, and the occurrence
of these strata in Whichwood forest, Oxfordshire, it has de­
rived its name.

The partings of the clay between the beds of this rock vary
in thickness, from less than an inch to more than a foot.

The calcareous slate ofStonefield near Woodstock, Oxford­
shire, belongs to the same part of the series 88 the forest
marble. This slate is exceedingly remarkable for the singular
variety of its organic remains, among which the spoils of birds,
land animals and amphibia, occur mingled with vegetables and
sea shells. The assemblage of beds worked at Stonefield,
consists of two fissile strata of a buff-coloured or gray oolitic
limestone called pendle, each about two feet thick, -&~~\\n\.\R.\\

by a bed of loose calcarea-siliceous sandstone, ea\\e~ To.c.e.,
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about the same thickness. Concretions are frequent in the
race, which are called whiflUltonu or poditU. They are par­
tially oolitic, sometimes blue in the centre, and vary from six
inches to two feet in diameter. Their form is generally that
of a flattened sphere. They do not break concentrically, but
into parallel planes, and they often contain shells.

The pendle, after being quanied, is suffered to lie exposed
to a winter's frost, and the blocks being then struck on the edge
with a mallet, freely separate into slates sufficiently thin to
afford a light material for foofing. The quanies are princi­
pally situated in the valley immediately on the south of Stone­
field village, which branches off eastwards from that of Evan­
lode.

In the Forest marble, though its various beds are composed
of little else than a mass of shells, loose and whole specimens
are rare, and are extracted with considerable difficulty. A
few, however, are occasionally found in the clay between the
layers of stone. Bones, teeth and wood, firmly imbedded in
the rock, are some of its most characteristic indications. The
following shells are stated by Conybeare to have been found
either in the forest marble or the Stonefield slate :-

Nautilus, Trigonia costata,
A fusiform belemnite, Mya,
Patella rugosa, Venus?
Turritella, Ostrea cristagalli,
R8stellaria, Pecten fibrosus, and an-
AncilIa, other species.
Serpula,

The fossil remains in the Stonefield slate are particularly
deserving of attention. It constitutes the oldest rock in
which the remains of land animals and birds occur. They
consist of

An animal of the opossum Megalosaurus,
tribe, Ichthyosaurus,

Crocodile, PIesiosaurus.
The genus to which the birds belong has not been deter­

mined.
(7.) Great oolite. This bed, both in point of thickness and

utility, is by far the most important of the British oolites. It
consists of a stratified calcareous mass, varying in thickneu
from 130 to more than 200 feet. Softer and harder beds
alternate in this mass of strata. The former affords tbe free-

stone employed for building, which renders the rock 80 valu~
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able. These strata vary much both in thickness and quality,
even in neighbouring quarries.

The Kettering freestone of Northamptonshire is rendered
extremely beautiful by the distinctness of its oolitic structure.
That of Bath has generally a finer grain; it has been em­
ployed in the late repairs of Henry ,TII.'s Chapel, Westmin­
ster. St. Paul's was built principally from quarries about a
mile north of Burford in Oxfordshire.

Fragments of comminuted shells may be observed in all
the varieties mingled with the ova, but 80 completely broken
down that it is generally impossible to make out the species.
This is the reason why we are so imperfectly acquainted with
the fossils belonging to this rock.

The colour of the freestone beds is generally white, with a
shade of yellow. Of the other beds some are grey, and lome
almost blue in the middle. Sometimes, also, beds of a brown
rusty colour are interspersed, especially at the bottom of the
series, near its j unction with the fuller's earth. The free­
stone occurs in thickly bedded masses, which, if traced to a
distance, will be often found to thin oot. Many of the other
beds exhibit a laminated cleavage not parallel to the greater
lines of the stratification, for which they have sometimes been
mistaken, and described 88 highly inclined beds alternating
with horizontal ones.

The fossil shells in the great oolite are in general so shat­
tered, that it is next to impossible to determine even the
genus to which they belong. The only genera mentioned
are ill-defined casts which have some resemblance to

Turbo, Ostrea,
Melania, Pecten,
AncHIa, Terebratula,
Serpula, Plagiostoma.

2. Calcarea-siliceous Band. This sandy deposit may be said
to form the most universal and characteristic feature of this
series; the sands pass almost insensibly by mixture of various
loamy and marly beds towards their lower limit into the argil­
laceous formation which covers the lias; and towards their
upper limit by an increase of calcareous matter into the lower
oolitic beds. Between this lower oolite and the great oolite
(also belonging to the lowest system), a thick calcareo-argil­
laceous formation, carrying beds of fuUer's earth, and some-
times also beds of coarse oolite, is interposed, often formin" a.
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very conspicuous division in this part of the series; though it
is frequently wanting altogether.

In the neighbourhood of Bath, the thickness of this calcareo­
siliceous formation is about 220 feet. It consists of the six
following beds, beginning with the upperlnost.

Tbidtn.....

1. Calcareous sand, 50 + feet.
2. Inferior oolite, • 30
3. Bastard fuller's earth, 100 +
4. Good fuller's earth, 8
5. Blue clay, 15
6. Yellow clay, 15

The remains of vertebral animals are very rare in these
beds. A series of vertebrre were discovered in the marly
sandstone of Warkworth, Northamptonshire. They probably
belonged to some saurian animal, but were dispersed without
having been determined, and none of them have been recovered.
Fragments of the crab and lobster families have been dis­
covered at Dundry, and in the north of Oxfordshire.

The distribution of organic remains is thus stated by Towns­
end:-" The lowest bed is distinguished by its abundant casta of
ribbed and studded Trigonire; immediately over this is a hard
compact coral bed, containing large specimens of Madrepora
cinerascens: then succeeds the superior bed,abundantlycharged
with shells, both unival\pes and bivalves. Among these are
Ammonites, 19 species Carditre, 4 species
Nautili, S Lutrarim, 3
Belemnites, S Astartes, 4
Trochi, 12 Unios, 2
Nerita, 1 Myas, 2
Cirrhi, 2 Fistularia,. 1
Planorbis, 1 Mytilus, 1
Melanile, 2 Modiolre, 2
Turbo, 1 Donu, 1
Rostellarim, 3 Pinna, 1
Turritellm, S Terebratulre, 11
Ampullarim, 3 Ostrere, 6
Serpula, 1 Pectines, 4
Trigonire, ... Limre, 2
Arca ? 1 Avicula, 1
Cucullrea, 1 Perna, I
Nucula? 1 1>lagiostomata, 3
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These beds present a considerable number of species be­
longing to the family of echini. They are enumerated by
Conybeare in the Outlinu of tile Geology of England and
Wales.

3. Lias. The lowest bed of all, upon which the whole
oolitic formation rest&, is called lias lime8tone, I do not know
for what reasOQ. The liaa, taken as a whole, may rather be
described as consisting of thick argillaceous deposits inter- I

mixed with limestone, than as an argillaceous lime8tone;
tbe upper portion of these deposits forming about two-thirds
of their total depth, consists of beds of a deep blue marl, con..
taining only a few irregular and rubbly limestone beds. In
the lower portion the limestone beds increase in frequency,
and assume the peculiar aspect which characterizes the lias,
presenting a series of thin stony beds, separated by thin
argillaceous partings, so that quarries of this rock at a distance
assume a striped and ribbonlike appearance. In the lower
beds the argillaceous partings become very slight, or almost
disappear. Beds of blue marl with irregular calcareous masses
generally separate these strata from the red marl'belonging to
the new red 8andstone, which lies immediately below. Some­
times 88 many as 40 alternating beds of clay, marl and stone,
may be reckoned, constituting a thickness (in the neighbour..
bood of Bath) of about 282 feet. In the midland and north
eastern counties the thickness is about twice as great.

The lias limestone has a dull earthy aspect and a large con­
choidal fracture. In colour, it varies in different beds from
light slate blue or smoke grey to white, the former varieties
usually constituting the upper, the latter the lower portions
of the formation. When purest, it contains about 90 per cent.
of carbonate of lime, and ten per cent. of clay; the blue lias
makes a strong lime, diltinguished by its property of setting
under water; the white lias takes a high polish, and may be
employed for the.purposes of lithography, but we must distin­
guish it from the stone generally used for that purpose, which
is brought from the quanies of Solenhofen, and is a much
more recent formation.

The slate clay with which the lias alternates, is grey, brown,
or black, is frequently bituminous, and often divides into
laminlB as thin as common pasteboard. In the lias no fewer
than 36 Ipecies of f088il plants have been discovered. Of
these, 12 species are cryptogamous plants; namely,

K
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2 equisetums,
9 filices,
1 lycopodites.

23 species belong to cycadere, and 1 species is a zosterites.
It is in the lias beds that the bones of the two extinct spe­

cies of lizard, the icAtA1J08aurutl and ple8io8aunu, occur.
Bones and palates of the turtle have been found in the lias

beds.' Several species of fish have been also met with, which
have been referred to the genera 8panu and cAmtodon,; but
probably tbey belong to fish unknown in a recent state; the
radius of a species of balista is of common occurrence.

The leech-like palate tritore8 of some species of fish, and
teeth in form resembling those of the shark, are occasionally
found.

Several species of crab, and a species of fIIOIIOCUlru, or 1i.1Il.,.
of Lamark, are also found.

The following are the shells enumerated by Conybeare :­
Ammonites 20 species.

The Ammonites having the siphunele in an elevated ridge
between two furrows, are chamcteristic of this formation. .
These are
Ammonites stellaris, Tornatilla, 1
---- W rncotii, Melania, 1
---- Brookii, Modiola, 4
----- Bucklandi, Vnio, 2
----- Conybeari, Terebratula, S
Nautili, 3 species, Spirifer or Pentamer~s, 1
Scaphites equales, Grypbma, 2
Belemnites, many species, Pecten,
Helicina, . S species Plagiostoma, 2
Trochus, 3 Lima, &c. • 1

The characteristic sbells of this formation are tbe Ammo­
nites Bucklandi, Gryphle8 incurva and plagiostoma gigantea.

The lias formation stretches across from the coast of the
German Qcean in Yorkshire to that of the channel in Dor­
setshire. On the east coast it may be traced from the Peak
alum works south of Whitby, nearly to the Teesmouth.
Turning southward from the Tees it passes York on the east,
and crosses the Humber a little eastwards of the junction of
the Trent and Ouse, stretching onwards to the Woldhills, on
the borders of Nottingham and Leicester, and the celebrated
quarries of Barton-upon-Soar, whence it continues through
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the counties of Nottingham, Warwick,' and Gloucester; its
whole course along this extensive line, to a few miles south' of
Gloucester, is remarkably regular, presenting an average
breadth of about 6 miles, bounded on the south-west by the
oolites and on the north-west by the red marl, but beyond
that point its course becomes much more intricate; for while
its eastern limit still continues to occupy the oolitic' range
through Somersetshire to the coast in Dorset, its western limit
becomes very irregular, feathering in and out among the· coal
fields which occur towards the estuary of the Severn and the
upper part of the Bristol channel in Gloucestershire, Somer..
setshire, Monmouthshire and Glamorganshire, and attended

· by numerous outlying masses; these intricacies, however~ have
been minutely traced and explained by the English geologists.

The alum slate at Whitby cODstitutes a bed in the lias.
Over this alum slate lies a bed of hard compact stone from six
to twelve feet thick. The workmen call It dogger, a name by
which they also designate the septaria or cement-stone, and the
component parts of both appear to be nearly the same; the
whole 'of the upper part of the alum slate resembles indurated
clay when first worked, but by exposure to the atmosphere
it suffers decomposition and crumbles into thin layers;. the
colour of the slate is bluish grey, it varies in hardness and
abounds in pyrites. When a quantity of it is laid in a heap
and moistened, it takes fire of itself and continues to burn till
the whole combustible portion is consumed. '

The coal beds whicll occur in the neighbourhood of Whitby
lie over the lias formation, and consequently are situated in
the undermost· oolitic system. The Brora coal field on the
east coast of Sutherland in the north of Scotland, is similarly
situated. It forms part of the deposits which, on the south­
east coast of Sutherlandshire, occupy a tract of about twenty
miles in length, from the Ord of Caithness to Goispie. Its
bread'th does not exceed three miles; it is divided into the
three valleys of Brora, Loth and Navidale, by the successive
advance to the coast of portions of the adjoining mountain
range, which bounds them on the west and north-west. The
first of these valleys is flanked on the south-west by hills of
red conglomerate, which pass inland on the Dorth-east of loch
Brora, and give place to an unstratified granite, which forms
the remainder of the mountain boundary.

The highest beds at Brora consist of a white ~\\\\.'t\:L\\t.~

sandstone, partially overlaid by a)issi\e \imeatal\e~ t.a\\'U\\\\\\\~
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many fossils, the greater number of which have been identified
with those of the calcareous grit, below the coral rag, show­
ing clearly that the coal beds are situated lower down in the
series than the coral rag, which coastitutes the uppermost part
of the middle oolitic system. The next bed consists of shale,
with the fossils of the Oxford clay, which is the lowest stratum
of the middle oolite, overlying a limestone resembling coni·

lwaM andforutmarble, which constitute the upper portion of
the lowest oolitic system.

To these succeed sandstone and shale, containing belemnites
and ammonites, through which the shaft of the present coal
pit is sunk to the depth of near 80 yards below the level of
the river Brora.

The principal bed of coal is three feet five inches in thick­
ness, and the roof is a sandy calcareous mixture of fossil shells
and a compressed 888emblage of leaves and stems of plants,
p888ing into the coal itself. The plant of which the Brora
coal appears to have been formed, is identical with one of the
most characteristic vegetables of the '~f'orkshire coast, but dUFers
essentially from any of the plants found in the coal measuree
situated below the new red sandstone.

The base of the entire series is seen at low water near the
north and south 8Utors of Cromarty, where the lias, with
some of its characteristic fossils, may be seen resting on the
sandstone of the red conglomerate.

There are two beds of coal at Brora, the highest of which
crops out on the sea-shore. It began to be worked in 1598,
and has been since frequently abandoned and again resumed.
Mr. Williams, the well-known author of the Mineral King",
took a lease of it in 1764, and worked it unsuccessfully till
1769, when he resigned his lease to Messrs. Robertson and
Co., of Portsoy.

The second, or lowest bed which is worked at present, is
three feet ten inches thick; but it bas a pyrites band in the
centre about eight inches thick. This was the origin of the
bad character which the Brora coal acquired, and of its sup­
posed liability to spontaneous combustion. It was pointed
out and its bad effects obviated by Mr. Beaumont. of Lime­
kilns, in 1776, when he was employed to 8urvey the country.

In 1810, Mr. Hughes, from Flintshire, was employed by
the Marquis of Stafford to examine the field and open a new
pit near Brora. In 1824., the coal raised annually was about
14000 tons, of wbich about 6,000 wete consumed an the 8{)ot
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in a salt work, which yielded about 300 bushels of salt weekly.
The remaining 4,000 tons were consumed in the country.

On the north-west coast of Scotland several members of the
oolitic series were recognised by Dr. Macculloch in the isles
of Skye, Pabba, Scalp&, Mull, &c., and his observations have
been confirmed and extended by·Mr. Murchison.

In France, the great oolitic series appears in Normandy,
occupying a considerable portion of the department of Calva­
dOl, and extending from the west bank of the mouth of the
Seine, or a little west of that as far as Carenton, so that the
cities of Caen and Bayeux are situated in it. The same for­
mation constitutes the lower part of the range of Mount Jura.
Hence the reason why on the continent the term J"ra lime"
Itone is usually substituted for oolite.

It occurs also in great force in the north of Germany,
though it would be rather hazardous to venture to assign
English names to the German terms. The MUIlcAelkalk is a
formation in the upper part of the new red sandstone, which is
wanting in Great Britain. Whether the buntsand8tein of the
north of Germany, with its equivalent, Keuper, in the south,
belong to the new red sandstone or oolite is not so clear.
The keuper occurs near Heidelberg in considerable quan­
tity, and seems to lie under the lias;· and Brongniart con­
siden it as constituting a formation immediately under the
lias.

The uppermost keuper beds consist of fine-grained calcare­
ous sand8tone, the undermost of marl. Thin beds of gypsum
are found in the mar]. Beds of slate clay occnr also in one
place under the marl. The following fossil plants have been
observed in the keuper:-

Equisetum arenaceum, the calamites arenaceus major of
Jaeger.

Various leaves, &c., not yet made out.
The MergelAalk of Bone, and the quadersandstein of Hum­

boldt, which occupies a large tract of country on the banks of
the Elbe above Dresden, and between Pirna, Schanden and
Konigstein; betw~n Nuremberg and Weissenberg; at Staf­
felstein in Franconia; at Teufelsmauer at the foot of the
Hartz; the valley of the Mozelle, and the neighbourhood of
Luxemburg; in Lorrain at Vic; at Nalzen in the country of
Fo)r, and at Navarreins at the foot of the Pyrenees-belong,

# Sec Brovrn's Glea HcidclbcrgcDI\l t ~. \&\5.
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.I think, to the oolitic series, though some refer them to the
chalk. .

In Britain, France and Germany, the oolite consists of
very nearly the same beds; but in Poland the mineralogical
.tructure seems to be altered. The undermost beds are
more or less white and marly. On this rests dolomite generally
of a dazzling whiteness, aWording the forms so remarkable in
rocks of this nature, and composing the picturesque country
between Oldkusz and Cracow, and near Kromolow, Niego­
womie, &c., rising to the height of 1,400 feet above the
sea. The upper part of the Dolomite, from Oldkusz towards
Zarki, and especially near Wladowice, contains pisiform iron
ore. It there becomes mixed with a coarse sandstone. The
upper portion of the group is formed of grey and oolitic lime­
stones and calcareous conglomerate, and passes gradually into
the lower beds of the green sand formation. The rocks of
the oolitic group rest unconformably on the coal meaBII1'tJI

and mU8cAelkalk of Poland. They have a general direction
N.N.W. and S.S.E. From Weilun they plunge beneath the
great plain of Poland, here and there appearing as islands
above it. The organic remains establish the identity of this
deposit with the oolitic series of other parts of Europe.·

There occurs, also, a series of equivalent deposits in the
Alps, the C.arpathians and in Italy, with little or no resem..
blance to the oolite of this country. But the characters,
especially in the Alps, are so peculiar that the formations can
only be identified by means of organic remains; and there
occur such singular mixtures of these, that the determination
of particular deposits is far from certain. Instead of marls,
clays, sands, and light-coloured limestones, we have dark.
coloured marbles, masses of crystalline dolomite, gypsum and
slates approaching to talc and mica slates.

What renders the investigation of the Alps still more diffi­
cult, is the confusion into which the rocks have been thrO\VD
by the power which elevated them. Whole mountain masses
have been thrown over, and the rocks really deposited the
latest occur beneath the older strata. These dark-coloured
rocks were referred by the Wernerians to the transition class,
and we are indebted to Dr. Buckland for first pointing out
their more recent origin. Since that time M. Elie de Beau­
mont has investigated these rocks in Savoy, Dauphine, Pro-

• Puach, Journal de Geo\og\e. \.. \\.
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vence and the maritime Alps. He Ihowed that the beds
described by Brochant in his .l\femoir on the Tarentaise, and
which in many places contain masses of granular limestone
and micaceous quartz rock, as well as large masses of gypsum,
belong to the oolitic group.

In a notice on the geological position of the f088il plants
and graphite found at the .Col de Chardonnet (Hautes Alps),
M. Elie de Beaumont observes, that as the traveller quits the
Bourg d'Oisans (Piedmont) and approaches the continuous
range of masses called primary, that extend from Mont Rosa
towards the mountains on the west of Coni, he will perceive
that the secondary rocks gradually lose their original character,

. though certain distinguishing marks may still be seen-thus
resembling a half burnt piece of wood, in which the ligneous
fibres may be traced far beyond the part which remains wood.
The vegetables found by M. Elie de Beaumont in these situa­
tions were examined by M. Ad. Brongniart, and many were
found by him to be the same as those which occur in the coal
measures. The following are the chief of these plants:-
Calamites Suckowii, Odontopteris obtusa,
--- Cistii, Pecopteris polymorphBt
Lepidodendron, 2 species, ---- pteroides,
Sigillaria, arborescens,
Stigmaria, ---- platyrachis,
Neuropteris gigantea, Beaumontii,

--- tenuifolia, ---- Plukenetii?
ftexuo~ ------- obtu~

Soretii, Asterophyllites equisetiformis,
rotundifolia, Annularia brevifolia.

Odontopteris Brardii,
These vegetable remains are so far associated with belen&­

"itu, that the latter occur both above and below them; 10 that
they must have existed both before and after the vegetable
deposits. 1'he same series of beds is continued to Digne and
Sisteron, where they contain the characteristic fossils of the lias.

It would be impossible, without far exceeding the necessary
limits of this work, to give a detailed account of all the Alpine
rocks which are referrible to the oolitic group. The reader
is referred to the ,·ariou8 papers published 011 the subject by
Studer, Boue, Sedgwick, Murchison, Lill von Lillienbach,
Lusser, &c. We refer also, for an excellellt abridgment of
the present state of our knowledge of the oolite ~ta\\~, \a U\\
Ja Becbe's Mfl1ItlQ/ q; Geology, p. 31 \,
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CHAP. XI.

NEW RED SANDSTONE.

THIS formation lies under the oolite and over the coal mea­
8ures, but in an unconformable position. In England it IJe..
gios at the river Tyne at Tynemouth, and extends in a south­
westerly direction 88 far 88 Cheltenham, covering a consider­
able portion of the surface of the counties of Durham, Yorkt

Nottingham, Stafford, Warwick, Cheshire and Shropshire.
The best description of it has been drawn up by ProfellOr
Sedgwick of Cambridge.

It consists, in this country, of two distinct subordinate for­
mations; namely, the flew red 8tJ1Ul8tone, which is uppermost,
and the magnesian limestone, which is undermost. The
mfUCAelJuJlk8~i",which in Germany exists in the upper part
of this formation, has not yet been discovered in Great Bri­
tain. It occupies a great proportion of the north of Germany,
namely, Hanover and Westphalia. In South Germany it ex­
tends from Hanau to Stuttgard.

In the new red sandstone formation a considerable number
of petrifactions occur, both vegetable and animal; and, from
the researches of Mr. Sedgwick, it appears that they bear a
closer resemblance to those found in the coal measures than
had been supposed.

The impressions of plants are chiefly observed in the sand­
stone beds. It is in the neighbourhood of Strasburg that
these fossil remains have been chiefly met with. We are in­
debted to M. Voltz for the description of 20 species of fossil
plants, found in that vicinity. Of these, 3 are impressions of
equisetums, 6 of ferns, :> of coniferous plants, 2 of liliaceo1lS
plants, and 3 are monocotyledonous, but not referrible to any
known tribe. Tbe vegetable remains at Leonel braes on the
Tweed, about two miles east from Coldstream, which have
been 80 ingeniously investigated by Mr. Witham, are usually
referred to the coal measures, though both the coal measures
and the new red sandstone occur at no great distance from
them.

In Germany, the beds which correspond with our magnesian
limestone, have received the name of ZecA8tein. The mag­
nesian limestone does not abound in fossils; but several shells,

all seemingly sea shells, have been found \n that \\llm\\.\\\l""
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especially in Hambleton hill, near Sunderland. It cODsists of
a porous limestone, containing many casts of sheDs and coral­
lines. The producta of Sowerby is conspicuou8 among these
casts. We find also a species of tloruu, with hairlike spines,
and smooth-shelled bivalves, from the size of a pea, to that of
a cockle, resembling those of the genus tloruu. Casts of arem
and anomim are also met with. Impressions of a reticulated
marine production, resembling the genus jl'U8tra; also encrini.
tee, and alcyonites; also casts of bivalves, resembling muscles,
and small round bodies, the nature of which has not been made
oot.

The red sandatuneformation, taken in its most comprehensive
sense, consists of the following beds, beginning with the
uppermost~-

I. Variegated marl,
2. Muschelkalk,
3. Red or variegated sandstone,
4. Zechstein, or magnesian limestone,
o. Red conglomerate, the Todtliegende of the German

geologists.
I. The variegated marlA are very conspicuous in the district

of the Vosges, and have been minutely described by Elle de
Beaumont. They may be seen likewise on the southern coast
of England. In the Vosges, they commence beneath the lifJI
sandstone, into which they gradually pass. The upper part of
these marls has a green colour, and presents thin beds of black
slate clay, and of quartzose sandstone, nearly without cement.
This last passes gradually into the lias sandstone. In the
environs of St. Leger-sur.Dheune, and at Autun, these dep~

sits cannot be separated from the lias sandstone, constituting,
in fact, only one deposit with it. This is the case also in the
arkose of Burgundy. In the Vosges, the variegated marls are
usually marked with different colours; the principal of which
are, wine red, and greenish or bluish grey. They break into
fragments, which have nothing of a slaty structure. In the
central portions of them, there are beds of black slaty clay,
bluish-grey sandstone, and greyish or yellowish magnesian
limestone. The sandstone and clay contains vegetable im­
pressions, and even coal. Masses of rock salt occur in the
lower part of these marls; and masses of gypsum are found in
the upper and lower portions, but principally in the latter.

These variegated marls, according to M. Du{te%t\Q" ~t\)~~

the red sandstone rocks in the south of 'Ftt\l\CC. \A.:t."\)~
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Ichthyosaurus,
Plesiosaurus.

Also,
Ophiura,

la Beche is of opinion, that the upper part of the red sandstone
deposit in England corresponds in its mineralogical character
with the variegated marl of the Vosges. There is no apparent
transition of the lias into the red sandstone series in England.
At the old Passage, near Bristol, there occurs a conglomerate,
composed of pieces of limestone, bones, teetb, and other
remains of saurian animals and fish, with coprolites.· ThiI
would seem to mark a period when comminuted depoeitl
ceased, and currents of water, sufficient to transport pebble.,
were in action. Between Lyme Regis and Sidmouth, on
the south eoast of England, the upper part of the red 88Dd- .
Btone series resembles very closely the variegated marls of
the Vosges. The following table exhibits. a list of the
fossil vegetables found in this bed, as collected by M. De ]a
Beebe.-
Equisetum Meriani, Pterophyllum Meriani,
--eolumnare, Jiegeri,
Pecopterus Meriani, Calamites arenaeeus?
Tmniopteris vittata, Filices Stuttgardiensus,
Pteropllyllum longifolium, - lanceolatus.

Tbe following amphibious anirnals have also been met with
in the '''ariegated marls :­
Phytosaurus eylindricodon,

eubicoden,

Posidonia Keuperina,
Saxicava Blainvillii.

In Poland, between the oolite and muschelkalk, there is an
extensive deposit of sandstone, usually termed wAite ,andsltme,
from its colour. It is divisible into two portions, the upper
being formed of white sandstone, and the lower of alternations
of fine white marly sandstone, slaty sandstone, shale, and other
slaty and dark-coloured rocks; the whole enclosing beds of coal,
from 3 to 25 inches thick. The white sandstone of the upper
part alternates with thick beds of grey-blue marls, partly red,
and more rarely variegated. Beds of limestone are also found
in it. But the most valuable product is iron ore, which fur­
nishes the largest amount of iron of any rock in Poland,
twenty-seven furnaces affording annually about 560,000 quin­
tals of metal. Fossils are rare in this deposit, except vegetable

• This name bas been given to the lurpoeed fossil feces of quadrupedJ,
found in cavern" &c.

t Manual, p. 39).
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remains. It seems to unit~ the characters of the lias sand­
stones and variegated marls.·

2. MuacAelJw.lk. l'his consists of a limestone, varying in its
texture; but most commonly grey and compact. It is occa­
sionally dolomitic, and passes into marls above and below­
When very compact, with numerous remains of the Encrinites
moniliformi8, (a very characteristic fossil,) it has much the
appearance of the mountain limestone of England. It is
sometimes so hard, that it is employed as marble. For
example, at Epinal, in the Vosges. In some situatioDs,
organic remains are very abundant in it, while in others they
are rare. This formation does not occur in' England, nor in
the north of France. But it is found in the south and east of
France, and in Germany, where it is interposed between the
variegated marls, and the red or variegated sandstone. Ac..
cording to Pusch, it occurs in Poland, and is described as being

... grey and yellow. The following table exhibits the organic
remains in this formation :-t
Fish teeth, Trigonia pes-anseris,
Plesiosaurus, Mytilus eduliformis,
Ichthyosaurus, Avicula socialis,
Another saurus, genus not Myacites musculoides,

determiued. intermedius,
Palinurus Sueurii, elongatus,
Nautilus bidorsatus, ventricosus,

nodosus, Pecten reticulatus,
Ammonites nodosus, Ostrea sphondyloides,
----- bipartitus, Cardium striatum,
---- Henslowi? Plagiostoma lineatum,

latus, rigidum,
subnodosus, ---- lmvigatum,

Buccinum obsoletum, ---- punctatum,
Turritella terebralis, Serpula valvata,
Dentalites torquatus, -- colubrina,
---- Imvis, Encrinites moniliformis,
1'erebratula perovalis, epithonius,

sumata, Ophiura prism,
----vulgaris, loricata,

orbiculata, Asterias obtusa,
Trigonia vulgaris, Astrea pediculata.

'l'he only vegetable impression is that of the neuropteris
Gailliordoti.
• Pwch, Jour" de Geolqrie, tom. ii. t FromDe \a 'Beene'.~u~, ~, ~~~.
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3. &d or varUgated ,andatofte. This stone is most com­
monly red, but is found also white, blue, and green. It is
principally siliceous and argillaceous, sometimes containing
mica, maues of gypsum, and rock salt. In the neighbourhood
of Glasgow, it is characterized by numerous circular 8potl of
a white colour, seemingly composed of indurated clay. In
the Vosges, the upper part of the variegated sandstone presents
thin beds of marly limestone and ·dolomite, which gradually
becomes more abundant, 80 that finally they constitute the
lower part of the muschelkalk. An oolitic and calcareo-mag­
neaian rock is found in it, in some parts of Germany.

What is called gru tk YOBgu, is considered by Voltz as
belonging to the variegated sandstone; while Elie de Beaumont
thinks it belongs to a lower part of the new red sandstone
Beries. I t is composed of amorphous grains of quartz, com­
monly covered with a thin coating of peroxide of iron, among
which are discovered fragments of felspar crystals. It is often
marked by cross and diagonal Iaminm, 80 common in sandstone
rocks. It contains quartz pebbles, sometimes in such abun­
dance, 8S to represent a conglomerate with an arenaceous
cement.

The variegated sandstone affords frequently a good building
stone, and when nearly free from colour, it has a handsome
appearance. There is a quarry of it some miles west from
Dundee, upon the Firth of Tay, which has a brownish-white
colour, and which constitutes a very durable stone. I t is of it
that the numerous new streets, at present rising in Dundee,
are built. Quarries of it also exist behind Helensburgb, a
village opposite to Greenock, on the Firth of Clyde, the stones
from which are employed in building that village. The ground
rises behind Helensburgh for about a mile, and reaches an
elevation of at least 200 feet. It then slopes gently towards
Lochlomond, distant about 8 miles. The surface of this ele­
vated valley is pretty smooth, and, where it is not covered with
moss, consists of a white arenaceous clay, quite filled with
water-worn pebbles of all sizes, from a grain of sand to several
tons. By far the greater number of these fragments are clay
slate, of which the neighbouring mountains are composed; but
pebbles of quartz, granite, greenstone, and even of sandstone,
are also frequently observed. Below this alluvial soil, the
whole country is composed of beds of sandstone, of various
colours, sometimes white, sometimes yellow, and often red, or
brownish red. l'nc sandstOne consists cb\~t\~ ai ~ta~U\~l\~o{
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quartz, either white or coloured. Sometimes the quartz grains
are 80 large as to constitute a conglomerate. The beds dip
towards the south-east. The sandstone beds vary from 1 foot
&0 6 feet thick, and are separated from each other by thin beds
of fissile blue-coloured slate clay. The beds on the south side
of the Firth, at Greenock, and along the sea-shore, as far 88

Ayrshire, are composed also of new red sandstone: doubtless
those behind Helensburgh are a continuation of the Renfrew­
shire beds.-

The red sandstone of the Vosges contains, according to M.
Voltz, the following shells :- .
Terebratula, Turritella Schoteri,
Plagiostoma lineatum, Mytilus eduliformis,
----- striatum, Myacites elongatus,
Trigonia, musculoides.
Pecten,

M. Ad. Brongniart enumerates the following fossil plants
found in this formation at Sulz-Ies-Bains:-
Calamites arenarius, Voltzia elegans,
---- Mougeotii, rigida,
--- remotus, acutifolia,
Anomopteris Mougeotii, heterophylla,
Neuropteris Voltzii, Convallarites erects,
----elegans, nutans,
Sphenopteris Myriophyllum, Paleoxyris regularis,

palmetta, Echinostacbys oblongus, •
FiJicites scolopendroides, lEthophyllum stipulare.
Voltzia brevifolia,

4. Zechstein. This name was applied by Humboldt to
distinguish a limestone series of a very variable character, to
which various names were given, the term zecAatein being
applied to only one of the varieties. The various beds of it
were distinguished by the German miners, by the names of
Asche (friable marl), ,tinkstein (fetid limuttme), rauchwacke,
zechstein, and kupferschiefer (copper slate) • This lowest
deposit being worked for the copper which it contains in
Mansfield, Thuringia, Franconia, and the Hartz. The mean

• This sandstone Bes immediately oyer the primary clay alate 01 the
neighbourhood. It ia therefore usually considered 88 old red sandstone;
but I have been unable to trace any interposing beds between them and the
.andstone which, near Glasgo,.-, e,idently Bes over the coal; and, therefore,
must be considered 88 new r~d .and8ton~. Fine sections or it may be seen
on the borders of the Gare Loch, between the village of \\e\eU\\)\\.~\\ a'\\\\
the Row.
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thickness of the copper slate in these countries is ab,out a fooL
The zechstein varies from 20 to 30 yards thick; the rauch­
wacke, when pure and compact, one yard thick, when cellular,
sometimes fifteen or sixteen yards thick. The stinkstein
varies in thickness from one to thirty yards, and that of the
asche is very variable.

The magnesian limestone of the north of England, which
is the equivalent of the German zechstein, consists, according
to Professor Sedgwick, of the following subordinate beds:­

1. Marl slate and compact limestone, or compact and shelly
limestone and variegated marls.

2. Yellow magnesian limestone.
3. Red marl and gypsum.
4. Thin bedded limestone.
No.1, he considers as the equivalent for the kupferschiefer

and zechstein, and Nos. 2, 3, and 4, to the rauchwacke, asche,
and stinkstein, of Thuringia.

For the organic remains in zechstein and copper slate, we
refer the reader to the catalogue given by De la Beche.·

5. Red conglomerate. The name todtliegerade is given by
the Germans to a series of red conglomerates and sandstone&,
which occur between the zechstein and the coal measures. In
Thuringia, the term is applied to those beds that lie imme­
diately under the copper slate. It is for the most part a COD­

glomerate formed from the partial destruction of those rocks
on which it rests, the fragments being sometimes angular 88

well as rolled, and of considerable size.
In England, the magnesian limestone begins at Tynemouth,

and extends with little or no interval, as far as Nottingham, or
about 147 miles. During this extent, it assumes a great variety
of appearances, and perhaps even varies in its composition.
In the neighbourhood of Sunderland it constitutes low hills,
which are quarried in several places, and being converted into
lime, is canied in great quantities to the north-east coast of
Scotland, where it is used as a manure. It is a moderately
compact limestone of a yellow colour, and is composed of

1 atom carbonate of lime, • 6·25 or 54·85
I atom carbonate of magnesia,. 5-25 or 45·65

100·00
The surface of this magnesian limestone is in many places

• Manual, p. S98.
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covered with a poor herbage, uncommon to limestone. This
bas been ascribed to the magnesia contained in it, which is
known to be unfavourable to vegetation.

At Sunderland, the thickness of the magnesian limestone in
some places, is at least 600 feet. To the south of Notting­
ham it may be seen, not far from the slates of Charnwood
forest, on the north and north-east border of the Asbby-de-la­
Zoueh coalfield. Patches of it occur near Bristol: indeed the
rock on which Lord de Clifford's house (west of Clifton)
ltands, is a magnesian limestone.

The magnesian limestone lies immediately over the con­
glomerate or sandstone bed, which covers the coal measures
in an unconformable position. This may be distinctly seen
at Cullercoats in Northumberland, near Tynemoutb, at the
western extremity of its northern boundary. It overlies the
90 fathom dyke, which appears between the strata of coal in
nearly a vertical position. This dyke passes through the coal
measures, but not the magnesian limestone. Thus, it is evi­
dent that the magnesian limestone was deposited not only
after the coal measures, but after the dyke had penetrated
the coal field.

The coal measures near Whitehaven, on the west coast.
may also' be seen passing under the magnesian limestone of
that district. According to Mr. Farey, the coal beds in
Derbyshire extend under the magnesian limestone, and have
been wro'ught under it at Bilborough and Nuthal, a few miles
north-west of Nottingham. Coal has never been got at by
penetrating through the magnesian limestone; but it has been
often worked' under that bed, and it is an ascertained fact,
(though no good reason can be assigned for it) that the coal
covered by the magnesian limestone is of inferior quality.
f The' new red sandstone which lies over the magnesian
limestone, appears on the sea-shore a little to the north of the
Tees, in the county of Durham. It passes through the whole
county of York, and is broadest at the city of York, which is
situated in that formation. It becomes somewhat narrower in
Nottinghamshire. In Leicestershire it is very broad, includ­
ing most part of the counties of Warwick, Stafford, Shrop­
shire, and Cheshire. In the north of England, the new red
sandstone covers the valley of Carlisle, and rUDS south-east
into Westmoreland, and north-west into Dumfries-shire. It
appears again in Berwickshire on the north banks of the
Tweed. On the northern side of that county, it is interrupted
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by the great transition chain which runs from St. Abb's Head
to Loch Ryan; but it appears again in East Lothian, and
continues till the coal measures terminate a little to the east of
Tranent and Salton.·

The greater part of the lowland portion of Perthsbire,
namely StrathalIan, Strathearn, Carse of Gowry, and part of
Strathmore, consist of red sandstone beds, which have nearly
a horizontal position, and in this respect form a remarkable
contrast to the position of the greywacke beds, on the eat
side of the Grampians. On this accollnt, I have little doubt
that the whole of these red, or rather variegated, sandstones,
belong in reality to the new red series, though this is not the
general opinion of mineralogists. On the east side of Scot­
land, these red sandstone beds proceed without interruption
88 far as Stonehaven in Kincardineshire, where the primary
rocks make their appearance a little beyond the river. There
are strong reasons for concluding, that the greatest part of the
County of Caithness, and the whole of the Orkneys, belong
to the same formation. That the sandstone round Inverne81
belongs to the same formation is rendered probable by the
nodules of sulphate of strontian which occur in it.

The sandstone on the coast of Ayrshire, indeed, from
Greenock to Saltcoats, along the shore, and likewise in the
Cumbraes, and at least, a portion of that in the Islands of Bote
and Arran, is undoubtedly a part of the same formation. In
short, at least as great a proportion of Scotland as of England
consists of this great formation. Thin beds of magnesian lime­
stone may be occasionally seen on the banks of the Tweed,
and also of gypsum; but the beds of these rocks, which are 10

thick in England and Germany, are entirely wanting in Scot­
land.

The fossil plants hitherto observed in the new red sandstone
formation, amount to 21 species. Of these 12 are cryptoga­
mous; namely,
4 calamites, 8 filices.

Eight species are flowering plants; namely,
5 coniferre, 1 echinostachys,
1 mthophyllum, 1 palemxyris.

One species, a jugIans, belongs to a recent plant.

• The sandstone 01 Berwicbhire is sometimes refened to the old red
sandstone formation. But at Eccles quarry, beds of magnesian limestone
may be seen puaing under it; and at Lenne} braes, on the Tweed, it
seems to overlie the coal bed••
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COAL MEASURES.
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IMMEDIATELY under the new red sandstone formation lie the
coal mea,ure" fortunately 10 abundant in Great Britain, 81

they constitute the great source of our industry and wealth.
All the manufacturing districts in Great Britain, with a few
exceptions, which admit of an easy explanation, are situated
in the immediate vicinity of coal. Bristol, Coventry, Bir­
mingham, Swansea, Wolverhampton, the potteries, Notting-'
ham, Sheffield, Manchester, Halifax, Leeds, Huddersfield,
Newcastle, Glasgow, are all situated in coal districts.

Coal fields-occur usually in valleys or troughs, of greater or
smaller magnitude, and they extend to a considerable distance
all round, without any great alteration in the dip or position
of the various beds, except where they have been altered by
th-e interposition of dyu" or by ,lips, as they are called, that
is to say, by the elevation of one portion of a coal field and
the depression of another. A remarkable example of tbi.
occurs in the Newcastle coal field. A little to the north of
Newcastle, there is a narrow dyke which runs west, and con­
sists of nothing but clay. It must have been formed by the
coal beds being separated at that particular line. Now, the
remarkable circumstance is, that the same beds occur on both
sides of the dyke, but the corresponding beds are 70 fathoms,
or 420 feet higher upon one side of the dyke than upon the
other. It is clear that the beds must have once been on a
level. By some unknown convulsion of nature, the whole
strata on one side, constituting a surface of many square miles,
must have been depressed or elevated 420 feet, while those
on the other side remained unaltered in their position.

No connexion can be traced between the different coal
fields. On that account, Werner gave to the coal measures
the name of the independent coal formation. Yet as similar
strata occur in all coal fields, there can be no doubt that they
were all deposited under similar circumstances, and at the same
period of time.

A coal field consists of a great number of beds placed very
regularly above one another, varying much in tbeir thickness
and in their constitution and generally dipping towards a par-

II. L
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ticular line, which constitutes the lowest part of the basin ill
which the coal metals are situated.

The rocks which constitute these coal measures, are Itl7Ul­
stone, slate clay, and coal. Sometimes mountain limestone is
intermixed with these beds.· This is the case in the New­
castle beds, the Edinburgh beds, and the Glasgow beds. It
is saiel also, that occasionaIly beds of greenstone and basalt
occur in them. It is probable that such beds are only of par­
tial extent, and that they are connected with the trap dykes
which cODstitute so prominent a feature in the coal districts.
~e slate clay is sometimes mixed with so much coal or bitu­
minous matter, as to give it a black colour, and to make it
combustible. It is then distinguished by the name of aAak,
or hituminous shale. Beds of clay ir07l8tmle, or carbonau of
iron, occur also in the coal measures, especially in the neigh­
bourhood of Swansea, Wolverhampton, and Glasgow. But it
is remarkable that they are wanting in the Newcastle coal
beds, and in most of those which occur in France.t It is
from this ore that the prodigious quantity of iron smelted
annually in Great Britain (above 600,000 tons) is obtained.
The fortunate circumstance of its occurring along with coal
greatly reduces the expense of the manufacture of iron in this
country. While in France, where this connexion does Dot
exist, the necessary expense of the manufacture is unavoida­
bly much greater.

The coal measures are much intersected by dykes of green­
stone and basalt running through them in various directions.
In general the coal in the immediate neighbourhood of these
dykes is injured in its quality. But what is more remarkable,
the beds of the coal measures upon one side of these dykes,
are almost always higher than on the other side. Hence these
dykes are often called troubles, on account of the great trouble
which they give the miners to discover the bed of coal upon
the other side of a dyke which they have dug out, 011 the side
at whicb they were working as far as the dyke itself.

The sandstone which occurs in the coal beds varies much
in its colour and the size of its grains. The grains are chiefly
of quartz, obviously water-worn, and interspersed with parti­
cles of mica. Sometimes nodules of slate clay, or of carbon­
ate of iron occur in this sandstone, and it is seldom quite free

• Hence called carbonijerou81imestoM by the English geologists.
t In Burgundy, however, the ironstone and coal occur in contiguou8

aituat.ions~
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from fossil wood converted into coal. About Newcastle it is
too 80ft and friable to answer 88 a building stone. Near
Edinburgh, and in Fife, it is nearly white, small-grained, and
very durable. It answers admirably as a building stone.
Near Glasgow, the upper beds have usually more or less of a
red colour, and the grains are coarser than those of the Edin­
burgh stone. But the lower beds are as white 88 the Edin­
burgh stone, and almost as fine-grained. It constitutes a
building stone, hardly, if at all, inferior to the Edinburgh
stone 88 a building material, while the quantity all round the
city is prodigious. Hence the new built Glasgow streets are
hardly, if at all, inferior to the finest streets in the new town
of Edinburgh.

The sandstone is composed of a number of beds lying above
.each other, like the leaves of a book. Some very thin and
some many feet thick. Hence it is easily cut into blocks, or
slabs of almost any size, by means of wedges driven into it.
The pillars in the front of the college of Edinburgh, are
about 28 feet long, and composed each of a single stone.
l'his sandstone is a very lasting building stone. .l\Ielrose
abbey, which is built of it, was finished ..in the year 1142, or
almost 700 years ago; yet the cornices of the windows are
as sharp and as perfect as if they had been carved only a few
years ago. The cathedral of Glasgow is about the same age,
and yet the stone work of it is still perfectly fresh.

In this sandstone casts of trees are very common. Some~

times these casts are lying in a horizontal position; but in
general they are perpendicular, as if the trees had been grow­
ing at the time when they were enveloped in the sandstone.
I have never been able to observe the branches or upper part
of these trees, but only the lower part of the trunk and the
roots. These casts consist of the very same sandstone with
which they are environed. The trees are recognised by the
bark which still surrounds the cast, having been converted
into coal. Some conception of the origin of these casts may
be formed, by supposing that the trees, of which these casts
remain, had ceased to vegetate, had lost their tops and the
upper part of their trunk, and that all the wood of the lower
part had wasted away, leaving only the hollow bark. This bark
would be naturally filled with the sand at the time that it was
deposited, and being surrounded with sand would be retained

. in its original position. This sand was afterwards consolidated
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into stone under a great pressure, which will account for the
conversioD of the bark into coal.

These casts of trees are very common round Glasgow.
About fifteen }pears ago there was a very perfect one in the
quarry situated on the north side of Sauchieballstreet. About
3 feet of the lower part of tile trunk were uncovered. l"his por­
tion was 40 feet below the upper surface of tile quarry. The
trunk was abollt 26 inches in diameter, not quite round, but
oval, the north and south diameter being somewhat longer
than the east and west one. This oval shape is not uncom·
mon in trees at present vegetating in this country. It it
owing to the influence of the 8un occasioning a greater growth
in the south side of the tree than the east and west sides.
Four long roots were seen issuing from the trunk and dipping
iato the earth, pretty much as the roots of our beech treel
may be observed to do at present.

About ten years ago an avenue of such fossil trees W8I

uncovered at once, in a quarry situated a little to the west of
the aqueduct bridge over the Kelvin, about three miles from
Glasgow. The lower portion of four trees was visible, situ­
ated in a straight line, and at equal.distances from each other.
Some years ago, a large stem of a similar tree was found in
Craig Leith quarry, near Edinburgh, in a sloping direction.­
Such trees are common likewise in the Ne\vcastle coal beds,
and doubtless in many other situations. It was supposed that
these trees were casts of monocotyledonous plants, but Mr.
Witham, by polishing very thin slices, hU8 sho\\'n that the
Craig Leith tree, and likewise the casts found at Lennel
braes to the east of Coldstream on the l~weed, belong to
dicotyledonous plants. Indeed be has proved that all the
lepidodendrons, so common in the coal beds, are pine,.

The sandstone of the coal beds always, or alrnost always,
contains plates of mica, sometimes in great abundance, some­
times scanty. When the grains of "'laich they are composed
are large, they are called grits. A variety of coal sundstone
used for mill-stones, and situated in the lo\\'er part of the coal
measures, is known in the north of England by the name of
millatone grit. This sandstone is also used for \vhetstones,
grindstones, &c. Coal sandstone is distinguished in England

• A figure of this remarkable fossil in the position in which it was found,
together with ita dimeDlioDI, is giveD by Mr. Witham, iD his late work OD
.FOIIil Vegetabl-. plate V.
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by a variety of nameL Plate, post, petlfUJftt, are lOme of the
mOlt common of these.

The slate clay varies a good deal in its appearance. Often
it is B brown coloured 80ft clay, consisting of very thin slaty
beds, lying above one another. Very often it contains a great
deal of mica in small scales. Grains of sand are seldom want­
ing. Not unfrequently slate clay passes into sandstone, and
during this passage it puts on a great variety of appearances.
These varieties are distinguished by the names of irulura"d
Ilate clay, and clay sandstone. In Northumberland and Dur­
ham, slate clay is called !lazel by the miners, obviously from
its colour, which in that country approaches to that of the bark
of the bazeI.

The beds of coal vary in thickness from that of a leaf of
writing paper to 30, or even 80 feet.

These beds alternate with each other a great nomber of
times in the coal basins. In the Northumberland coal field
there are 240 beds, which ba\"'e been cut through, constitut­
ing a thickness of 4035 feet. Of these, 30 are beds of coal,
62 are sandstone beds, varying much in their appearance.
The lowest sandstone bed is 228 feet thick. There are 20
beds of mountain limestone. The remaining 128 beds are
chiefly of slate clay.·

The Edinburgh coal beds have been completely cui
through. There are 337 beds consisting of sandstone, lime­
stone, coal, slate clay, and shale. There are 80 beds of coal,
but most of them are very thin. 1-'he beds of limestone
amount to eight.

l"he Bristol coal field is 4440 feet thick. It contains 31
beds of coal, mostly very thin; but beds not exceeding three
feet in thickness, are in that district worked with profit.

The coal beds contain a great number of vegetable impres­
sions, a much greater number indeed than all the other forma­
tioDs pdt together. The species known and described amount
to 260. Of these, 12 are coniferm, 4 palmm, 2 equisetums, 3
calamites, 107 filices, 12 lycopodites. Many of these, as has
been already observed, are tbe casts of trees, or at least of
plants, whose trunks emulated trees in size. These casts
occur chiefly in the sandstone beds. Trunks or stems, usually
flattened, as if they had been subjected to violent pressure,

• See Westgarth Fol'Iter'. Section of the Strata from Newcutle to
Cl'OIIfell, p. 1M.
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occur also in the slate clay or shale. In the coal itself, fOf'

the most part, no vegetable impressions can be traced, though
occasionally portions of coal occur, having exactly the struc­
ture and properties of wood charcoal. It is the universal
opinion, that coal is nothing more than an accumulation of
vegetable matter, which probably has been altered and con­
verted into coal by the action of heat under a very great pres­
sure. In the slate clay and shale, the impressions of leaves of
various kinds are met with.

Not a single vegetable impression in the coal beds has been
identified with any plant at present growing on the earth.
They all probably belong to a warmer climate than oul"8, and
they seem to have reached a size much greater than that of
the same tribes of plants at present vep;etating on the earth.·

We are indebted to M. Ad. Brongniart for the completest
accouDt of fossil vegetables which has yet appeared. His
work, when finished, will contain figures of all the species of
fossil plants hitherto met with. We shall borrow from his
Prodromus a sketch of the fossil plants belonging to the coal
beds.

The vegetable kingdom has been divided by botanists into
six grand classes; namely, agamia, cryptogamia cellvltMa,
cryptogamia vasculosa, phanerogamia gymnoapermia, p1umero­
gamia angiospermia monocotyled0n08a, phanerogamia aagio­
spermia dicotyledonosa.

The agamia, so called because they exhibit no traces of
flowers or seeds, comprehend the alglB, or sea weeds, the
fungi, or mushroom tribe~ and the lichens, or plants which
vegetate on stones or on the bark of trees.

The cryptogamia ceUulosa comprehend the mosse, and
HepatiClB. They have no vessels, but they have distinct
leaves. The organs of production are evident, but the parts
are so small, that the uses of the different organs have not
been made out in a satisfactory manner.

The cryptogamia vasculosa, consist of the equisetums, the

• From the observations of Mr. Hutton, made in the same way 88 Mr.
Witham's, by cutting thin slices of coal and examining the polished face
with a glass, it. appears that the structure of coal is organized. Caking
coal, splint coal, and cherry coal, besides a reticulated structure, exhibit
cells filled with a stnlw-coloured volatile matter, apparently bituminoUl.
These cells vary with the coal. ID caking coal they are comparatively
few and much elongated. The cheny coal coDtains two kinds of cells, the
ODe similar to those in caking coal, the other smaller. In cannel coal, the

Drst kind ofcell is usually wanting, but the second k\ud \a ll\ \\'~U\\qm.~.. .
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fems, the lycopodiacice, the marsiUi.acetB, and the characeO!.
These plants. have distinct vessels, and their leaves, in general,
are large, and very much developed. Tbe stems. when they
are arborescent, have considerable analogy to those of the
monocotyledonous shrubs and trees. Brongniart is of opinion,
that most of the casts of the trunks which occur in the coal
sandstone, belongs to this class of vegetables. But the late
discoveries of Witham have thrown considerable doubts about
the accuracy of this conclusion. There are reasons for believ­
ing that the equisetums, filices, &c. which are found in the
coal measures, reached a much greater size than their repre­
sentatives of the present ti~e, even in the torrid zone. . This
cannot be explained without admitting, that the heat and
moisture of the climate was at that time more favourable to
vegetation than even the torrid zone is at the present day.

"The fourth class, the phanerogamia gymnospermia, consists
of two very remarkable.families of plants, the cycadelB and the
confinJce. They are well distinguished from all other plants,
by the structore of their organs of production. The seeds
being destitute of capsules, receive directly the action of the
fecundating substance.. They are distinguished also by the
organization of their stems, very different in several respects
from those of true dicotyledonous plants. I am not aware
that any remains of plants, belonging to this class, occur in
the coal beds.

1'he 5th and 6th classes, consisting of monocotylerlonous,
and dicotyledonous plants, are similar to those which exist
at present. Very few vegetable remains of the coal beds
belong to these classes, unless we are to except the casts of
trees, which Mr. Witham has shown to belong to the class
of dicotyledonous plants. There are three species of fossil
plants in the coal beds which bave been referred to the palm(/!
or palma, a well-known tribe of monocotyledonous plants;
and one species referred to the cannce, also B tribe of monocoty­
ledonous plants.

The number of speci~s of plants, found in tIle coal beds,
or those immediately below them, amounts to 240; of these,
4 belong to the class of agamia; 220 to the cryptogamia
vasculosa; and 16 to the phanerogamia gymnospermia.

The names of the families, to which these plants ha,"e been
referred are
Equisetllm, Filice.."

Galamitc~,
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Spbenopteril, 21 species,
Cyclopteris,
Nellropteris, 11 species,
Pecopteris, 41 species,
Lonchopterie,
Odontopteris, 6 species,
Schizopteris,
Sigillaria, 4. 1 species,
Mar8illiacetB,
Sphenophyllum, 7 species,

Lycopodiacee,
Lycopodites, 10 species,
Selaginites, 2 species,
Lepidodendron, 34 species,
Cardiocarpon,
Stigmaria,
Palme,
Flabellaria,
Nmggerathia,
Canne,
Cannophyllites.

For an account of all these fa~i1ies, with figores of each
species, we refer the reader to Brongniart's work. A bare lilt,
which is all that we could give bere, would be of little use.

A great number of fossil shells, chieftr sea-water shells, baa
also been found in the coal measures. For a list of these,
together with the localities of each, we refer the reader to De
la Beche's Manual qf Geology, p. 419.

Some fossil fish palates have been also met with near Leeds;
and also the remains of fisb, which, however, have Dot yet
been referred even to a genus.

The mountain limestone, which alternates with the coal
beds, contains also many fossil zoophites and shells. For a
catalogue of these, we refer to De la Beche, p. 421.

The northernmost of the British coal fields occupies a con­
siderable portion of the great central valley of Scotland; being
cut off on the Dortb by the Ochil hills, and the river Eden, in
Fife; and on the south by the transition chain of mountains,
running from St. Abb's Head to Loch Ryan, in Galloway.
It begins at the south bank of the Eden, where it flows into
the 8ea about 4 miles north from St. Andrew's, in Fifesbire.
Its northern boundary for some way is the Eden; then the
Ochil hills, till nearly as far west as Alloa. It then crosses
the Forth, passes a little to the north of Bannockburn; and
proceeding south-west, its boundary is the Campsie hills.
About 8 miles west from Glasgow, it crosses the Clyde, and
goes, in a south-westerly direction, to the north of Irvine.

On the south side, the coal field begins a little to the east
of Tranent and Pitcaitland, in East Lothian. It is bounded
on the south by the Lammermllirs and Pentlands. It is broadest
of all in Lanarksbire, and gradually contracts as it gets to tlte
west sea, and appears to terminate not far from Girvan, in the
south of Ayrshire. There are a few offsets from this great
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field, constituting small coal tracts in Dumfriea-shire. But
they are insignificant.

The Mid Lothian portion of this coal field was surveyed, at
the expense of the Duke of Buccleugh, by the late Mr. Farey;
but the details of the survey have never been given to tile
public. The field constitutes a lengthened baain, dipping to
the north. Hence the lowest beds crop out against the side.
of the Pentlands. The uppermost bed may be seen at Mussel­
burgh. These beds may be divided into three series: 1. The
eoal measures, properly 80 called, which consist of numerous
beds of coal, alternating with beds of slate clay, shale, and
sandstone. 2. Under this series lies a set of beds, composed
of alternate strata of abale and sandstone, mixed with beds of
limestone. The coal beds in it are few and unimportant. 3.
In the third or lowest series, tlte mountain limestone predo­
minates. The coal beds are reduced to slight traces, which
have never been worked. "fhe lowest bed of all is a red­
coloured sandstone.

1'here are 337 beds in the Mid Lothian coal field; of these,
84 are beds of coal; but the greater number of them too thin
to be. worked. There are eight beds of mountain limestone.
Altogether these coal beds constitute a thickness of about
6000 feet.

A table of tbe coal strata of Lonnhead, which repose upon
a limestone containing marine remains, and constituting a
thickness of 2336 feet, is given by Dr. Hibbert, in the Edin­
burg" TranBacti0ft8, vol. IS, page 250. Among these strata
there are 26 beds of coal, constituting together a thickness of
94 feet. Between the limestone constituting the base of the
Loanbead strata, occurs a considerable thickness, (not less than
2000 feet,) consisting of strata of shale, sandstone, thin seams
of coal and of ironstone, the whole of which rests upon a bed
of limestone, 27 feet thick.

1"his limestone crops out at Burdiehouse, about 4: miles
louth-east from Edinburgh, where it has been quarried for
many years. Dr. Hibbert was the first person who examined
this limestone; and he has published a most interesting account
of it in the PAilo.up/,ical Trafl8actWn, of the Royal Society of
Edinburg".

It has a bluish-grey or blackish-grey colour, from the
bituminous or vegetable matter which is abundantly diffused
through it. In its composition, it very rarely shows any

• Vol. 13, p. 169.
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crystalline texture, such as is observable in the mountain
limestone of neighbouring quarries. It bas a dull earthy
aspect, and yet is as hard as ordinary limestone. When
fractured, it sometimes breaks into a slaty form, particularly
when it is alternated with thin strim of vegetable or bitumin­
ous matter. When these are absent, its fracture is conchoidal.
In the quarry, it appears in regularly inclined strata, each
about 4l feet thick, and dipping towards the lOuth-east, at
angles of from 23° to 25°, while its seams of stratification are
so regular 88 to afford, during the process of quarrying, a
continuous surface of almost unlimited extent.

Dr. Hibbert has shown that this limestone is a fresh water
formation, coutaining abundance of the same vegetable impres­
sions that occur in the coal beds. The most common of the
fossil plants in it is the sphenopteris affinis, figured by Lindley
"and Hutton, in their Fossil Flora of Great Britain, plate 45.
This fern seems to be confined to the lowest part of the coal
formation. It is the first plant which occurs above the
transition slate in Berwickshire. In a similar position it was
observed by Dr. Hibbert in Linlithgowshire and Ayrshire.
The Burdiehouse limestone contains also impressions of sphe­
nopteris bifida, sphenopteris linearis, and several other fems.
There occur also many Lycopodiacere; for eXBlDple, the
Lepidodendron selaginoides, L. obovatum, L. Steinbergii,
Lepidophyllum intermedium, Cyperites bicarinata, Lepidoe­
trobus variabilis, Cardiocarpon acutum.

This limestone contains a prodigious number of Entomos­
traca, ranging in size from TIl}. to ll\lth of an incb. The moat
remarkable of these is a cypris, to which Dr. Hibbert has given
the specific name of Scoto-Bordigalenai8, from the situation of
the limestone.· To another of these minute creatures Dr.
Hibbert gives the generic name of daphnoidia. Others re­
semble the planorbis or spirorbis, but probably constitute
new genera.

But the most remarkable circumstance connected with the
Burdiehouse limestone is the remains of fossil fish, which it
contains in abundance. Dr. Hibbert gives a particular de­
scription, together with_drawings, of the palmoniscus Robisoni,
a new species determined by M. Agassiz, during his visit to
Edinburgb, in the autumn of 1834. Another fossil fish found
in the same placehas been called, by Agassiz, EurynotuB crmatus.

• Burdiehouse is a corruption of Bourdeaux house, so rnllcd becausc it
W8S, in the time of Queen Mary, inhabited b)9 her FrrDch attendants.
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It constitutes a new genus, belonging to his family of Lepi­
doides. Another fish is a species of Amblyteras.

But the most extraordinary fossil remains are those of a fish
of an immense size to which M. Agassiz has given the name
of MegalgchtAis. It is referrible to the Lepidosteus spatula,
a fish which at present inhabits certain fresh-water lakes in
South America. This fish possesses considerable resemblance
to the crocodile of the Ganges. M. Agassiz was permitted
to dissect a specimen of this fish preserved in spirits in the
British Museum; he found)t possessed of lungs, and to have
many close analogies with saurian animals. It would appear
from this that in those remote periods of the world when the
Burdiehouse limestone was deposited, the fish were different
in their organization {rom those which at present exist; being
able, {rom the lungs with which they were supplied, to live
either in water or on dry land. This provision of nature was
doubtless intended to enable the fish to continue to exist,
though subjected to the rapid alternations of dry land and
water, which apparently took place at that remote period.

The megalichthys constitutes a new genus of fish, the spe­
cific name of which, Hibberti, M. Agassiz, with great pro­
priety, took {rom the eminent geologist to whose praiseworthy
Bnd indefatigable exertions we are indebted for our knowledge
of the fossil animal remains which have given so much cele­
brity to the Burdiehouse limestone.

The magistrates of Stirling are at present boring for coal
at the Raploch, on the west shoulder of the Castle hill. The
boring has advanced to 46 fathoms, and they intend to con­
tinue it to the depth of 72 fathoms. The borings have been
all through the usual coal metals, as may be seen by the fol­
lowing table, exhibiting the names and thickness of the various
strata through which they have penetrated.

Nota, or Journal of Metals, in a bore at the Raploch, belonging to
Cowan·. H06pital founded within the burgh of Stirling, lMgun 9th
Sept. 1834.

o.
1. Clay. •
2. rafel Dlucd with cl y
3. BIDes. .
t. do. mixed with iron

While freeslone
Grey do. .
Light grey do. .
Dark do. mixed wiLh blile
Grey free toDe

ark bl . .
do. mi cd willI iron .

_ 41.
:.. 4

IIi
0&

9f
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No. ...... 1'-. ....
A band of iron 21
Dark blaes 8 ~t

6. do. do. 5 6i
A band of iron S

7. Dark hlael 1 2l
A band of ironltoDe lit

8. Dclrk hlae. . I 7
Hard white Itone 2i
Dark bltlCl 1 1 2t-_.- 7 0 9

9. Hard greystone 0 8
Dark grey blae. 4 9

10. do. do. • 8
do. last 2 feet harder 2

" 8 9
11. Hard greystone • . 0 0 8
¥J. Dark blael with thin hard buds 4: 9l

do. do. " 3
Dark hard stone 0 0 It
do. hlileJ mixed with bands "do. but harder 3

2 I 8t
18. do. grey Itone, very hard 9
14. do. do. 8

0 1 I
15. Dark blaes 2
16. Grey stone 3

'Vhite do. 2j
Hartl bluish do. 8
Grey plies, hard and blue 7
Hard blue stone 7

~ ';t
Grey plies _I_Ii

0
17. White freestone 6
18. Grc\' do. I -&

Dark bIllel 4
A hard band

~tDark hlae8 2
do. mixed with foul coal I Ii

0 " :t19. Hard greystone • • • 0 I
20. do. Dark hlaes ,,"itb 8 in. or a grey band 0 i 11
21. Dark freestone • • • 0 1 8
22. Hard grey band "ith 9 inches of hlaes . 0 1 8t
23. Grey plies mixed with dark blaes and 2 in. of coal 1 0 8
2~. Hard grey freestone 1 3 III
25. Dark plie8 mixed with blaes 0 3 81
26. Hard clear coal 0 0 lIt

====
32 3 "27. Hard ,,-hite 8lone 1 3

~t28. Dark hlaes mixed with hard bands 4 "29. Hard ",hite 8tone . . . 3 4 9
30. Dark blacs mixed with dark freestone 0 I II
31. A band of ironstone with 3 in. of greystone 0 0 3
32. Dark blaes, very hard, with 4 in. of hard greystone 0 2 2

30th Jan. 1885.
"461-2-,10

Ezp/4IU11io" of til. Tmu.-Blaes i. the local name (or ,late cia)"; white and
INT .ton. lire IUJd.ton.; dark blU&, ,ba\e.
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IncbeL
1
3
1
S

-'
8

10
8
8
6
4­
Il
51•

The Glasgow coal field is much more extensive than the
Edinburgh, and has not been penetrated nearly to tIle same
depth. Only tbe six uppermost beds of coal have hitherto
been worked. Tbe following table exhibits the succelsion of
beds, from the surface to the first thin coal bed at the Clyde
Iron Works, aboot four miles east from Glasgow:-

Bed&. Feet.
1. Reddish white sandstone, . 4
2. Red quartzy sandstone; • 0
8. Hard white slate clay, • 0
4. Soft blue slate clay, • 5
6. Hard siliceous slate clay, • • 0
6. Soft blue slate clay, • 7
7. Ditto with vegetable impressions, • 7
8. Shale, 0
9. Impure coal, • • 0

10. Gray sandstone full of casts of trees, S
11. Soft blue slate clay, 8
12. Sbale, • 0
18. Coal, • 0

38 ]0
This first bed ofcoal, being only 51 inches tIlick, is not work..

able. 'I'he uppermo8t workable coal, where nearest the surface,
is at the depth of ten fathoms. It is four feet thick, and con­
lists of sqft coal, or cherry coal as it is called b)' the lniners.

The second workable beel occurs eighteen fathoms below
the first. It is three feet six inches thick, and consists partly
of 80ft coal, and partly of spli1tt or liard coal. It bas much
less lustre than the soft coal, is very tough, and breaks with a
splintery fracture. It is not so easily kindled, but burns \vell,
gives out much heat, and lasts longer than the soft coal.
Hence it sells at a higher price.

The third bed of workable coal is fOllr feet thick, and lies
at tile depth of six fathomR below the second. It consists,
like the first bed, of 80ft coal.

The fourth bed of \\'orkable coal is three feet thick. It
consists, lilte the preceding, of 80ft coal, and lies at the depth
of twelve fathoms belo\v the third bed.

The fifth bed of coal lies ten fathoms below tile fourth. It
is three feet nine inches in thickness, Bnd consists almost en­
tirely of splin t coal.

The sixth or lowest bed of coal hitherto penetrated, lies It
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fathom below the fifth bed. Its thickneu is seven feet, in­
cluding some thin bands of stone which occur in it. This bed
consists of a caking coal, similar in its properties to the New­
castle coal. It is at present scarcely worked, the demand for
this kind of coal not being great.

Thus, the whole depth of the Glasgow beds hitherto worked
amounts only (including the coal) to 61 fathoms 4! feet, or
370! feet. This shallowness is probably the reasoD why
these pits are very seldom obnoxious to fire damp.

The Glasgow coal field dips on both sides to the Clyde,
which, of course, constitutes the deepest part of the basin in
which the coal measures have been deposited. About six
miles north-east from Glasgow a section of the coal measures
is exposed by the Garnkirk railway. Here they dip to the
north-east. This change of direction has been probably pro­
duced by a basalt dyke, which traverses the field on the west
side of Bedlay.

At Hurlet, about five miles south-west of Glasgow, there
occurs a single bed of coal between five and six feet thick.
It has been workea for at least two hundred years. The bed
of coal is situated twenty-eight fathoms below the 8urface.
The roof is mountain limestone and the floor shale. The
connexion between the Hurlet coal and the Glasgow beds is
not well understood. They are separated from each other by
a dyke which has deranged all the strata. But it is certainly
situated greatly below the Glasgow beds. Its depth below
the sixth bed is calculated, by the best coal engineers about
Glasgow, to be more than two hundred fathoms.

On the north side of the Clyde, the farthest west coal pit
is at Duntocher, (about eight miles west from Glasgow,) in
the parish of Old Kilpatrick. Only one bed of coal is known,
situated twenty fathoms below the surface. This bed is be­
tween fouf and five feet in thickness, and consists, like the Har­
let coal, of a caking coal a good deal mixed with iron pyrites.
The roof of the coal consists of a bed of mountain limestone
between four and five feet in thickness, and full of the usual
shells which distinguish that formation. The other coal
metals, namely, beautiful sandstone, shale and fire clay alter­
nating, constitute the beds between the limestone and the
surface. The coal dips to the south-east, and doubtless lies
below all the Glasgow beds.

The principal species collected by my son, from one of
Mr. Dunn's limestone quarries, were the following:-
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Producta Scotica of Sowerby.
--- longispina, S.
---- fimbriata, S.

i\od three other species which seem to be new, or at least are
not figured by Sowerby.

Terebratula, 4: species.
Spinifer, the same species as was observed in the limestone

at Swinridgemuir (noticed below), and two other species.
Unio, one species.
Dentalium, one species.
With many encrinites and some other corallines.
Neither bas the position of the Johnstone beds, relative to

the Glasgow seams, been determined. There was at one
time a bed at Johnstone nearly eighty feet thick, but it has
been worked out.

The annual consumption of coal in the Glasgow market,
taking in what is exported, amounts to about 750,000 tons.
Besides this, about 120,000 tons of coals are consumed in the
iron works in the neighbourhood of Glasgow; so that the
whole annual consumption amounts to about 870,000 tons.

The coal metals continue with little interval from John­
8tone to the sea coast at Saltcoat8; but the country is so in­
tersected with trap dykes, which heave the beds (always to
the east), that the connexion between the coal beds in Ayr­
shire and those of Glasgow has never been traced. At Swin­
ridgemuir, in the parish of Dairy, the beds dip to the east by
south. There are three beds of coal, the two uppermost not
more than twenty-two inches or two feet thick, and the highest
of these crops out behind the house of Swinridgemuir. Under
it lies a bed of limestone, which when thickest is not ]e89
than twenty feet, but it thins out to four feet or even less.
Between this limestone and the lowest workable bed of coal
known is twenty-one fathoms of sandstone, shale and slate
clay. The coal is from four to five feet thick. One trap
dyke heaves this coal field eighteen feet, another about sixty­
eight feet. In these cases the portion of the field on the west
side is always the lowest.

The uppermost portion of the limestone bed is full of en­
trochites, caryophyllia and productas. I think, also, that I
observed a new species of spinifer, and a nautilus seemingly
also a new species, with some obscure traces of a pecten or
some analogous shell, together with the producta Martini.
In the slate clay were numerous casts of Ducula gibbosa of
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Fleming, and a specimen or two of DUCUla attenuata, Bellero­
phon Urii and euomphalus eatillus. In the limestone there
was the impression of a lea~ which is probably new. It had
some slight resemblance to a fucoides, only it had a middle
rib.

About three miles to the west of DaIry is situated Beadlan-
hill, round backed, covered with grass and elevated 908 feet
above the level of the sea. This bill, or at least its upper
part (which alone I was able to examine), is a mass of basalt.
In this rock, some hundred feet below the summit and very
near the surface, there is a bed of coal four feet thick dipping
to the north-west at an angle of 4bo, though the regular coal
beds at the foot of the hill dip to the east by south.

Both the roof and floor of tbis coal is basalt. The coal
is without lustre, has a brown colour, does not stain the fingen,
is uncommonly bard and exceedingly tough. Its specific gra­
vity is 1·317. It burns with a lively flame for some time, and
leaving a matter having the shape of the piece, and which
gradually wastes away with a strong 8ulphureou8 smell, leav­
ing 25·77 per cent of a red earthy residue, composed of silica
and oxide of iron, with a little lime and alumina. This coal
differs in appearance from any that I have seen, and, were it
not for the great proportion of earth which it contains, would
probably answer for manufacturing gas. Its structure is slaty.
I observed some vegetahle impressions in it, differing from
any thing hitherto described among fossil vegetables in coal,
as tlley seemed to be jucoides. 'fhe coal at Fairhead, in the
north-east point of Ireland, is similarly situated. Whether it
be similar in its nature to the Beadlan coal I have never had
an opportunity of judging.

'I'he mountain limestone at Muirkirk, in Ayrshire, contaios
the following shells:-
Producta costata, Sow., Nucula attenuata,
---- bemispherica, Sow., Encrinites and carioph)'llia,

(a gigantic specimen,) Lepidodendron Harcourtii.
The Campsie hills, wbich bound the Glasgow coal field on

the north, consist partly of trap rocl(s and partly of coal mea­
sures. 'I'he lo\\per part of these bills consist of alternate beds
of slate clay, sandstone, shale and limestone. There occurs a
beautiful variety of greenstone in these bills composed of
labradorite, in large crystals, and hornblende. l'his kind of
greenstone, which has not yet been described by geologists,
11 rather abundant in the neighbourhood of Glasgow. A
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great portion of the hills on the south side of Paisley consists
of it. Large blocks of it may be seen on the road near Glen­
Differ.

To enable the reader to understand the situation of the
coal fields in the north of England, it will be requisite to give
• short sketch of the nature of the country. The whole north
of England is traversed by a chain of mountains which the
Romans distinguished by the name of the Peni'IUJ Alps. It
may be observed branching off from the transitiqn chain of
mountains which cro88 th, south of Scotland, but it does not
rise to any considerable height till it reaches· Geltsdale forest
in Northumberland, near to which is CrossfeII, the highest
summit of the chain, and the highest mountain in England.
Thence it proceeds south by Stainmoor forest to form the WeB­

tem moorlands of Yorkshire, and the elevated country between
that county and Lancashire. Farther south it enters Derby­
shire and Staffordshire, forming the High Peak of the one,
and the moorlands of the other, and the chain finally expires
on the banks of the Trent. '{hough this range of hills con­
tains no coal, yet it is compORed of rocks obviously connected
with the coal measures.

The lowest rock of all is a red MJRdstone. It has been ob­
lerved only towards the northern part of the chain, forming
the fundamental rock beneath the western escarpment· of the
Cr088fell range. It may be observed likewise near Ingle­
borough in Yorkshire. The mountain limestone occurs ex­
tensively towards the north of the chain, occupying the middle
region of the hills, especially on their western escarpment. A
zone of mountain limestone is here detached from the Penine
chain, and encircles the transition mountains of the Cumber­
land group. The opper part of the Penine hills consists
chiefly of a coarse sandstone, called by the English geologists
fIIill8ttme grit, mixed with shale.

Thus the uppermost part of these mountains consists of coal
measures, and the undermost of strata which lie immediately
under the coal beds. Now this Penine chain is in some mea­
sure environed by coal fields-at least they occur on the east,
west and sooth sides of it.

The first and most important of these is the great coal field
of Northumberland and Durham. It begins at the mouth of
the Tweed. Indeed, the coal measures may be traced on the
sea shore about half a mile beyond Berwick on the north. A
amall portion of them is again e%pOled at Leonel braes on the

II. M
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north bank of the Tweed, about two miles east of CoJdstream..
Various coal pits exist near Tweedmouth, and extendiDg a
few miles to the south. There then occurs an interval of
more than twenty miles, in which no coal has been found.
This important deposit makes its appearance again. at the
Coquet river and extends almost to the Tees, constituting a
length of about fifty-eight miles, with a breadth of about
twenty-four. The lowest part of this coal basin is a line
drawn north and south through Jarrow, a colliery about five
miles from the mouth of the Tyne. The coal measures on
both sides of this ideal line dip towards it, and of course
crop out 88 we proceed east or west. Those on the east, if
they ever existed, have been destroyed by the sea, except
those which still exist beneath its surface.

The beds belonging to the Newcastle field are eighty-two
in number. Twenty-five of these are beds of coal, the re­
maining fifty-seven consist of alternating beds of sandstone
and slate clay. Many of the coal beds are too thin to be
worked. The two most important of them have received the
names of the lliuh main and the low main j the former is six
feet thick, and the latter six feet three inches. The high
main is seventy-five fathoms below the surface, the low main
is about sixty fathoms under the high main. Between these
two beds occur eight strata of coal, one of which is four feet
aod another three feet thick. The others are insignificant.

The quantity of coal raised annually in this field is im­
mense. It supplies London and the whole south and east
coasts of Great Britain, from the north of Scotland to Devon­
shire. From the county of Durham alone 1~ millions of
chaldrons are shipped annually. Certainly the whole quan­
tity annually exported greatly exceeds two millions of chal­
drons or three millions of tons; yet such is the quantity of
coal in the district, that at the present rate of consumption it
is calculated that it will last for a thousand years to come.

The beds of millstone grit, shale and C1·aw coal (as it is
called), lying under the Newcastle beds, amount to 152. Of
these, ten beds are coal, most of them thin, and all inferior in
value to the Newcastle coal.

There are a few detached coal fields in the north of York­
sbire. They are of limited extent, and the coal is seldom
more tban twenty inches thick. These little basins are pro­
vincially called swilley,. They seldom exceed a mile or a
mile and a balf in length, and none of them has been worked.
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Bot at the lOuthern extremity of Yorkshire, and e%tending
into Nottingham and Derbyshire, there is situated a great
coal field, scarcely inferior in importance to that of Newcastle
itself. It occupies an area nearly triangular, but with a trun­
cated apex; the base, or broadest part, being at the northern
extremity, and the apex, or narrowest part, at the southern.
Its greatest length, from Leeds to Nottingham, rather exceeds
sixty miles; while its greatest breadtb, from east to west, is
about twenty-two miles.

The position and dip of the beds is the same 88 that of the
Newcastle coal field. The beds crop out to the west and dip
to the east. The strata of coal amount to thirty, varying in
thicknea from six inches to eleven feet. The whole thick­
ness of coal is stated by Mr. Bakewell as amounting to
seventy-eight feet. The beds of slate clay and shale are
numerous; those of sandstone amount to twenty, and some of
them are very. thick. The lowest of these beds is termed
millstone grit, and below it no workable coal is found.

This field is traversed and dislocated by an immense fault,
proceeding from near the termination of the magnesian lime­
stone range on the south northwards in a zigzag directioD, on
the western side of that limestone, quite into Yorkshire.
Respecting the size and contents of this fault we have no
accurate information; but the beds of coal on the west side of
it are so dislocated, tbat it is difficult to connect them with the
intervening strata, so 88 to form an accurate conception of
their number and relative position with respect to each other.
The best account of this coal field that I have seen will be
found in Mr. Farey's Mineral Survey ofDerby,hire.

To the west of this great coal formation in North Stafford­
shire there are two detached coal fields, namely, that of Cheadle
and that of Newcastle-under-Line where the potteries are
situated.

The Cheadle coal field appears to consist of an insulated
basiD, reposing, according to Mr. Farey, upon millstone grit.

The Pottery coal field occupies a triangular area, the two
sides of which are each about ten miles in length, and the
base, in the middle of which Newcastle-under-Line is situ­
ated, about seven miles long. From the two sides the beds
dip towards the centre of the area. The lowest bed is mill­
stone grit, which seems to rest on mountain limestone.

The Manchester or South Lancashire field begins in the
north-western parts. of Derbyshire, and ranges tnenee ta t\\~
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lOath-w.tern parts of uncuhire j forming a kind of creecent
with Manchester nearly in the centre. The distance betweeD
the extremities of this crescent is about forty miles. Gene­
rally speaking, the beds crop out towards the soutll, where
th.y may be seen lying over the millstone grit. But great
dilturbances interrupt the regularity of this disposition. Is
the first place, what may be called the louth-eastern hom of
the etteseent, forming the portion of the coal field which Dee
within Derbysbire and Chesbire, bifurcates at the viUage of
Dialey in the latter county, being divided into two branches
by an intermediate ridge or saddle of millstone grit. The
..tern branch forms a trough of which the strata crop oat oa
both sides agaiost the millstone grit. This has ~n called
the Goyle trough, from a small river of that name which I'UDI

throuKh it. The extent of it is about fifteen miles from n..
ley to near Mearbrook in Staffordshire.

The western branch of the bifurcation is not 80 regulat;
owing to numerous fau/,t,8 wbich have altered its position.
TheBe eoa) beds contain more than fifty seams of coal in a few
handred yards' sinking.

Respecting the northern and far more important part of
this coal field, which occupies a considerable portion of th.
southern division of Lancashire, I am not aware that any
accurate details have been given to the public.

Tbere is anotber coal field of small extent in tbe north of
uDcashire, situated balf way between Lancaster and Ingleton.
It seems to form a small insulated basin reposing OD, and
I1lrrounded by, millstone grit.

The last coal field connected with the Penine Alps that re­
quires to be mentioned is that of Whitehaven. It lies on the
sea sbore, and extends from the promontory of St. Bee&,
where a good section of the coal beds and the 8uperincumbent
rocks may be seen, about twenty miles north. l'he number
of beds cut through in tltis field is 117. Of these, seventeen
are coal. The rest are sandstone, slate clay and ironstone.
The greatest depth of the mines is 110 fathoms.

If we reckon the millstone grit and the mountain limestone
.. constituting a portion of the coal field, then we may say
that a great coal formation extends without interruption from.
Berwick to Nottingham, from Nottingham to Liverpool, to
the Solway Firtb, and frOID that to Berwick, constitutiog a
leup of aboot GOO miles, and a breadth of about 90 miles.
Bllt u a great portion of this tract conlistl of millstone grit
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containing very little ·coal, and of mountain lim88tone COIltaiD­

ing none at all, it leemed better to notice the diferent ooal
fields separately.

The coal fields in the central districts of England come now
to be noticed. Though of no great extent they are important
OD account of the manufacturing population which they 8upply
,,·ith fuel. This part of England consists of new red sand­
stone, through which detached coal beds rise in differeDt
places like 10 many oases.

'l'he first of these is the Ashby-de-la-Zouch coal field,
which occupies an irregular area of 10 mile. by 8, having the
town of Ashby-de-la-Zouch nearl}' in its centre. It exteDda
nearly to the transition country of Charnwood forest in LeiceI­
te18hire. The deepest coal pit in this district is 123 fathoms.
Six beds of coal are known, the lowest of which has a thick­
neg of from 15 to 21 feet.

This coal field is flanked on the north-west by a line of
detached mountain limestone of a remarkable character. This
limestone contains magnesia, but is known to be mountain
limestone by the fossils found in it. There are eight of these
detached limestoDe points, each oecupying but a few acres in
extent, surrounded, and as it were, insulated by overlying
mB88es of new red sandstone.

The second central English coal field is in Warwickshire.
It extends from Tamworth, in Staffordshire, to about 3 miles
east from Coventry, a length of about 16 miles. Its average
breadth is about 3 miles. rrhe beds crop out to the east north­
east, the inclination becoming more and more rapid towardl
the eastern edge of the field, where it in several places exceeds
an angle of 45° with the horizon. On the west side it de­
creases to one foot in five. The lowest bed exposed is mill.
stone grit. The principal works are Dear the southern extre-.
mity of the field, at Griff and Bedworth. At Griff four bedl
of coal are worked j the depth of the first bed is 117 yards,
and the priocipalleam is 9 feet in thickness. 1'he Bedworth
works are upon the same beds; but here the first and second
coal seams rUD together, and constitute one 15 feet thick.

The third central coal field is the one which supplies the
manufacturers of Birmingham and the immense iron workl
between Dudley and Wolverhampton, with fuel. In leng.d1
it extends about 20 miles, from DIar Stourbridge 00 the BOuth.
weet, over Cannoek chase to Beverton, near Badgels1 on the
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north-east. Its greatest breadth near Dudley, may be about
4 miles. Ita superficial area has been found by actual survey,
to equal 60 square miles. The northern portion from Can­
Dock chase to near Darlaston and Bilston, affords many coal
seams, of 8, 6, and 4 feet in thickness. The southern portion
extending thence to near Stourbridge, is about seven or eight
miles in length and four in breadth.

This field lies over transition limestone, no red sandstone,
mountain limestone, or millstone grit, intervening between.
the coal beds and the transition rocks. The beds in this field
amount to sixty-five, all of which have been cut through CO a
depth of 940 feet. There are eleven beds of coal, but only
the one called main coal, 30 feet thick, and constituting the
sixth bed, is worked. It lies 315 feet below the surface.
The beds dip to the south and gradually crop out as we
advance north. Hence it happens, that in the north part of
this field the main coal is wanting, and those only are worked
which lie below it.

Having described the coal fields in the north, east, and
central parts of the island, let us attend to those in the wes­
tern parts of Great Britain. They are disposed round the
great transition district of North and South Wales, and may
be conveniently distributed into three sets :-1. The north­
western; 2. the western; and S. the south-western.

I. NortA-Weltem Coal Beds.
. Coal is wrought in a valley of the island of Anglesey,
which runs parallel to the Menai straits; but I have no infor­
mation respecting the extent or importance of this coal field.

The principal north-western coal formation is in Flintshire.
It begins at Llanossa, near the western cape of the estuary of
the Dee, and extends south to near Oswestry in Shropshire,
a length of about thirty miles, but the breadth is not great.
These coal measures repose upon mountain limestone, which
rises to day on the west side of the coal basin, and consitutes
a tract of some extent, skirting indeed (but with intervals)
almost the whole transition rocks of Wales. Over this lime­
stone lie beds of shale and sandstone, corresponding with the
Ihale and millstone grit of Derbyshire. The coal is of differ­
ent thickness, from three quarters to five yards. The beds
dip &om one yard in four to two in three. They sink below
the eltoary of the Dee, are discovered again on its opposite
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side on the south of the peninsula of Wiral in Cheshire, where
they finally sink below the new red sandstone. Possibly they
may continue under it to the Lancashire coal field.

2. WesWn Coal Bed,.
The western coal fields are three in number; namely, I.

1'hat in the plain of Shrewsbury; 2. Coalbrookdale coal field;
and 8. the coal fields of tbe Cleehills and Billingsley.

1. The plain of Shrewsbury is skirted by transition hills;
it is itself mostly covered with beds of new red sandstone,
through which are scattered many small patches of coal beds.
. 2. The Wrekin, a very conspicuous hill in Shropshire, is
composed of trap. Jt constitutes one of a series of low hills that
run on the east side of the plain of Shrewsbury. A few miles
to the eastward of this chain, lies the important coal field of
Coalbrookdale. This field is about six miles long, from
Wambridge to Coalport, on the Severn. Its greatest breadth
is about two miles.

The coal measures rise west north-west, at an angle of
about 6°. On the eastern side, to which they dip, they are
succeeded by the great new red sandstone dhltrict. The
beds are those which usually belong to the coal measures.
Those which have been cut through are 86 in number. The
deepest coal pit, namely, 729 feet, is at Madely. The sand­
stones, which make part of the thirty uppermost strata, are
fine-grained, very micaceous, and often contain thin plates or
minute fragments of coal. The S1st and 32d strata are coarse
sandstones, entirely penetrated by petroleum. The thickness
of both together amounts to 15~ feet, and they furnish the
supply of petroleum that issues from the tar spring at Coal­
port. At the depth of 430 feet, occurs the first very coarse
sandstone or grit. Its thickness is about 15 feet. The next
bed of sandstone deserving notice, is at the depth of 576 feet.
It is about 18 feet thick, fine-grained, and very hard, and is
often mixed with a little petroleum. The colliers call it big
flint. The lowest sandstone, called little flint, is the 85th bed,
and is about 15 feet thick. The lowest portion of it is very
coarse and full of quartz pebbles. The upper P14rt is fine­
grained, and sometimes is rendered very dense and hard by
an intimate mixture of iron ore. It occurs at the depth of
705 feet.

One bed of clay porphyry occurs, 9 inches thick and 73
feet from the surface. It is an indurated clay of a liver-brown
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colour, with interm~ed grain. of quartz, homblende, aDd
felapar.

The clay beds are sometimes compact, dull, and IIDOOth;
they are then termed clod. Sometimes they are glossy, unc­
tuous, and slaty, when they are called cluncA. They contain
compressed balls of clay ironstone.

The beds of iron ore are five or six in number. They all
lie in the indurated clay, and consist of balls or broad 8U
JDII8es. Essentially they consist of carbonate of iron.

The slate clay, called by the miners lxusu, is of a bluish
black colour and slaty texture. It usually contains pyritel,
and is always either mixed with coal or combined with petro­
leum.

The first bed of coal occurs at the depth of 102 feet from
the surface. It is only 4 inches thick, and is very sulphureous.
Nine other beds of the same nature, but somewhat thicker,
lie between this and the depth of 396 feet. They are called
,tiding coal, and are employed only in the burning of lime.
The first bed of coal that is worked, is 5 feet thick, and occors
at the depth of 496 feet. Between this bed and the big ftillt,
are two beds of coal, one 10 iDches, the other 3 feet thick.
Between the big and the liltle flint, which are about 100 feet
apart, lie nine beds of coal of the aggregate thickness of about
16 feet. Beneath this, and constituting the lowest bed of the
whole formation, is a sulphureous 8 inch coal. Thus the
whole beds of coal amount to 23, but only two or three of
them are worth working.

8. A few miles Bouth from the Coalbrookdale coal field, Ii.
the hills of Brown Clee and Titterstone Clee. Upon theee
a number of small detached coal fields are distributed.

3. South-Western Coal Fields.

This division includes the three following important coal
fields :-1. The grand south Welsh basin j 2. the Forest of
Dean basin j and 3. the south Gloucester and Somerset basin.
All these coal fields are close related, not merely by positioD.
but by all resting on a common basis of old red sandstone and
by the general analogies of their structure throughout. Th.
strata Dear the edges of the basins are often highly inclined,
and are partially covered and concealed on the south-east side
of the great basin of South Wales, and throughout a great
portion ,of that of South Gloucester and Somerset, by horizon­
tal deposits of more recent format.ion..
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1. The great coal field of South Wain, extending from
Pontipool to St. Bride's bay, south of St. David's head on
the west, is situated io a large limestone basin. The lime­
stone crops out all round the coal, except where its coDtinuity
is interrupted by Swansea and Caermarthen bays. The deep­
est part of the basin is in the neighbourhood of Neath, which
is near its centre. And below Neath, or a little to the west
of it, the lowest strata of coal are nearly 700 fathoms lower
than the out crop of some of the inferior strata, in the more
hilly parts of the district. The bed of coal which is nearest
the surface, lies (near Neath) about 60 fathoms beneath it,
and rises to it about a mile north and south, and also a few
miles east and west of the deepest part of the basin. We
may imagine the inferior beds of coal rising to the surface all
rOdnd the out crop of the superior stratum. If a line be
drawn from Pontipool on the east, to St Bride's bay on the
west, it may be said that all the beds of coal on the north side
of that line crop out 00 the north of it; and 80 also those on

~ the south, except near Pontipool, where they rise towards the
east.

There are twelve beds of coal from S to 9 feet thick,
making together 70t feet; and eleven others, from 18 inches
to S feet, making 24i feet, amounting altogether to 95 feet of
workable coal, besides numerous others from 6 to 18 inches
thick. This coal field occupies about 100 square miles. It
contains 100,000 tons of workable coal per acre, or 64,000,000
of tons per square mile j or, altogether, the enormous quantity
of 6400,000,000 tons of coal. This at the rate 5,000,000 toos
per annum, (which is much more than the consumption in
the Newcastle coal field), would last little short of 1,500 years.

The coal on the north-western side of the basin is what is
termed stone coal, a kind of anthracite. The small of this,
called culm, is used by the iron smelters and for burning lime.

"fhe lower part of the coal series, 88 worked at Merthyr
'fydvil and the neighbourhood, is distinguished by the pre­
dominance of shale; the upper by the predominance of a
coarse grit of loose texture, abounding with specks of coaly
matter, and agreeing with the rock called pennant, in Somer­
setshire. These beds are often slaty, sometimes sufficiently
10 to be employed 88 tiles. A great thickne81 of them sepa­
rates the lower from what may be called the upper coal series,
and it is of this rock that the lummita of all \\\~ ~nu~\~

mountain. in the interior of the basin con&\st. ~\\e \o,;'~
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series contains numerous strata of coal and sixteen of iron.
stone. l'his ore exists both in continuous beds and in de­
tached nodules. It is principally found in the lower series,
and some of its most valuable beds occur beneath the lowest
coal. The beds alternating with the coal and ironstone in
the lower series consist almost exclusively of slate clay j be­
tween it and the limestone on which the coal formation rests,
millstone grit is often, but not always, interposed. The
upper coal series has not yet been accurately described.

The inclination of the strata is much more rapid on the
south edge of the basin than on the north; being often at
an angle of 450 or more, while that on the north is generally
under 10°.

On the western termination of the basin in St. Bride'. bay,
the strata exhibit the most extraordinary marks of confusion
and derangement, being vertical, and twisted into every possi­
ble form of contortion.

This coal field is trav,rsed by dyAea or faulU, generally in
a north and south direction, which throw all the strata from
50 to 100 fathoms up or down. They are usually filled with
clay, but Mr. Townsend mentions an enormous fault, many
fathoms thick, filled with fragments of the disrupted strata
\,'hich traverses the colliery of Lansamlet, near Swansea,
effecting a rise of 40 fathoms in the strata.

2. The coal basin in the forest of Dean occupies the whole
of the forest tract. It ranges round Colford as a centre, and
is about ten miles long from north north-east to south south­
west, and about six miles broad. All the beds dip uniformly
towards the centre of the basin. Exterior ridges of mountain
lime and old red sandstone enclose the coal measures and
doubtless pass under them.

The thickness of the coal measures is 500 fathoms, contain­
ing about 26 beds of coal.

3. The coal basin of Somersetshire and south Gloucester­
shire occupies an irregular area, of which the longest diame­
ter, from near Iron Acton, on the north, to Coalford at the
foot of the Mendip hills, on the south, is near 25 miles. The
shorter from the Newton collieries, near Bath, to those of
Bedminster, near Bristol, is about eleven miles. The course
of the river Avon nearly coincides with this diameter, dividing
the coal field into almost equal portions. At the north-east
and west the strata dip towards the centre of the basin; ·but
at Coleford, near Mella, on the lOuth, where tbey abut against
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die Mendip hills, the stratification is much deranged, becom­
ing vertical, and frequently thrown backwards and bent into
the form of the letter Z.

This coal basin is very interesting to the geologist, because
it is covered by some of the newer formations, which have
been penetrated and their unconformable position ascertained.
Thus the relation between the coal beds and the newer for­
mations has been determined. Several of the formations
below the coal are also exposed to view. The order of the
beds, beginning with the lowest, is as follows:
Greywacke, Mountain limestone,
Transition limestone, Coal measures.
Old red sandstone,

The formations above the coal measures, in the order of
theu position, are

New red sandstone,
Dolomitic conglomerate.·
Red sandstone.
Red marl.

Lias,
Oolite.

The Mendip hills, which bound this coal basin on the south,
are composed of mountain limestone.t

There is a small coal basin near Wells, as appears from
Smith's map, but I have met with no description of it.

Having finished the account of the coal measures in Great
Britain, let us DOW turn oor attention to Ireland.

Ireland may be considered as an island, nearly surrounded
by primary or transition mountains, including a great central
area filled with red sandstone, mountain limestone, and coal
measures. The Irish coal districts are four in number.

1. The Ulster coal district, in the north of Ireland, is small
in extent, being almost limited to the trap mountain of Fair­
head, under which it lies.

2. The Connaught coal district occupies an extensive trac~

in Leitrim, in the middle of which Loch Allen is situated.
3. The Leinster coal district is situated in the counties of

Kilkenny, Queen's and Carlow. It also extends a short way
into the county of Tipperary; namely, as far as KillenauI.
This is the principal coal tract in Ireland; it is divided into

• The substitute lor the magnesian limestone inthe north of England.
t For a Cull and instructive account of this important coal basin the

reader ia referred to the description of it by Buckland and Conybeare, in
the Memoir, oft"e Geological.Society (second aeries), i.
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three basins leparated from each other by mountain lim.toDe,
which not only surrounds but uDderlies the whole formatioDe

4. The Munster coal district occupies a considerable p0r­
tion of the counties of Limerick and Kerry, and a large part
of the county of Cork. It is the most extensive in Ireland,
though hitherto very little coal has been extracted from it.
According to Mr. Weaver much of tbese coal measure. are
in tbe transition formatiolls; a fact which, if confirmed, will
overturn many of the theoretic opinions entertained about the
state of the globe at the time when the coal beds were de­
posited. An accurate survey of this part of Ireland would be
a valuable present to the science of geology.

We may now take a cursory view of tbe coal tracts OD the
continent.

1. There occurs a small coal tract at Helsingburg, at the
Sound, not far from the southernmost point of Sweden. It
exteDds about thirteen miles along the sea coast, and ita
greatest breadth may be about nine miles. This tract con­
lists of the usual coal measures, sandstone, slate clayt sbale
and coal. There are t\\'O beds of coal, the uppermost is 1 foot
thick, the undermost 2j feet. The coal mine which W8I

worked at Hoganss in 1812, was 80 fatboms deep. It
was mined for some time unsuccessfully by a Swedish com­
pany. Some years ago l\fr. Bald was employed to survey it;
he found the sandstone of 80 spongy a nature that it was im­
possible to drain the mine. By his advice the workiDg& were
abandoned.

From the fossils found in these coal measures, and from the
description of the rocks of which they are composed, there
can be DO reasonable doubt that these coal deposits are situ­
ated in the lia" as is the case at Whitby and in Sutherland.·

Coal measures exist in the island of Bornholm, which is
situated in the Baltic, on the east side of Scania. From the
description of Hisinger and the fossils found in that part of
the island, it is obvious the coal measures here also lie in the
great oolitic formation.

2. Coal probably exists in considerable quaDtity in Spain,
though no attempts have been made to work it. Eight dif­
ferent localities in Catalonia, three in Arragon and one in
New Castile, are cited, where coal exists. But we know
nothing of either the extent or depth of these coal basins.

• See KiDr. Vet. Acad. Randt, \MD, l'- \(\Q.
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Since the absurd probibition of mining, which existed 10

long in Spain in favour of America was removed by the Cortes
in 1820, tbe inbabitants of the mining districts of that country
have been roused into uncommon activity, and several col­
lieries have been opened in different parts of the kingdom.
In the neighbourhood of Oviedo, in the Asturias, very rich
eoal mines are worked, chielly for the metallurgic establish­
ments of Andalusia. Another coal mine near the river Avilis,
and consequently more favourably situated for exportation,
has been more lately opened. And the small coal field of
Villa-Nueva-del-Rio, eight leagues above Seville, supplies
fuel to the steam-boats which ply between Seville and Cadiz.-

3. France possesses many considerable coal tracts, and has
of late years been fully aware of their importance. Great
_doity bas been displayed in endeavouring to apply these
mineral riches to the smelting of iron. But a circumstance,
apparently trilling in itself, has hitherto prevented tbe FreDch
iron works from thriving. In }'rance the coal and the iron
ore do not occur together, as tlley do in Britain.t Hence
they are obliged, at a great expeose, either to carry the ore
to the coal,or the coal to the ore.

There occurs a small coal field at Litry, on the south-west of
Bayeux, in the western part of Normandy, just where the tran­
lilion tract of the Cotentin terminates. This tract, in point of
litoation, is analogous to that of the sooth-western coal fields
of England. The coal metals repose immediately on transition
formation, but in an uDconformable position. Somewbat far­
ther south between Angiers and Nantes, where the Loire
forces its way through the transitiol) chain to the sea, another
more extensive, though not large, coal field occurs.

In the centre and south of France several coal tracts occur
in the valleys interspersed through that extensive primary
country. These occupy chielly the valleys of the Loire, the
Allier, the Creuse, the Dordogne, the Aveyron and the Ar­
decbe, between ridges proceeding from the primitive centre
group, connected with the Cevenne; and also on the south·
east, between the Cevenne and the Rhone. In these places
the coal beds repose immediately on the primary formatioDs.

In the north-east of France, and in Belgium, a very cooli·

• Ann. del Mines (third series), 't'. 184.
t The Newcastle coal beda constitute an exception. No iron.tone it

found in them. Hence the reuon of the .mall number of iroo worb
.tabliJbed in that great coal couDll1.
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derable coal tract exists. I t extends from Hardingheu, near
Boulogne, in nearly an eastern direction, 81 far 81 Eechweiler,
beyond Aix-la-Chapelle, a length of about 200 miles. Indeed,
several of tbe coal districts in tbe north of Germany may be
considered 88 prolongations of it.

This coal field is covered by the green sand formation, aud
lies immediately on the transition formation, and is 8202 feet
below the level of the sea.·

On the east and north, the great deposits of chalk, and the
strata above the chalk, skirt and partially overlie this tract.
On the south, it is bounded by the transition ridges which
occupy the forest of Ardennes, overhang the magnificent defile
of the Rhine, from Bergen to Bonn, and thence e%tend to
the Westerwald. This tract does not consist of a single coal
field, but of many isolated and basin-shaped deposits of coal
measures, encircled by mountain limestone, and old red IBDd­
stone. I t bears a striking resemblance to the coal districts in
the south-west of England.

The most westerly point of this great chain of coal basins
is at Hardinghen, in the great denudation exposing the beds
below the chalk, which comprises the Boulonnais on the
French side of the channel, and the Weald of Kent aDd
Sussex on the English side. The coal mines and qnanies of
mountain limestone, wbich occur at Marguise, are situated at
the very foot of the escarpment of the surrounding chain of
chalk hills. For the outcrop of all the intermediate formations
crosses this part of the denudation to the south, and, as it were,
withdraws to expose the coal. Indeed, to the west the coal is
worked at several places within the general limits of the over­
lying chalk formation.

The environs of Aniche, near Douay, and of MODChy
Ie preux, near Arras, present deposits of this nature. The
mines surrounding Valenciennes are still more extensive. In
the neighbourhood of Mons, Charleroy, and Namur, in a tract
surrounding Liege, and close to Eschweiler, on the east of
Ai3-1a-Chapelle, very considerable coal fields are worked.

To the east of this place, the more recent formations intrude
upon and conceal the coal, till you cross the Rhine a little to
the north of Bonn. Then these newer formations again recede
to the north, and an extensive coal field occurs along the small
river Ruhr, a little above its junction with the Rhine. On

• Brongniart, Tableau des Terrains, &c., p. 276.
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the lOuth, the beds of this coal field describe the segment of a
circle, cropping out against alternations of limestone, shale,
and old red sandstone, which separate them from the regular
transition slate. On the north they are bounded by the over­
lying and more recent deposits.

Somewhat to the north of this district of transition rocks,
coal fields again occur between the Rhine and the Moselle,
in the northern parts of Lorrain; first between Sarrebruck and
Sarrelouis, on the river Sarre; and, secondly, near Waldmohr,
on the banks of the Glane. Rut I have never met with a
good description of these coal fields. From Keferstein's
account, the beds are extremely contorted and dislocated.
Masses of unstratified trap rocks are interposed among the coal
measures. Agates abound in the amygdaloid. Quicksilver
occurs both in the porpbyritic coaglomerate, and in the coal
sandstone.

Coal also occurs on the west side of the Vosges mountains,
which form the limit between Alsace and Lorrain.

4. In the lOuth-west and south of Hanover, there occurs an
extensive coal district, between Osnabruch and Hildesheim.
It is probably a continuation of the great coal tract in tile
Netherlands.

There is an extensive coal tract on the east side of the
Hartz mountains, which has been described by Keferstein.
The coal measures immediately succeed the slate mountains
of the Hartz; near the east end of which they present them­
selves in three placeR; 1. The Opperode district; 2. The
llefield district; 3. The Petersbirge district. The two first
lie immediately on the slate, and form a portion of the Hartz
chain. The third constitutes an insulated district in the Suale
Kriese. The coal measures present the usual alternations of
shale, sandstone, and some limestone beds, containing marine
fossils. Three beds of coal are sometimes found. A good
deal of porphyry occurs in the Defield and Petersbirge dis­
tricts. Its relation to the coal beds has not been well made
out. From Humboldt's account, it does not seem to form
true beds; but to have been introduced in the same way as
the trap rocks into our coal fields.

There occurs a small coal field between Dresden and Frei­
berg, near the Weisseritz river, which, from the nature of
the countl1", would seem to rest on primary rocks, as is the
case in France. But tbe principal Saxon coal district lies along
the course of the Zwickau, between Leipsic and the Erzge-
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birge. In this district, porphyry prevails; and it would seem
in lome places to be 8880ciated with, and to alternate witla,
the coal beds. Coal occurs near Zwickau at Schonfeld, aDd
at Planenschen grund near Dresden. This district is IUP­

posed to bave a subterranean connexion with Petersbirge
district, in the Hartz.

Coal occurs in two ditrerent parts of Bohemia, at Pilsen aDd
Waldenburg.

There is an extensive coal district in upper Silesia,' inclad­
iDg the following towns :-Pless, Freystadt, Troppao, Jagem­
dorf, Kosel. It lies partly in Silesia, and partly in Poland.
In the former country, it exhibits coal only; in the latter, coal
and porphyry. The coal beds repose immediately upon the
slate mountains of the Sudetergebirge. The strata are ele­
vated on approaching that chain, but become more horizontal
88 they recede from it. The coal measures are covered by the
porphyry, which in its tum supports the alpine or magnesian
limestone. The coal measures pass by such gradual transition
into the greywacke, on which they repose, that, according to
Keferstein, it is difficult to ascertain the exact demarcation
between them. Hence the position of this coal seems to be
similar to that in the south-west of Ireland. The usual strata
of the coal measures present grits, or coarse sandstones of
various textures; millstone grit, shale, with Dooules of clay
ironstone, and mountain limestone. There are numeroos beds
of coal, and some of them of considerable thickness.

5. 1'here is a coal district at Balligorod and Rosocky, near
Sanok, in Austrian Poland, upon the north side of the Car­
pathian mountains.

6. Another coal tract is said to occur in Hungary, at
Funfkirchen, on the borders of Sclavonia. The order of beds,
beginning at the surface, is as follows:-

I. Red porphyry, 6. Carbonaceous grit,
2. Red grit, 7. Shale and fetid limestone,
3. Greenstone, 8. Slaty coal grit,
4. Several varieties of grit, 9. Coarse coal grit,
5. Coal, 10. Black limestone.
The uppermost of these beds evidently belong to the new

!ed sandstone, which lies immediately over the coal measures.
7. In Russia, an extensive coal tract occurs at Toula, to

the south of Moscow, where the great Russian iron works are
.tablished. About the year 1816, the Emperor AlemDder
gave a large salary to a gentleman from Whitehaven, a prac-
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tical coal mining engineer, to superintend the working of this
coal. The coal was worked successfully for some years; but
at last suddenly abandoned, because it was found that the
Russians could not be prevailed upon to purchase this coal,
after it had been dug up.

8. Coal is said also to occur in the Crimea, and near the
Uralian mountains, not far from the source of the Chusova.

9. There can be little doubt from the abundance of naphtha
and petroleum in various parts of Turkey and Persia, that
coal tracts of considerable extent exist in these countries j

though no attempts have been made by the inhabitants to avail
themselves of the mineral riches which their country is capa­
ble of fumishing.

10. There is a coal tract upon the Ganges, in Bengal,
about two hundred miles above Calcutta. This coal is worked
and supplies the manufactories in Calcutta with fuel. No
description of these coal measures, so far as I know, has been
published.

1I. Coal has also been discovered in the district of Cutch,
to the north of Bombay.

12. On the east coast of New Holland, about fifty miles
north of Port Jackson, there is a coal field, the strata of which
are laid open by the section of the cliffs at the sea shore.
This coal has been worked for some time, and was carried to
Calcutta till superseded by the discovery of coal on the banks
of the Ganges. It supplies all our settlements in Australia
with fuel. The bed of coal worked is about 40 inches in
thickness, and is about 100 feet below the surface of the earth.
It has been suspected, from the fossils found in these coal
measures, that they belong rather to the lias than the inde­
pendent coal formation; but the" coal measures are traversed
by trap dykes, in the same way as our own fields.

If we now turn our attention to the continent of America,
we shall find that the inhabitants of the new world have been
furnished with large quantities of this subterraneous. fuel,
which, in future ages, after the country lias been fully peopled
and stript of its superfiuous timber, will be found of immense
importance.

13. A remarkable coal district occurs in Pennsylvania, and
extends about a hundred miles north by east, running parallel
to the Blue Mountains, which traverse that country from the
Susquehanna to tIle Lehigh mine, then bending north and

JI. N
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afterwards Dorth-eut. The tract of country in which it
occurs is transition; but the coal me&l11res, from the descrip­
tion of them by Mr. Cist, appear to be similar to those which
occur in this country. The American coal is an anthracite,
which burns without smoke and with little flame. It is used
in America for a great variety of purposes. The annual COD­

sumption in 1821 was 2000 tons. There are two bed. of
coal: the uppermost varies in thickness from 12 to 18
feet, the lowest is 14: feet thick; the other beds are sand­
stone, alate clay and shale. The vegetable imprel8ions are
numerous, and, 81 far as can be judged from the imperfect
account of Mr. Cist, they resemble those which occur iD oar
own coal beds. All these vegetable impressioDs are in the
alate clay above the coal; very few, if any, fossils have been
observed under the coal.

14. A coal field occurs in the county of Chesterfield, in
Virginia, jest on the south side of James' river, and about a
hundred miles west from the Atlantic Ocean. From Mr.
Grammer's account of these mines- the country appears to be
primitive, and the coal metals are considered 88 deposited
directly over the granite, though the contact of the two has
not been observed. Only one bed of coal has been worked
the thickness of which varies from thirty to fifty feet. The
coal is similar to our own slate coal. This bed has been burn­
ing for a great many years. The combustion goes OD very
slowly. Various attempts have been made to put out the fire
by letting water into the pit, but they have not been attended
with success. Advantage has been taken of this combustion
to ventilate the mines; a level has been cut to an old aban-,.
doned pit in the vicinity of the burning part of the bed; a
door is put on this adit; when the miners begin to be incom­
moded with foul air this door is opened, a rapid motion of the
air immediately takes place towards the burning part of the
bed, which cleans the pit of foul air.

ID. In Nova Scotia, not far from the upper extremity of
the bay of Fundy, and particularly round what is called MifIU
btuin, coal fields have been discovered in fourteen different
places. The most extensive coal tract is in the district of
Pictou, near Northumberland straits, which separate Nova
Scotia from the island of St. John, near a place called New

• Silliman'. Jour. vol. i.
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GI~agoW'. Six or eight shafts have been sunk by Mr. Carr
and excellent coal found, which is now exported in consider­
able quantities to the United States.

From the Geological Account of Nova Scotia, published in
the Memoirs of tile American Academy, by Messrs. Jackson
and Alger, it appears that the country in which these coal
metals occur is granite. No accurate description is given;
but from the map, which they have published, it would ap­
pear that the basins filled by the coal beds are hollows in the
granite. The granite is succeeded in that country by a clay
slate, to which Messrs. Jackson and Alger (it does not appear
for what reason) have given the name of traft8ititm slate.·

16. But the great coal country of North America is the
immense basin of the Missouri, in~erposed between the Rocky
Mountains on the west and the Alleghany mountains on the
east, constituting a prodigious tract of fertile country not less
than 1500 miles square. Mr. Maclure conjectures that the
whole of this region was once a lake or inland ses, which was
drained by the river St. Lawrence forcing its way to the
Atlantic Ocean on the east and the Mississippi on the south.
Immense tracts of coal occur in this basin, some of whicb, it
is said, have been already worked; but they cannot come
into general use till the country be sufficiently peopled and
denuded of wood, to occasion a .demand for that kind of
fuel There cannot be a doubt that this vast and fertile basin,
80 richly furnished with fuel and with soil, is destined one day
to become one of the most powerful and flourishing countries
in the world.

17. We know very little about the coal formations in South
America, though it is well undentood tbat various such exist.
Humboldt mentions a coal field on the table land of Sta. Fe de
Bagota, at the height nearly of 8,700 feet above the level of
the sea. He informs us that coal beds exist a180 in the high
Cordilleras of Hoarocheri and of Contu. It is even said that

• According to these gentlemen, a Geological Account, by whom, or
Nova Scotia hu been inserted in the Memoir, of tAe American Academ!l,
for 1832, this country is composed chiefly of transition slate. The country
contigoous to the lea ia alluvial, except at Halifo, where the clay slate
rocks come to the shore. Behind the alluvial deposits iI a broad ZODe
of transition slate, exteDdiDg from near Cape Breton to S1. Mary's bay
on the west. A narrow zone along the AnDapolis river is quartz rock i

tbil is succeeded by a DarroW zone or red BaDdatooe, dipplDg under the trap
rocks \\'hich BUITOUDd the.bay of FUDdy.
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they occur near Huanuco, mixed with magnesian limestone,
very near the limit of perpetual snow, or at the height' of
14,700 feet above the level of tlle sea. There are numerOU8
coal tracts in New ~Iexico. in the central parts of the saline
plains of Moqui and Nabajoa, and likewise near the sources
of tbe Rio Sabina.

From the preceding history of the coal formations in
different parts of the world, imperfect as it is, we see that
the coal measures are sometimes mixed with the lias beds,

I sometimes with the magnesian limestone; sometimes they re­
pose on millstone grit, sometimes on mountain limestone,
sometimes on old red sandstone or greywacke, sometimes
upon clay slate and sometimes upon granite. The ~al in
the liaB is doubtless of a posterior date to that which lies be­
low the magnesian limestone. But the era of the magnesian
limestone and of tIle coal measures, though posterior, is no~

perllaps, very different. The reason of the difference of the
position of the other coal beds, with respect to the lower
strata, must be the occasional absence of certain beds.

CH.~P. XIII.

(~REYWACK.E AND OLD RED SANDSTONE FORMATION.

The term transition was applied by Werner to certain
rocks, because he was of opinion that they were deposited
when the earth was passing from an uninhabited to an in­
habited state. The evidence of this opinion was, that they
contained the fossil remains of vegetables and animals, while
no such remains occur in any of the rocks situated below them.
Werner affirmed that the fossil remains in the transition rocks
belong exclusively to the lowest classes, both of 'tile .vegeta~le
and animal kingdom. It is now known that these opinions
were ill-founded; it can be proved that the earth was inhabited,
at least, by fishes and plants before the transition rocks were
deposited; and surely it would be too much to affirm that
fishes and filices and equiseta belong to the very lowest classes
of animals and vegetables.
. The only one of the transition rocks of Werner whicb seems

capable of coming under a general arrangement is tIle one
,,"bich he distinguished by the name of gre,wacAe. This rock
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alternates very frequently with a clay slate, which, on that
account, has received the name of transition or greywacke slate,
though it is impossible, in many cases, except from position,
to distinguish between primary and transition clay slate. Large
masses of limestone occur in the greywacke, or interposed
transition slate. This limestone frequently constitutes whole
mountains; from its situation it is known by the name of
transition limestone. The greywacke is a sandstone the frag­
ments of \\phich are cemented together by clay slate; but
sometimes it puts on the appearance of a conglomerate, and
not unfrequently the grains become so fine that it assumes the
form of a sandstone. Its colour ill that case being usually red
(though sometimes p.urple), it has been distinguished by the
name of old Ted sandstone. As this sandstone cannot be dis­
tinguished from new red sandstone or coal sa,uutone, except by
position, these three sandstones have frequently been mistaken
for each other; this l1as introduced considerable confusion into
the subject, which can only be cleared up by a greater atten­
tion to tile position of the rocks submitted to description, or
by attending carefully to their fossils, when they. contain any.

The term greywacke (in German grau wacAe,) was given
by the Saxon miners to a rock near Freyberg, remarkable for
the many metnlliferous veins which. it contains. It is a sand­
stone, composed of fragments of quartz, felspar, l)'dian stone
and clay slate, often exceedingly hard, or much more siliceous
than common. Or we may define it a siliceous clay slate
containing numerous fragments of quartz, felspar, l}'dian stone
and clay slate. The imbedded masses vary in size, but seldom
exceed a few inches. When they are very small the sand­
stone appearance of the rock vanishes, it assumes a slaty struc­
ture and is then known by the name of greywacke slate or
transition slate. Greywacke is termed by the French iTaN­

mate and psammite.
Greywacke, like other sandstones, is stratified, and the stra­

tification can be still better seen by its alternating with clay
slate. Now, the remarkable circumstance is, that these beds
(so far as I have seen) are never horizontal, but almost always
very nearly perpendicular. It is clear from this that they
have been exposed to 80me violent action since their original
deposition, and this is partly accounted for by the fact that
they are always, or at least generally, more or less mixed
with trap rocks, to which, doubtless, they owe their position.

There is a range of transition mountains in Scotland which
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begins at St. Abb's Head, the southern termination of the Frith
of Forth, and extendl with little interruption till it terminates
in the Irish sea, on the north side of Loch Ryan in Galloway.
This range extends in length about one hundred and twenty
miles, and includes the mountains of Galloway, Dumfries, Lan­
Irk, Peebles, Mid Lothian, and Berwick. The highest part of
the tract is near Moffat, where Hartfell rises to the height of
3300 feet above the level of the sea. Lowther, near Lead­
hills, which is in the same range, is 3130 feet high. This
mountainous tract is composed of transition rocks; but from
the abundance of greenstone found in it, the whole bas been
thrown into such inextricable confusion, that it would be a
difficult task to determine the relative position of each rock.
The kind of rocks found in the range, 80 far as I have
observed, are greenstone, clay stone, porphyry, greywacke,
clay slate, alum slate, and sandstone. The sandstone CODSti­

tutes the principal part of some of the Pentlands west from
Edinburgh, and I think it probable, from the situation, that
this sandstone belongs to the coal beds, though this is merely
a conjecture.

About five miles south of Edinburgh, in the Pentland&,
which constitute a part of this chain, there occurs a romantic
valley, and Mr. Playfair, who used to visit it occasionally,
distinguished it by the name of the r alley of tile Pent/tJ"d••
It was formerly a favourite resort of the inhabitants of Edin­
burgh during the summer months, being marked by tradition
88 the Habby's Howe, which constitutes the site of Allan Ram­
ay's Gentle SAepAerd. The lower part of this valley is com­
posed of alternate strata of greywacke and clay slate. The
loil has been removed on the north side, and the rock laid

, bare, by the action of a rivulet for about 100 yards. The
beds are in general thin, sometimes only a few inches. These
beds are standing almost perpendicular to the horizon. I
have observed the same beds in nearly the same position to
the east of Soutra Hill, one of the Lammermuir chain, which
terminates at St. Abb's Head, and indeed in various other
spots of the hilly part of Berwickshire. Indeed, if we tra~

verse the country from the Tweed to the Lammermuirs, we
will find the red sandstone, which at the Tweed distinctly
covers the coal measures, gradually and insensibly passing into
greywacke. The same greywacke rocks are visible at Moffat,
where they have been used 88 a building stone; but I had not
an opportunity of determining the relative position of the beds.
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Good sections of greywacke may be alsO Been in the moun­
tains north from Loch Ryan. The road from Glasgow to
Port Patrick crOlSe8 .these mountains. It is steep and incon­
venient for the traveller, but admirably contrived to furnish
the geologist with sections of transition rocks. The hill behind
General Wallace's house, at Carn, is composed of clay slate,
and this slate alternating with greywacke, may be traced for
leveral miles north, till the mountainous country suddenly
terminates a little to the south of Girvan.

The greywacke slate which lies over the granite and gneiss
district at Loch Ken, in Galloway, is probably a continuation
of, or at least connected with the great transition tract jOlt
mentioned.

There is allother extensive transition series of rocka in
Cumberland, which have been gradually investigated by
Otley, Phillips, and Professor Sedgwick. It constitutes the
country round the lakes, so frequently visited on account of
the romantic nature of the scenery.

The undermost portion of this tract consists of primary
rocks. l~he lowest bed of all is granite. Skiddaw, and the
neighbouring region, consist of gneiss and hornblende slate,
over which lies a formation of clay slate which is considered to
be transition slate. Over this lies an enormous formation of
green slate, intimately associated with a porphyry very simi.
lar to that which constitutes the summit of Ben Nevis.

Next comes the greywacke system of rocks, containing
calcareous beds with organic remains. Towards the south
side of a line drawn from Skiddaw to Egremont, there is a
group of mountains composed almost entirely of diallage rock.
It is in precisely the same position with the rocks of the
district as a similar rock in the peninsula of the Lizard,
Cornwall.

The greatest part of North Wales consists of transition
beds. These beds consist chiefly of three aorts of rocks:
1. An extensive porphyry district. 2. Clay slate, exceedingly
abundant, and often capable of being split into very thin roof­
ing slates. The greatest part of England is supplied with
alate from Wales, which forms a lighter roof, but not 80 dura­
ble 88 the Scottiah slate. 3. Greywacke containing in its
upper part organic remains, and gradually passing into slate.

There is a variety of slate at Snowdon, seemingly approach­
ing very closely to the slate in the Cotentio, which BroDg­
niart bas distinguished by the name of ItealAiIt.
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In the neighbourhood of Plymouth, alternations of clay
slate occur with limestone containing conchiferous and coral.
line fossils, and therefore considered as transition limestone.
The clay slate possesses all the characters of primary slate,
except that it alternates with the transition limestone. No
greywacke rocks can be discovered in the neighbourhood of
Plymouth. But a little to the east of Truro, there was, about
twenty years ago, a greywacke quarry near the road, the
stone from which was employed in mending the roads. The
clay slate, unchanged in its characters, continues to form the
fundamental rock of Cornwall through the greater part of the
county. In the peninsula of the Lizard it is interrupted by
a deposit of greenstone, connected with which is a formation
of diallage rock and serpentine, all of which, have doubtless
been forced up from below. The granite rocks which rUD
from the Landsend to Dartmoor, with certain interruptions
on the surface, though probably united below, are most likely
to be referred to a similar cause.

The Plymouth limestone rises into low hills near the sea­
shore, and was employed in constructing the breakwater. It
is a variegated compact limestone with a splintery fracture,
most commonly reddish or blackish, and capable of taking a
good polish, and is a variety of what is well known under the
name of Devonshire marble. Shells and corallines are by no
means uncommon in this limestone.

There is a conglomerate rock which occurs at Oban in
Argyleshire, which has so many relations to greywacke,
though I was unable to find in it any fossil remains, that I
think its formation must be referred to the same period. The
fundamental rock of the country is primary clay slate, over
which the conglomerate lies in an unconformable position. It
must therefore have been deposited and solidified after the clay
slate and after the deposition of all the primary rocks in that
country; because it is composed of fragments of these rocks.

l~his conglomerate makes its appearance about five miles to
the north of Ohan, constituting a range of low hills that run
east and west a little to the north of the Connal Ferry over
Loch Crerar. The little bill called Berigonium, considered
as a vitrified fort, and fabled to have been the capital of
Caledonia, is composed of this conglomerate. The low islands
at the mouth of Loch Crerar consist of the same conglomerate.
They serve to connect these hills with the one on which
Dunstaffnage Castle is built, which is also composed of con-
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glomerate. The rock continues along the sea shore to Donolly
Castle, which is likewise built on a conglomerate rock, so steep
on all sides but one, that Donolly must have been a place of
great strength in olden times. About a furlong north of
DODolly the upper part of the cliff retires back a good way
from the sea, leaving a space Dot unlike the undercliff in the
Isle of Wight. The rocks on the beach are still conglomerate
above, but below they assume the form of a hard, purplish,
slaty sandstone, intermixed with water-worn pebbles. This
sandstone is stratified, the beds varying in thickness from an
inch to some feet. It dips east below the conglomerate at a
small angle, the dip not exceeding 1 foot in 24.

In like manner at Oban, where there is a beautiful bay
constituting the harbour, the conglomerate rocks retire back­
wards, and form the high bank which protects the village on
the east. 'fhis part of the rock is covered with grass, except
at the south end, where a fine section presents itself to the
view of the geologist.

The conglomerate continues along the sea shore to the ferry
of Kerrera, about a mile and a half distant, where its continuity
is interrupted by a broad basalt dyke. It may be followed
four miles farther south, \\1here it may be seen lying over the
clay slate beds. ,How much farther south it proceeds I do not
know, the encroachments of the sea rendering it inconvenient
to proceed farther except in a boat.

The same conglomerate makes its appearance in the Island
of Kerrera, situated to the west of Oban, about half a mile or
three quarters of a mile from the main land, and thereby con­
stituting a secure and spacious natural harbour., We can trace
the rock from the north end of the island to the ferry, which
is nearly half way between its two extremities. The south
end of the island consists cbiefty of clay slate.

How far inland these conglomerate rocks extend cannot
easily be determined, the nature of the country presenting
almost insurmountable obstacles to such an examination.

This conglomerate consists of a congeries of water-worn
and rounded pebbles of very various sizes, united very firmly
without any visible cement. Some are not larger than a grain
of sand, while others constitute spherical or ellipsoidal masses
7 feet in length. and 5 feet in breadth and thickness. The
most common size is from that of a human head to that of the
two fists. These pebbles are all fragments of the primary
rocks in the neighbourhood; granite, clay slate, felspar, quartz
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are common, but the most abundant constituent is the felspar
porphyry, which constitutes the summit of Ben Nevis, whicla
exists in Glenco, and in many other parts of the neighbour­
hood. These pebbles bear such characteristic marks of their
original, dlat there can be no doubt about it. For example,
there is a variety of clay slate conspicuous on the sea shore
near Kerrera ferry. It is of a very dark blue colour, almost
black, and full of quartz veins. At first sight it looks like
basanite, though the slaty texture of the rock when viewed in
situ leaves no doubt about its nature. NoW' this variety of
clay slate is a common ingredient in the conglomerate rock.

The conglomerate rock in the island of Kerrera, imme­
diately on the south side of the ferry, diffen in its appearance
from that on the main land. It consUlts cbiefly of fragmeota
of clay slate and mica; and these, though water-worn, are not
rounded, but remain flat with rounded edges.

No appearance of stratification can be seen in the upper
part of this conglomerate rock; but the lower portion is divided
into regular beds, and consists of a soft sandstone, with
interspersed water-worn pebbles, which, however, are few in
number, compared with the sandstone in which they occur.
This soft sandstone does not pass gradually into the conglo­
merate: the line of demarcation is quite distinct.

The dip of tile conglomerate is variable, but every where it
is to the north..east; while the dip of the clay slate on which it
lies is south. .

With respect to the origin of this conglomerate there can
be no doubt. The primary rocks in the neighbourhood must
have been fractured, and the fragments washed down into the
sea by the violent action of water. They must have been
long exposed to the action of the waves of the sea, since the
pebbles are all rounded. After this process they must have
been agglutinated together, and finally raised above the level
of the sea to their present position.

How the agglutination was produced we may have some
conception if we attend to the circumstance, that this conglo­
merate is every where intersected by trap dykes, wbich usually
have a direction from south-west to north-east. l'hese trap
dykes doubtless made their way through the conglomerate
while ill a state of igneous fusion. Now this heat may have
been 80 intense as to have softened the superficies of the
pebbles, of which the conglomerate is composed, and thus have
caused them to cohere together j for although no cement can
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any where be seen uniting the constituents together, yet the
adhesion is 80 strong that it is often easier to fracture a pebble
than to separate two pebblt!i from each other.
Th~ probability is, that the consolidation took place under

the sea, and that the elevation of the conglomerate was a
subsequent, and probably a gradual proce8S. The west coast
of Lorn, from DunstafFnage to Gallochin, an extent of about
eight miles, bears unequivocal marks of having been elevated
at no very remote period. A considerable portion of this
coat consists of pretty steep rocks, the summits of which are
elevated 300 or 400 feet above the level of the Se&. NoW'
thele rocks show clearly that they have at no very remote
period been washed by the sea at a height certainly more than
30 feet above the present high-water mark. Now, 88 we
cannot soppose the sea to have subsided 30 feet in this place
without producing a corresponding change upon the other
parts of the coast, we have no other alternative but to admit
that the conglomerate has been elevated at least to that amount;
and if we admit an elevation of 30 feet, there can be no reason
for refusing our assent to an elevation of 300 or 400 feet
subsequent to the period of the consolidation of the conglo­
merate.

Thus the conglomerate of the coast of Lorn resembles grey­
wacke, in being composed of the debris of primary rocks. We
are able even to form lome notions of the way in which it has
been formed, consolidated, and elevated j nor can there be any
good reason for refusing to apply the same principles to the
formation and subsequent elevation of greywacke itself.

Parallel to the south-east flank of the Grampian mountains,
there rons a chain of low hills. These hills are very irregular
in their position, and are separated from each other, and from
the Grampians, by intervening valleys, sometimes constituting
plains of considerable extent. I have had an opportunity of
examining these hills only at the west end of Strathearn.
From the village of Crie1F, which is situated upon the side of
one of these hills, when we turn our eyes around, we see
ourselves surrounded, on the south-west aod north, by an
amphitheatre of little hills, which, varying each in size and
in shape, and being covered to the summits with wood, while
the prospect is closed on the west by the Grampians, constitute
one of the most lovely landscapes any where to be seen.
The Earn and the Turret may be observed making their way
between these fantutic little hills, and, after uniting t.heir
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streams in the plain, making their way· together through the
extensive valley of Stratheam, till the view is closed by the
distant hills beyond Perth.

These hills are composed of greywacke, which assumes
various appearances in different places. Sometimes it hu
very nearly the appearance of common greywacke rock.
Sometimes it is a very coarse red conglomerate, composed
chiefly of a porphyry very like that of the rocks at Glenco.
Sometimes it is a pretty fine-grained red sandstone, composed
chiefly of grains of quartz; and the strata, which are very
distinct, are nearly vertical. The cement or this sandstone is
sometimes clay, sometimes clay slate. The grains are very
fine, and it contains much mica. A similar stone occurs in
Strathearn; but as it is deposited in strata perfectly horizontal,
while those in the hilly tract are vertical, I am disposed to
consider the sandstone of the fiat country as belonging to the
Ilew sandstone serie8.

Dykes of greenstone occur here and there in this greywacke
district. There is one at Monzie, on the south ftank of one
of these old red sandstone hills, which is extensively quarried
for mending the roads.

The old red sandstone beds, described by Buckland and
Conybeare, as lying under the south Gloucester and Somerse~

coal beds; and also the same rock lying under the South
Welsh great coal formation, probahl}' belong to the same for- .
mation as tile red sandstone in Perthshire, or, more accu­
rately speaking, skirting the Grampians on the south-east
flank. For I bave noticed the existence of similar deposits
in the same situation, in Stirlingsltire und Dumbartonshire.

1"he origin of the greywacke and old red sandstone, is
obviously to be ascribed to the destruction of the older rocks;
and doubtless the clay slate which is interposed between the
beds of greywacke, and which, in fact, greatly exceeds it in
quantity, owes its origin to the same cause, and consists of the
debris of those rocks reduced by the action of water to an
impalpable powder; which, after its deposition in regular strata,
had been subsequently consolidated by pressure, heat, or some
other unknown cause. But the origin of the transition lime­
stone is not so easily explained. If we compare with each
other the quantity of limestone which exists in the different
formations, \ve shall find that it increases pretty regularly,
according 88 the formations become newer. There is least of
all in the primary formations, more in the greywacke series,
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Lepidodendron,
Stigmaria ficoides,
Asterophyllites pygmma.
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still more in the coal beds; still more in the new red sandstone
series; more still in the oolite, and most of all in the chalk.
In consequence of this regular increase, and on account of the
prodigious number of the remains of shells and corals wbich
exist in these limestones, it has been supposed that these lime­
stone beds owe the greatest part of their contents to the
exuvim of testaceous animals and polypifers. This explana­
tion, however, can apply worst of all to the transition lime­
stone, because it contains much fewer fossils than those which
exist in the subsequent beds.

The fossil remains in the greywacke group are pretty
numerous. The fullest catalogue of them which I have seen
is given by De la Beche.· He enumerates 378 species,
besides the trilobites, and the remains of fisb, which, in
general, have not been attempted to be classified; of these,
14 species belong to plants, 77 to zoopbyta, 34 to radiaria, 4
to annulata, 201 are sbells, and 48 crustacea.

The plants, employing the generic names of Brongniart,
are
Fucoides, 3 spt'cies,
Calamites, 3 species,
Sphenopteris dissecta,
Cyclopteris flabellata,
Pecopteris aspera,

In all 13 species.
The zoophyta include the followipg genera :-

Manon,· Agaracia, Coscinopera,
Scyphia, Lithodendron, Catenipora,
Tragos, Caryophyllia, Syringopora,
Gorgonia, Anthophyllum, Tubipora,
Stromatopera, Turbinolia, Calamopora,
Madrepora, Cyathophyllum, Aulopora,
Cellepora, Strombodes, Favosites,
Retepora, Astrea, Mastrema,
Flustra, Columnaria, Amplexus.
Ceriopora, .

The most abundant genera of shells are terebratula, pro-
ducta, pecten, cardium, patella, orthoceratites. The most
abundant genera of the crustacea are Calymene, Asaphus,
paradoxites, &c.

• Geological Manual, p. 455.
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Turbinolia,
Crinoidea.

From the various forms of the fossils imbedded in the grey­
wacke, we may infer, that the animals of which they con.
tuted the solid parts, occupied situations 88 different 88 thOle
of the present day: some preferring deep waters, while others
were fitted for shallow waten; and not a few must have 8WUD

freely in the open ocean. The ortboceratites are found of.
large size, a yard or more in length. I f, therefore, they
constituted a part of a swimming molUSe&, like the nautillll,
their size must have greatly exceeded that of any .imiJar
animal at present known to exist. Productm are common to
the greywacke, coal, and new red sandstone group. Spioifers
have been obse"ed as high up 81 the lias; but they are much
more abundant in the greywacke. The terebratulm are much
more copiously distributed through the mineral kingdom; for
they exist in all the formations, from the greywacke to the
very newest; and many species exist alive in the ocean at the
present day. I need not observe that many of the greywacke
fossils, especially the zoophyta and conchifera, exist in the
transition limestone. Mr. Hennah has given a valuable
account of those found in the Plymouth limestone. He fouad
in it various species of zoophyta, belonging to the following
genera:-

Polyparia,
Stylina,
CaryophyIlia,

Besides a considerable nlJlDber of shells.
The family of trilobites must have abounded in particular

places during the deposition of the greywacke. In lome
parts of Wales the A80pAu8 DebucAii is so abundant that the
laminm of the slates are charged with them, so that millioDI
may be met with within a limited space. The trilobite long
known under the name of the Dudley f08'il, because 80 com­
mon in the neighbourhood of that town, is the Calgmae
BlumenbacAii of Brongniart. The trilobite family is now
entirely extinct, and it seems to have disappeared before the
.productm. No traces of them have. been discovered in the
lias, nor flew red sandstone, nor even in the coal beds.

Among the corals are found several genera now existing.
It deserves notice that wherever there is an accumulation of
polypifers in the fossiliferous rocks, such as would justify th~

accumulation of coral banks or reefs, the genera Astrea and
Caryophyllia are present; genera which, according to the
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more recent observations of naturalists, are, joined with a few
othen, the principal architects of coral reefs at the present
ay.-

The fossil vegetables found in the greywacke beds are
similar, though far less abundant, to those found in the coal
measures.

Mr. Weaver has shown that greywacke is an abundaat for..
mation in the south of Ireland. It is found also abundantly
in France and in Germany; though it would be inconsistent
with the extent of this work to enter into a detail of the
localities. But the transition rocks in Sweden are so peculiar
in their situation that a short aceOUDt of them ought Dot to be
omitted.

In West Gothland COllltitoting an extensive district in
Sweden to the west of the lake Wenner, the country is fiat,
with twelve little hills rising insulated through it. The
highest of these, Kinnekulle, is only 920 feet above the
level of the lake WenDer. l"he province cODsists of beds
of gneiss, altemating with granite, and stratified often almost
horizontally. So much so that the country east of Trollhatta
for an extent of eight or ten miles has exactly the appear­
ance that it would have had if it had been artificially covered
with flagstones. The twelve little hills consist of transition
rocks seemingly reposing on the gneiss.

Kinnekulle for instance consists of five beds lying over
each other in nearly a horizontal position. The lowest of
these is a sandstone, doubtless a variety of greywacke. Over
this is a thin bed of alum slate, from which an alum manufac­
tory in the neighbourhood in 1812 was supplied with ore.
This slate contains nodules of stinkstein, and contains fossil
remains. The third bed is a compact limestone abounding in
petrifactions, the most common of which are orthaceratites and
echini. Over the limestone lies a bed of slate clay. The
uppermost and smallest bed, constituting the conical summit
of th.e hill, is a fine grained' greenstone. It has probably
made its way from below, and has acted as the consolidating
agent of the other beds•.

There are two little hills which lie at the soutbem ex­
tremity of the lake Wenner, and about a mile east from Wen­
nersborg. 1nese are called Halleberg and ·Hanneberg. The
latter is southernmost, and is separated from the former by a

• See De la Beebe'. Manual, p••70.



192 GREYWACK.B AND OLD RED SANDSTONE I'ORMATION.

narrow valley. The height of these hills does not much
exceed 200 feet, but they are 80 steep on every side that it
is no eaRy matter to ascend them. The summit is nearly flat,
80 that they constitute a table-land about seven miles in
length, and nearly as much in breadth. These.hills are com­
posed of the following beds, beginning with the lowest which
reposes on the gneiss, of which the flat country is composed :-

1. A white sandstone composed of rounded quartz graiD&
2. Iron shot clay mixed with pyrites.
s. Alum slate, black, and much mixed with pyrites.
4. Fibrous limestone containing petrifaction&.
5. Alum slate with nodules of stinkstein as at Kinnekulle.
6. A very fine grained greenstone constituting three­

fourths of the hill and crowning it.
In these hills the sandstone is the substitute for greywacke

or old red sandstone, and the alum slate for the clay slate
which usually alternates with that rock. The structure of the
remaining nine little hills is similar. The reason why the
sandstone constituting the base of these hills is so different in
its appearance from greywacke seems to be this: From the
constituents of greywacke it is evident that it is composed of
the debris of tlte rocks on which it rests. And these rocks in
this country and in Germany where greywacke abounds, are
chiefly clay slate. But clay slate being altogether wanting
in Scandinavia, the sandstone formed from the disintegration
of gneiss (the fundamental rock in Scandinavia) could not
possibly resemble greywacke, which consists chiefly of the
debris of clay slate.

'Vhen greywacke lies immediately contiguous to primary
rocks it sometimes seems to alternate with them. Thus Dr.
l\I'Culloch describes greywacke and quartz rock 88 alternat­
ing in the gneiss beds which constitute the eastern portion of
the Isle of Skye. Such appearances are doubtless owing to
alterations produced in the relative situation of rocks by the
agents to which these rocks were indebted for- their con~li­

dation.
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CHAP. XIV.

STRATIFIED PRIltlARY FORMATIONS.

THE greywacke group is the lowest series of beds that con­
tain petrifactions. Those which lie below them (with a few
trifling exceptions) are entirely destitute of the remains of
animals or vegetables. On that account they have been
u8ually denominated primary or primitive formations, indicat­
ing by the term that they are still in the same state as when
they came from the hands of the Creator. But 88 a COD­

siderable number of these formations are in beds deposited
regularly above each other, we have the iame evidence that
they were formed under the surface of the sea, that we have
for the similar deposition of the secondary strata. The
absence of fossil remains undoubtedly constitutes an impor.
tant distinction between primary and 8~condary rocb, but it
does not destroy the evidence derived from stratification. It
may be that the nnfossiliferou8 stratified rocks were deposited
and solidified before the earth was inhabited by animals or
vegetables. Or, as is more likely, they may have contained
fouils at the time of their deposition, but all remains of them
may have been obliterated by the agent by means of which
they were consolidated.

The relative position of the stratified unf088iliferou8 forma­
tions is not quite uniform, but in general they occur in the fol­
lowing order, beginning with the uppermost rock:-

1. Clay slate.
~. Mica 8lat~.

3. Gneiss.
Beds of hornblende slate, chlorite slate, quartz, and granu­

lar limestone, occasionally occur interspersed through the
three preceding rocks, and these 80metimes become 80 con"
siderable as to constitute whole mountains.

). Clay Slate.
Clay slate, the uppermost of the umossUiferous stratified

formations, is a f<!ok,well known in this country, being the
substance commonly~ uwpp for roofing houses.

The colour of clay slate is very various, grey, blue, red,
}'ellow, but by far the commonest colour is blue of various
shades.

I I. o
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40-232 • 59·11
14-560 _ 19-41
5-540 _ )·12

20-776 _ 11-45
2-248 _ 4-51

4-358·200 •

Its texture, as the name implies, is ,laty, and there is a
great difference in the degree of thinness into which these
slates can be split_ The texture of the rock then is slaty, and
sometimes the folim are straight, sometimes curved. It is
only in the former case that the rock answers for making
roofing slates_ Very often the slates in the rock alternate
with quartz, and constitute a rock slaty to the eye, but incap­
able of being split, because the clay slate and the quartz
cohere very firmly.. Indeed, in sucb cases the slaty portion
of the rock is so thin, that if it could be separated from the
quartz it would not be of any service as a roofing material.

The lustre of clay slate is more or less pearly, or at leut
silky.

Its specific gravity is about 2-7.
Its constituents, determined by analysis in my laboratory,

are as follows :­
Silica,
Alumina, •
Lime,
Protoxide of iron,
Magnesia, •
Soda,
Moisture and volatile matter,

100·556- 99-05t
Clay slate almost always contains cubic crystals of iron

pyrites interspersed through it. These have a yellow colour,
the metallic lustre and a considerable degree of hardness.
When clay slate alternates with greywacke it contains abun­
dance of petrifact.ions, and is known by the name of transition
,late. Pyrites is much less common in transition clay slate
than in what is called primary slate_

Beds of granular limestone, of chlorite. slate, and of quartz,
are common in clay slate mountains.

Clay slate usually occurs in mountainous districts, seldom
in plains_ The mountains composed of it are sometimes
round backed, but they much more frequently rise into sharp
cliffs, sometimes quite precipitous on one side to a very con­
siderable depth_ Ben Lomond, which is rather an elegant
shaped mountain, is composed of clay slate, and from the

- A green coloured alate from Ireland. Specific gra\'ity 2-581•
. t A bluiah grey Ilate, with darker spots, from Germany. Specificgravity

fJ-761.
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lummit .on' the north-east side there is a perpendicular clitf
that cannot be under 1000 feet high.

A considerable portion of the Grampian mountains in
Scotland is composed of clay slate. For example, Glen
Almond, a romantic ravine through these mountains, through
which the road passes from CriefF to Kenmore, exhibits on
both sides a majestic section of clay slate mountains. The
same remark applies to Glen Queach, which may be con­
sidered as a continuation of Glen Almond. The mountain
to the south of Kenmore is composed of clay slate. About
four miles west of Kenmore, on the north bank of Loch Tay,
mica slate rocks make their appearance, and Ben Lawen is
composed of mica slate. But as we approach Killin, at the
west end of Loch Tay, clay slate rocks again make their
appearance. From this section of the Grampians to the
extremity of the Mull of Kintyre, where the range may be
said finally to terminate, a distance of about one hundred and
twenty miles, and more than half the length of the Gram­
pians, they consist almost entirely of clay slate. Clay slate
beds may be seen also on the north side of the Grampians,
in Aberdeenshire, and on its south side, in Kincardineshire.
Hence it probably extends along the whole course of these
moon~~ .

It has been already observed, that the clay slate in Wales
contains abundance of fossils, particularly the A,apAus De­
bucAii. On that account, and because it alternates with
greywacke, it is considered as tranaition ,late.

The clay slate in the neighbourhood of Plymouth alternates
with the limestone of that neighbourhood, which contains
fossil remains. On that account it is considered also 88 tran­
sition slate. Now this clay slate is continued with little
interval from Plymouth through the whole of Cornwall, and
no good reason can be assigned for cODsidering the age of the
Cornish Aillal (the name in that county for ,late) as different
from that of Plymouth. This clay slate in general contains
no fossils, yet they have been met with in the clay slate of
Tintagel in Cornwall. Perhaps therefore there is no very
valid reason for considering the age of the primary clay alate
88 very different from that of the' transition. The shells from
Tintagel are figured in the Geological TraftltlCticms, iv. 25.
Those from Snowdon are figured in the Armal, ofPAiloIopAy
(second series), iv. pl. 17.

Clay a/ate rocks occur on the coast of 'France a~~_'-~ U\
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Cornwall, in Britanny, mixed with granite, aDd aI80 •
greywacke; and Brongniart hu given it • his opiaioD tIId
these beds are fossiliferous; but I am not aware tIIat ..
opinion hu been verified by the discovery of aD,. &.iI
remains in tbem.

2. Mica Slate.

Wben a mountain mass is granitic, it was the opiDioa"
Werner that the central and Iligbest portion of it co_ted.
granite; tbat this central portion was enveloped on aIllid.
in beds of gneiss wrapt round it mantlewise, and that tII_
beds thinned out and disappeared before we reached the upper
part of the mountain. Still lower down, beds of mi. __
were wrapt round the gneiss as it bad been about the granite,
and thinned out and disappeared before they reached tile
height of the summit of the gneiss beds. Still lower dcnra
clay slate beds wrapt round the mica slate beds, and thiDDed
out in their turn before they reached the upper summit of tile
mica slate. Though this description is certainly very far
from holding good in all cases, yet it must be admitted that
an approximation to it may be fr~qllently observed. ThOl in
the southern part of Aberdeenshire tbe central portion of &lie
Grampians consists of granite. Whether this granite cenlral
mass be wrapt round by gneiss I do not know from pellODaI
inspection, but bave been told that it is. Mica slate rocks
may be seen both to the north and the south of the granite
chain. The beds of these rocks are very much elevated, and
they obviously lean against tbe granite central mass jUlt.
would have happened had the mica slate been originaUy
deposited in horizontal beds, and the granite had forced ill
way upwards through these beds in a state of fusion.

Mica slate is a stratified rock composed of mica crystallized
in plates, and quartz. l'he mica being 118ually in thin leaves
is much more bulky than the quartz, which it frequently con­
ceals 80 effectually that its presence can only be recognised
by breaking tbe mineral into small fragments. Sometimes,
indeed, the quantity of quartz is so small tbat in hand speci­
mens it cannot be recognised. In such casel the graina of
mica become very small; it begins to assume the silky IUltre
of clay slate, and gradually passes into that rock. So that in
a congeries of bed. consisting partly ,f mica slate and partly
of clay slate, it is difficult to determine where the one rock
terminates and the other begins.
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Crystals of garnet (the variety called precimu gamd) are
almost always interspersed through mica slate, often in great
numbers and of all sizes. They of course serve to character·
ize this rock. In clay slate they are very rare, and though
they occur in gneiss yet they are uncommon in that forma.
tion.

In the Grampians the mica slate rocb begin about Ben
Lawers, which is composed of it, and it seems to proceed with
little interruption from that place to the south·eastern ex­
tremity of the range.

Mica slate contains in it a considerable number of subordi.
nate beds. The most common of these is chlorite slaM, which
occurs near Inverary, in Argyleshire, where the rocks are
composed of mica slate. The Duke of Argyle'. houle at
Inverary is built of chlorite slate, from quarries in the neigh­
bourhood.

Dolomite, or magnesian limestone, containing crystals of
tremolite, epidote, tourmaline, lepidolite,. amphibole, corun­
dum and magnetic iron ore, is said to constitute a bed in mica
slate in the Alps, but this is doubtful; for many of the locali­
ties in the Alps, which Brochant described as composed of
transition or primary rocks, have been since ascertained to be
of much l~er origin, and to belong to the Dew red sandstone,
the oolite, or even the chalk series.

Beds of quartz rock, usually white, with thin plates of mica
intenpersed through it, are rather common in the mica slate,
81 well as in the clay slate formation; such beds are frequent
in ODr Grampians. Hornblende and hornblende slate occur
also in beds, both in clay slate and mica slate mountains;
luch beds are abundant in the Grampians. In the pas. of
Larikeely, between Loch Earn Head and Killin, an enormous
bed of this kind may be seen cut through by the road. The
country is composed of clay slate.

Emeralds occur usually in mica slate, though those at Muzo,
in New Grenada, are found, according to Humboldt, in a bed
of hornblende slate, which, however, is subordinate to mica
slate; syenite alIo occura in mica slate. This at least is the
case in the Shetland islands, a portion of which is composed
of mica slate. We have an interesting geological account of
these islands by Dr. Hibbert, in the first and second volumes
of the Edinburgh Philosophical JOUf'fIlJl. They.consist entirely
of primary rocks, and are composed chiefty of granite and
(neilS; but beds al80 of mica alate are me\ w\\u\ teU\~"s.a\)\.~
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for the syenite which they contain. There appears a striking
analogy between the structure of the Shetlands and Sweden;
while the Orkney&, which consist chiefly of new red sandstone,
are geologically connected with Caithness, which consista
partly of new red sandstone and partly of lias.

In Europe mica slate constitutes a very extensive and wide
spreading formation. In America it is less common; and in
that country, according to Humboldt, it never contains beds
of porpllyry, nor does it pass into porphyry; while, according
to .Von Buch, this happens in the Spliigen Alps, between the
village of Spliigen and the valley of Schams.

Humboldt informs us that mica slate is almost wanting in
the Cordilleras of Mexico and South ..-\merica. The primary
rocks in these districts, he says, consist of altemate beds of
granite and gneiss mixed with syenite.

3. Gneiss.
The unfossilifer8us stratified rock, which commonly lies ccm­

tiguous to granite, when the two formations occur together is
gneiss. Now gneiss is a schistose rock, composed of fiUpar,
quartz and mica. These constituents are deposited in alternate
layers. Hence the slaty structure so conspicuous in this rock,
from the difference in the colour of the felspar and mica, which
generally enter most abundantly into the composition ofgneiss.
In the gneiss rocks most approaching to the granite in situa­
tion, or what is usually called the oldest gneisI, the quantity
of mica is comparatively small, the rock being chiefly composed
of felspar; but it increases very much as we approach the
mica slate rocks, and becomes at last so abundant, that we caD

scarcely distinguish it from this last rock, into which it gradu­
ally passes.

The word gneiss (gnetUs) is German, and was given by the
Freyberg miners to the rock in which most of the mineral
veins of Saxony occur. When this rock was constituted by
Werner into a particular formation, he naturally adopted the
name by which it had been already distinguished. In this
way it made its way into geology, and has long been current
in aU European languages.

It is but rare to find gneiss for any great space quite pure;
it almost al,,'ays alternates with other rocks, and the most
eommon of these is granite. The greatest part of the vast
peninsula of Scandinavia consists of gneiss, in this way alter­
Dating with granite. In the Scandinavian gneiss, mica is very



STRATII'IED PRIMARY FORMATIONS. 199

little abundant; it CODsists chiefly of felspar and quartz, though
to this there are many exceptions. When it loses the slaty
fracture, and becomes granular, then it cannot be distinguished
from granite, into \vhich, of course, it passes. Adam's peak,
a celebrated mountain in Ceylon, between 6000 and 7000
feet above the level of th~ sea, is compose(i of gneiss, as we
are informed by Dr. Davy.

Gneiss rocks were thought to be richer in gold and silver
ores than any other formation. The gneiss of Germany, of
France, of Greece and of Asia l\tIinor yields silver, for the
silver mines worked by the ancients ill the two last countries,
and 80 much celebrated for their riches, were situated in
gneiss. It is now known, however, that the greatest silver
mines are situated in newer rocks. This is the case with the
Mexican mines, which supply more silver than all the rest of
the globe put together. .

The only part of Great Britain where gneiss rocks occur in
any quantity, is the granite tract which runs along the Dee,
in Aberdeenshire. On both sides of that tract gneiss rocks
recline against and cover the sides of the granite. There is
also a tract of gneiss which begins at the Coran ferry, nine
miles south of Fort William, in Inverness-shire. The range
of mountains constituting the north side of Glen Tarbert,
which runs in a westerly direction from the Corao ferry to
Strontian, in Argyleshire, are gneiss. The range would appear
to terminate at Strontian, abont twelve miles from the ferry;
for half the mountain in wbich the lead mine of Strontian is
situated is gneiss, and the other half granite. The lead ore
lies in a vein which separates the gneiss and granite from each
other.

Gneiss frequently alternates with mica slate. When this
is the case, the gneiss contains much mica, and gradually
passes into mica slate. The other beds occurring in gneiss
are quartz, often containing garnets; felspar, generally in a
80ft state, and destitute of potash, or nearly 80, constituting in
fact kaoline or porcelain clay; porphyry, generally reddish,
and having a base of hornstone; granular limeston,.e, though
this kind of bed is rare; serpentine, which is said by Cordier
to constitute an immense bed in the central gneiss of }-'rance ;
hornblende slate; and greenstone.

Humboldt assures us that he has never seen gneiss at a
greater height above the sea than 8900 feet; but this obser­
vation can apply only to America, for the centtal ~\\\m\l.\a\\u~
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point of the Alps consists of gneisa alternating with granite,
and rises to the height of 12,201 feet. This point is called
the Grosse Glockner, and is situated a little to the Welt of
Carinthia and Salzburg.

A considerable Dumher of the western islands of Scotland
oonsist of gneiss. . 1'his is the case with Long Island, Teree
and Coli. There is also a considerable deposit of gneiss on
the main land of Scotland, beginning at the 80Uth-east point
of Morven, opposite to the Isle of Mull, and exteDdiDg at
least as far north 88 Loch Carron, situated to the north of the
Isle of Skye. This tract has been very well described by Dr.
Macculloch, in his Geological .Account ojthe We&tern Islaatb qf
Scotland. It is evident from the sections which Dr. Maccul.
loch has given, that the gneiss in the north of Scotland lies
over quartz rock and primary saM,tofte, if such a name can be
given to the granular quartz rocks, which Macculloch considers
as sandstone.

Cape Wrath, a most conspicuous promontory at the north­
west extremity of Sutherland, cOiltains abundance of goeiS8
and granite veins. Gneiss alsO occurs to the north of Loch
Broom, in Ross-shire, evidently lying over the quartz rock
and primary sandstone of Dr. Macculloch.

Garnets, octahedral iron ore, Suor spar, zircon, tourmaline,
epidote, molybdena and iron pyrites occur pretty frequently
interspersed through gneiss rocks.

There is a circumstance of almost constant occurrence in
gneiss rocks, which deserves to be pointed out. The beds of
\vhich the rock is composed are frequently found incurvated
in a most extraordinary manner. Some idea may be formed
of the nature of these incurvations by supposing the gneiss beds
to have been in a plastic state, either from the action of heat
or of some other unknown cause, and, while in this state, to
have been subjected to pressure at the two extremities, or in
80me other parts, according to the nature of the curvatures.
But even this hypothesis (though the best that has been thought
of) will scarcely enable U8 to explain all the contortions which
not merely the beds of gneiss, but likewise of mica slate and
clay slate and even greywacke slate, exhibit. 'fhere is a bed
of clay slate near the ferry to Kerrera, a few miles south of
Oban, in Argyleshire. This bed has been partly wasted away
by the sea and its structure exposed to view. It contains a
central cylindrical nucleus of unknown length (but certainly
considerable), round which six beds of clay slate arc wrapt,
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the ODe within the other, so as to form six concentric cylinders.
Now, however plastic the clay slate may have been, there is
no kind of pressure which will account for this structure; the
central cylinder would have required to have been rolled six
times in succession (allowing an interval for solidification be­
tween each) in the plastic clay slate.

Wben gneiss, mica slate or clay slate lie incumbent on, or
in contact with granite, we frequently observe veins of granite
penetrating through these rocks, and sometimes passing a con­
siderable way. These veins are not more than a few inches
wide; they were observed by Dr. Hutton in Glen Tilt, and
have been recognised since as so exceedingly commOD, that
hardly any extensive junction of granite with other rocks is
to be met with in which granite veins may not be traced.
One of the most remarkable of these localities is St. Michael's
Mount, Cornwall. This mount consists of a cone of granite,
wrapt round by clay slate, of which the neighbouring country
consists. VeiDs of granite not less than 124 feet in length,
and becoming gradually less than an inch in thickness, may
be perceived running into the clay slate, especially on the
east side of the Mount.

CHAP. XV.

GRANITE.

Granite, from the beauty of the stone and from the majestic
elegance which in general characterizes the mountains com­
posed of it, has always occupied a prominent place in geologi­
cal descriptions of the earth. It was long a controversial
subject whether or not granite rocks be stratified, but the
point has at last been decided in the negative; what has been
called 8tratified granite is, in reality, gneis,. Both rocks,
indeed, are composed of the same constituents, but the former
is granular while the latter is schistose.

The term granite is supposed to be derived from the Latin
word granum, and to have been given to this rock from its
granular structure. Werner used to affirm that it was first
used by Toumefort in his Yoyag6 to the Levant; this book
did not make its appearance till after Tournefort's death, an
event which took place during the year "08. "rau'tn~\\)'t\.
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uses the word in hi. account of Mount CynthuB, in the islaod
of Delos, which he says is nothing else than a block of gr""
of the ordinary sort, common in Europe. He says that there
is scarcely an island in the Archipelago that does not abouod
in granite, and that the Romans used to fetch great quantities
of it from the island of Elba, on the coast of Tuscany, and
also from the quarries of Upper Egypt. It is obvious from
all this that the word granite was ill common use in Toume-

, fort's time, at least in France, and that it was by no meaD8
first used by him. I have looked into several older writen
without finding any trace of the term. To Pliny it was UD­

known. It does not occur in Agricola, nor is any trace of it
to be found in the early volumes of the PhilosopAical 7rau­
actions, or the Memoir, of tAe Frer&eA Academy. In the fint
volume of Birch', History oftk Royal Society, p. 80, the fol­
lowing passage occurs, copied by him from the registen of the
Society for 1662.

"Mr. Winthrop produced malleable mineral lead and a
piece of a rock of granite."

Upon turning up this passage in the original register of the
Royal Society, still preserved in their apartments, I found
that the word was not written granite but granate. Now, this
was the usual expression at the time for what we DOW call
garnet, but in the English translation of Tournefort's voyage,
published in 1742, the word is also spelt granate. I think it
probable that the term granate, in the passage above quoted,
referred to the rock which \ve at present distinguish by the
name of grallite; had it referred to a garnet, it is not likely
tbat the term rock would have been applied to it. If this be
admitted it is the oldest example that I have met with of the
application of the term in its modern acceptation.

Granite is a granular rock composed of three ingredients;
namely, quartz,felspar and mica. These three constituents
are in crystals more or less regular, and are mixed together
and cohere without any visible cement and without any thing
like regularity in the proportion of the constituents. The
felspar is usually the most abundant ingredient, and as it
occurs of various colours and of very various sizes, it is to it,
chiefly, that the great diversity in the appearance of granite
is owing. Instead of felspar, albite is often substituted, and
in many varieties of granite, both felspar and albite occur to­
gether. The colour of the mica in granite is most commonly
dark brown, almost black; but it occurs also colourleu, in
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beautiful silky scales. Sometimes hornblende 8I8umes the
place of the mica; the rock is then called syenite from Syena,
in Egypt, where this kind of mineral was quarried by the
ancients and employed for ornamental purposes. It is not
uncommon to meet with syenite containing both hornblende
and mica, and therefore composed of four instead of three in-

d• •gre lents.
It was the opinion of Werner that syenite was distinguished

from granite by its position, being considerably higher in the
series of rocky formations; but this opinion does not seem
likely to be verified by more extended observations. In this
country syenite occurs in Galloway in three places nearly in
a line with each other, and with the granite tract in the island
of Arran. The first of these is the Criftle, a very conspicuous
mountain to the south of Dumfries, and at the eastern ex­
tremity of the County of Kirkcudbright. The second locality
is called the Dee tract; it begins at Loch Ken and extends
about nine miles west, with a breadth of about four miles.
The third tract is at Loch Doon, on the borders of Ayrshire;
it is of the same extent as the Dee tract and similarly situated.
These. three syenitic deposits are partially covered by clay
slate rocks, which lie over the syenite in an inclined position.
I am not sure that any fossil remains have been found in this
alate, yet it has been generally referred to the transition series.

There is a syenitic hill, called Mount Sorrel, which occurs
in the tract in Leicestershire called Charnwood forest. This
tract consists of clay slate rocks, rising through a new red
sandstone country. These slates resemble exactly the Welsh
slates, and, like them, are employed for roofing. It is proba­
bly transition slate, and the beds of it recline against the sides
of the syenitic hill of Mount Sorrel. . This remarkable tract
constitutes a kind of triangle, the three sides of which are,
respectively, nine miles, nine miles and six miles.

But the granite which constitutes the base of Ben Nevis
seems also to be a syenite. Now, there can be no doubt that
gneiss, mica slate and clay slate follow in regular order of
position over this rock.

The constituents of granite are sometimes of a very small
size, so that we can just distinguish them from each other by
the naked eye. The rock is then called amall.grained granite.
This is pretty much the case with the granite found in the
neighbourhood of Aberdeen, and employed in that part of the
country 88 a building stone. The princ\~ t'\uatnett \~\)~
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which the stone is taken, are the Dancing C4im, about three
miles north-west from Aberdeen, near the DOD and Inverury
canal, and Rubislaw, about a mile beyond tbe town on tile
great south road. The appearance of the blocks in situ, rettem­
bles very closely that of a basalt or greenstone quarry. ID
this granite, when the felspar is red, the grains are uauaUy
large, when white, small. The red grains are fel8par, but I
have not been able to procure tbe white grains in a ltate fit
for analysis. They are probably albite. The Aberdeen gruite
constitutes a very durable and beautiful building stone; bot
in consequence of its extreme hardneu, the masons were IODg
unable to carve out of it the usual architectural omamentL
Hence, in Aberdeen, the doors and the windows were long
destitute of every thing ornamental, being mere holes in the
wall. But they have gradually acquired the requisite skill,
and in the new houses, granite pillars, pilasters, and columDB,
are beginning to make their appearance.

When ,large crystals of felspar are interspersed through
small-grained or medium-sized granite, the stone is said to be
porphyritic. This is the case with that portion of CorDish
granite which occurs in the neighbourhood of Redrutb. The
foot pavement of Westminster bridge consists of this granite.
"fhe slabs are long and have been worn quite smooth by the
feet of passengers. When this pavement has been wuhecl
clean by a sbower of rain, these large crystals of felspar of a
flesh colour, and from 3 to 6 inches long, may be very dis­
tinctly seen in the granite.

One of the most beautiful varieties of granite that I haTe
seen, occurs at the south-west end of the island of Mull, large
blocks of which may be seen on the contiguous island of
Icolmkill. The felspar is flesh-red, the quartz white, and the
mica not abundant. Nearly the same kind of granite occun
at Balechulish, on the south side of Loch Linne, at the north­
ern extremity of Argyleshire. The granite of Strontian and
Ben Nevis approaches more in appearance to the Aberdeen
granite, except that the grains are larger.

The great granite tract in Scotland is in the neighbourhood
of Aberdeen. The primary country begins in Kincardineshire
soon after passing the river at Stonehaven. Gneiss first makes
its appearance; but before we come to the Dee the gneiss
passes into granite. The granite tract extends from the Dee
to the Don, where gneiss occurs intermixed with mica slate,
and somewhat farther north, the mica slate passel into. clay
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I late. The Aberdeen granite stretches along the Dee at least
sixty-five miles west, 88 far 81 Brae Mar, at whieh place it i.
occasionally mixed with gneiss and beds of an impure lime­
Btone. I do not know, from personal inspection, that the
granite continues beyond Castleton; but it probably does, as
the lower part of Ben Nevis, which is in a line with the
Aberdeen granite, consists of granite. Here it extends over
a space at least twelve miles in breadth, and with alternatioDI
of gneiss, continues to the west coast of Scotland.

There is another granite tract, which begins at Poriloy on
the Murray Frith, aDd extends as far as Banit ProbablYt
indeed, it proceeds without interruption to Kinnaird's Head,
which constitutes the north-east extremity of Aberdeeoshire;
but I did not myself trace it farther than Banft:

Another extensive granite tract in Scotland, is in the
county of Sutherland. Caithness, the farthest north county
in Scotland, is exceedingly fiat, and composed chiefly of sand­
stone and slate clay. It is separated from Sutherland by a
high mountainous tract, distinguished by the name of the Ord
of CaitAne". It is about ten miles in breadth, and its great­
est height above the level of the sea is not under 14.00 feet.
The basis of the Ord seems to be granite, but sandstone beds
(doubtless connected with the greywacke series) may be seen
covering this granite in many places. The east coast of
Sutherland, hom the Ord to the Dornoch frith, i. alluvial,
and consists of soil mixed with an immense number of granitic
boulders, many of them of great size. Beyond this alluvial
portion, sandstone beds occur, recognisable by their fossils
for a part of the lias formation. About three miles in­
land from the coast, granite rocks commence, at first con­
atituting only the under part of the mountains, while their
8Ummits coDsist of sandstone. But as we advance westwards
the whole hills become granitic. These granite mountains
are in general low, round backed, and barren. How far west
the granite of Sutherland extends has not been determined..
The weltside of the county consists of quartz 'locks and a
red sandstone, which aeems connected with the greywacke
8eries.
. A considerable tract of granite exists in the island of Arran,
the centre of which is Goatfield. The granite is skirted all
round with mica and clay slate. At Lodl Ran.. on the
llorth-west side of the island, occurs the ce\ebte.~ \,\\~\\.a,
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of the granite and clay slate, which was 10 often visited du.­
ing the controveny between the Neptunists and Plutoni.ta.
It was brought into notice by Dr. Hutton, who observed that
the clay slate in the neighbourhood of the granite was harder
than at a distance from it. This he considered 88 a proof of
the indurating effect of the granite while in a state of fosion
upon the clay s18te. The granite of Galloway has been
noticed already.

Granite occurs in the mountainous tract in the lOoth of
Roxburghshire, which separates England from Scotland. I
have seen specimens of the granite, but never having visited
the spot, can give no account of its extent and situation.

Granite constitutes a very conspicuous rock in Comwall
and Devonshire, and makes its way to the surface in certain
isolated places. The Land's End consists of granite elifti
about 230 feet in height. The rock extends, without inter­
ruption, to Penzance, a distance of about ten miles. It
appears in two other places, in a line between the Land's End
and Dartmoor. This table Jand, which constitutes the moun­
tainous part of Devonshire, consists of it. The highest of the
Dartmoor hills is Rippontor, which rises to the height of 1,549
feet above the level of the sea. Brown Willie, the next in
height, is 1,368 feet high.

I shall not attempt to describe the granite formation 88 it
appears in different parts of Europe, Asia, and America.
Such a description would occupy a great deal of room without
adding much to our information. I may merely mention the
Simplon, the lower half of Table Mountain at the Cape of
Good Hope, and the neighbourhood of Canton in ChiDa, 88

well known examples of its occurrence.
It was long believed that granite constitutes the lowest of

all the formations hitherto met with on the globe. Hence it
was considered as the oldest and the fundamental formation.
But after a great deal of discussion and observation, it is now
generally admitted that this point cannot be maintained. It
is true that granite occasionally appears under every other
rock; but when we examine the rocks in contact with it, we
generally find granite veins making their way through them,
and not unfrequently proceeding a very considerable way.
We find beds of granite often interspersed through gneiSSt
mica slate, and even clay slate. And in the neighbourhood of
Cbri,bania, in Norway, Von Boch observed granite lying over



.PORPHYRY AND TRAP ROCKS. 207

fossiliferous limestone. It is therefore incontestible that it
must have been deposited after this limestone.

The opinion now generally adopted respecting granite, is
the one originally proposed by Dr. Hutton; namely, that
granite has been forced up from below in a state of fusion,
and that it has cooled more or less slowly under a great pres­
sure. Hence the reason of its crystalline texture, of the great
difference in the size of its grains, and of the beautiful crystals
occasionally met with in cavities of the rock. Hence the
reason of the granite veins. The forcing up of a fluid mass of
matter would naturally alter the position of, and produce rents
in, the strata through which it was forced. The liquid matter
would of course enter these rents and fill them. When the
quantity of ftuid granite was large, it might force itself between
two contiguous beds, or it might make its way to the surface
and be deposited upon the uppermost formation which existed.
Hence we may expect occasionally to find grani~e lying over
every formation which existed at the time of its protrusion.

Granite differs very much in its appearance from modern
lavas, or even from the lavas of extinct volcanoes of the re­
motest period. The reason of this cannot be assigned. The
stony matter, by the fusion of which it·was formed, may have
been different. In lavas, we never, or at least very seldom,
find quartz crystals. The silica is usually in combination with
other constituents of the rock.

CHAP. XVI.

PORPHYRY AND TRAP ROCKS.

BESIDES the formations which have been already described,
there is another set of rocks scattered in great profusion over
the surface of the earth. These, so far as is known at present,
never contain any fossil remains, either of vegetable or animal
bodies. Tbey often constitute the highest portion of the
country where they occur, though frequently also they are
interposed between the layers of stratified rocks. These rocks
have a striking analogy to those of volcanoes; and, after a
violent controversy, which lasted for upwards of b.a\~ a. c.et\\u~"
it has been hnally decided by geologists that the,. ~"t~ a\
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I. PORPIIYRV.

igneous orIgin. 'fhese rocks have been (.
classes of porphyry and trap. Let UI tal
succession.

I-... ..
The term porp"yryliterally signifies r, ~

ally applied to certain stones capable of ­
distinguished by a red colour. Thus Pli
porphyrite. as common in Egypt. B
present apply the term to all rocks bavi
through which are scattered crystals, or ~

mineral. T~e nature of the base giV(
porphyry. This basis is either

Felspar, Ho .Ito
Pitchstone, Cll It'

The crystals are usually felspar or qua
or hornblende.

Felspar porphyry and claystone pOrphYl
among the transition rocks. Whether th.
primary rocks. is not so clear; I am not
authenticated example of it. Tbere is
porphyry in the valley of l\·fagdalena, bet
'fruxillo, in Peru, which reposes upon gral
by a secondary quartz rock.

Transition porphyry constitutes one of •
rocks in South America. There can be Ii t. ;
phyry, like trap, laas made its ,,'ay from bel . •
and has, in tllat way, insinuated itself thro~ I i
it occurs. It would therefore be an object ~ _'WI~t to
determine the lo\\"est rock over \vhicb ill nes, because the
knowledge of this would give us some idea respecting the era
of its eruption.

It constitutes tile uppermost conical summit of Ben Nevis,
and seems to have been forced up in a state of fusion through
the granite of which the inferior portion of tbat mountain is
composed. Hence it may be inferred that it is of posterior
formation to granite, and many other circumstances lead to
the same conclusion. The Ben Nevis porphyry spreads itself
a good way to the south and caps the summit of many moun­
taills in the neighbourhood. Whether it constitutes the sum­
mit of Ben Cruachan I do not know, having been disappointed

by tI,e uf'eatlJer in my attempt to ascend that t't\O\\\\\\\.\\\"
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Claystone porphyry is very common in our mountain ranges
in Scotland, which are connected with the secondary and tran­
.ition formations. It constitutes the summit of all the eastern
part of the Pentlands, on the south and south-east of Edin­
burgh; it is also pretty common. in the Ochils. No transition
beds have been observed in this chain of hills, but they rise
up from under the coal beds, and therefore have been elevated
after the deposition of the great coal basin in the middle por­
tion of Scotland.

The mineral called pIlclutone, 80 far as I know, has been
hitherto met with only in veins. There are two remarkable
localities of it in Scotland, namely, the Islands of Egg and
Arran.

Egg is a small island situated a little to the .outh of the
Isle of Skye. It is composed chiefly of amygdaloid, accord­
ing to Dr. Macculloch; but towards the south end of the island,
there is a high ridge or dyke, which traverses it from west to
east. This ridge is known by the name of the Sjune of Egg.
This dyke, or wall, is about 300 feet high on the east side,
and 80 precipitous as to be inaccessible. It is composed of
pitchstone, or rather pitchstone porphyry, for it contaios occa­
sional crystals.

At Brodic Bay, in the Island of Arran, which is the usual
landing place, the beds exposed on the surface are compoaed
of red sandstone, similar to what constitutes the neighbouring
Cumbraes, and which appears on the opposite west coast of
Ayrshire. Through this red sandstone run some pretty thick
veins or dykes, of leek-green pitchstone. The uppermost
bed in the south of Arran, is a clay stone porphyry. It is
probable that the pitchstone dykes, notwithstanding the great
difference in their appearance, are nearly of the same era ..
the claystone porphyry.

I am not aware of the existence of hornstone porphyry ia
any part of Great Britain; it is obviously rare.

II. TRAP ROCKS.

The word trap was first applied to rocks by Rinman, in a
paper On Stonu containing Iron, inserted in the Mmaoir, qf
tAe Stoclt.Aolm Academy- for 1754. He imposed the name,
he says, because the rocks alluded to broke in rectangular
fragments like ,andMone.- Werner afterwards limited the

• The Swedish word trappa, sipiSes a stair. The name •• 4.\)~~~

~I. P
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li~ification to certain rocks distinguished by the hornblende
which they contain. At present the term is applied to all the
rocks whicb penetrate through others in the form of dykes, and
to those which cover the summits of the other rocks 88 lava
doe9. "fhe most important of these rocks are tbe following:

1. Greenstone, 5. Basalt,
2. Serpentine, 6. Porphyry slate,
3. Diallage rock, 7. Wacke,
4. Amygdaloid, 8. Trap tuff.·
I. Greemtone, called by the French diabaM, is a mixture of

felspar and hornblende, or 80metimes of felspar and aogite.
]t is granular, and differs much in the size of its constituents.
Sometimes they are 80 small as hardl y to be distinguished by
the eye, ancl sometimes in large, and almost regular crystals.
The hornblende predominates, and 08ua1ly gives the stone a
greenish shade. Hence the reason of the name grtJtI118IDae

imposed on it by Werner.t
This rock is exceedingly common in the coal district of

Scotland. Many hills in the neighbourhood of Edinburgh, 88

the Castle l1ill, Salisbury Crags, Arthur's Seat, Inchkeitb, &c.
contain masses of it not stratified, but frequently split into
columns, sometimes of great size. rrhe most remarkable of
these are the (,'Olumns in Fingal's Cave, in the Island of Staffa,
and the Giant's Causeway, in the north of Ireland. Dykes of
greenstone are abundant on the west coast of Ayrshire, and
also in Lorn, near Oban. In England it is not so abundant,
yet it occurs in the transition formation in Cumberland as
well as in the range of Scottish mountains, from St. Abb's
Head to Loch Ryan. In the neighbourhood of Birmingham
a number of little hills of greenstone and basalt occur, whicb
are employed in that country in paving the roads. The
streets of Birlningham itself are paved with stones from these
quarries. I ndeed greenstone and basalt co~stitute the very
best materials for mending roads, and last 80 much longer
than the flints employed for that purpose in the neigbbour-

imposed from the 8tair-lilce appearance which some of the most remarkable
of the Swedish trap rocks exhibit.

• 01 these, 8erpentiM and diallage rocks are Dot usually reckoned trap
rocks. But I place them here from their analogy with the otbers, aDd
because I conceive that they 'owe their origin to the same cause u the
traps, Darnely, heat.

t Beudant has shown that greenltone is usually a mixture of felapar,
albite, amphibole, and sometimes of pyroxene, and even of other minerals.
&e his analyses, Ann. del Mines (second series), v.300.
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hood of London, that Mr. Macadam is of opinion, they are
worth three times the price of these latter materials.

2. Serpentine, called opAites and variolite, by the French, is
a well characterized mineral, which has been described in a
preceding part of this work. Serpentine rocks are all massive
without the least indication of stratification. We have two
localities of serpentine rock in Great Britain; namely, the
peninsula of the Lizard, in Cornwall, where it is associated
with greenstone, and occurs in clay slate rocks; and Portsoy,
in Banffshire, where it occurs in granite. It is a common
rock in various parts of Italy, particularly near Genoa and
Turin. In France it is rare, but it is found at Aheille, near
Limoges, and in the Pyrenees. In Germany it occurs at
ZOblitz. In the United States of America, it is found near
New Haven in Connecticut; but the most celebrated locality
is Hoboken in New Jersey, not far from New-York.

3. Diallage rocA, is a mixture of dianage and Sau88urite.
It is called gabbro by the Italians. It. is a beautiful rock,
usually 8880ciated with serpeDtine. Accordingly, it occurs in
the Lizard in the serpentine of that district, and in the ser­
pentine rocks in the north of Italy. From the circumstance
that diallage usually occurs in serpentine, it has been con­
sidered by some 88 crystallized serpentine; but the constitu.
tion of the two minerals is incompatible with that supposition.

4. .Amygdaloid, is a name given to a rock consisting of a .
compact basis, and containing numerous almond-shaped cavi­
ties, usually filled up with minerals, differing in their nature
from the rock in which they occur, and these minerals usually
form groups of crystals more or less perfect; and, what is
curious, water is a very common constituent of these crystals.
The basis is sometimes claystone, sometimes wacke, and ~me­
times greenstone. The minerals contained in the cavities are
calcareous spar, chalcedony, agate, quartz, green earth, and the
whole tribe of zeolites, amounting to not fewer than twenty­
four species. The zeolites always contain water 88 a coosti­
tuent, but the calcareous spar and quartz are anhydrous.

Amygdaloid is a very common rock iD Scotland, in that
part of the country where trap abounds. The hill of Kinnoul
at Perth, is an amygdaloidal rock. It abounds in the Ochils,
and is very common in the Campsie and Kilpatrick hills, and
also in the high country to the south of Greenock.

5. Bfl8alt, is a black compact rock of considerable hardness
and weight. It almost always containa im\)edd~~ 1.'t\\\~' \\\
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olivine and augite, and frequently other crystals. It is tougb,
and answers admirably for mending the roads. Its constitu­
ents, 88 determined by the analysis of Dr. Kennedy,· are

Silica, 48
Alumina, 16
Um~ 9
Soo~ ~ 4
Protoxide of iron, 16
1tIuriatic acid, 1
Wa~~ 5

99
BBMlt and greenstone are usually associated together, and

appear in fact to be little else than two different states of the
same mineral. They have both a strong tendency to assume
a columnar form. Many of the columns at the Giant's
Causeway and Staffa, approach nearer basalt than greeastone.
TheBe columns are usually hexagonal or pentagonal, and the
regularity of the jointing is often surprising. Columns of
basalt are not uncommon in }'ife, and a tendency to the 8alDe
form may be seen in the Castle Hill of Stirling. The BOuth­
ern declivity of Arthur's Seat, near Edinburgh, exhibits the
columnar form in considerable perfection.

6" PurpAlIry ,late, has for its basis the mineral named elid­
,ltme,t (write of the French) from the metallic sound which it
emits when struck with a hammer. It has usually a greenish­
grey colour, though sometimes it is brownish-red. The cross
fracture is dull and splintery, principal fracture glimmering
and slaty. This characterizes clinkstone. This rock containl
in it crystals of glassy felspar, which gives it a porphyritic
structure.

Porphyry slate is common in East Lothian, which is the
only part of Great Britain where I am aware of its existence.
The county in general is composed of new red sandstoDe,
through which a Dumber of conical or round backed hills
make their way, and these hills are either composed of por­
phyry slate, or at least contain it 81 one of their constituents.

• Edin. Phil. Trani. v. 89.
t M. C. G. Gmelin bas shown that clinbtone il a mixture of felspar ad

a zeolite, usuaUy mezotype. Muriatic acid decomposes the zeolite ad
leaves the felspar, which may be afterwards analyzed separately. Four of
theae analytel may be teen in the Annalet dea Miaea (aecond series), \'.
298.
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The" most conspicuous of these hills is North Berwick Law,
constituting so remarkable an object from Edinburgh. This
hill rises from the sea-shore about twenty-two miles east from
Edinburgh, it is conical, and probably 800 or 900 feet high.
It seems composed entirely of clinkstone and porphyry slate,
which sometimes assumes the aspect of claystone porphyry
and sometimes of compact felspar.

Trapren Law is a low round.backed hill situated about eight
miles south of North Berwick Law_ It is about 360 feet
high, very steep on the south and west sides, but much leu
so and covered with grass on the north and east sides" It is
composed of clinkstone, generally porphyritic. It has a slaty
structure, and the position of the slabs is nearly perpendicu­
lar. The slates are thick, and from their splitting in blocks
the south side of the hill has a columnar appearance. The old
castle of Dunbar is situated upon a rock surrounded by the sea,
and about six miles east from TrapreD Law. It is a hard rock,
having the aspect and the metallic sound of clinkstone, but
is so much injured on the surface by the continued action of
the sea, that it is difficult to make out the species of rock of
which it was originally composed. The old pier of Dunbar
is built upon a red coloured stone split into five-sided columns, ..
aod doubtless also a variety o{ porphyry slate. At North
Berwick the porphyry slate is obviously associated with amyg­
daloid, greenstone, and claystone porphyry. The Girleton
hills, situated between North Berwick and Haddington, are
said to be composed also of porphyry slate_ But I have Dot
had an opportunity of examining them.

The constituents of clinkstone, as determined by Klaproth,·
are

Silica,
Alumina,
Lime,
Soda,
Protoxide of iron,
Protoxide of manganese,
Water,

b7-25
23-50
2·15
8-10
3-25
0-25
3·00

98·10
7. Wacke is a soft mineral intermediate between basalt and

clay_ It haa a greenish grey colour, and becomes harder

• Beitrige, iii. ~.
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8. Shale,
9. Wacke,

10. Shale,
11. Wacke,
12. Shale,
13. Wacke,
14. Shale,
15. Wacke,
16. Shale,
17. Wacke,
18. Shale.

when long exposed to the air. It has no luane, bnt before
Ute blowpipe melta like basalt, showing that in ita~
it bears a considerable resemblance to that mineral. It often
contains crystals of hornblende arid mica. When this is the
case it is harder than usual, and approaches somewhat to
basalt in its appearance. .One of the localities where wacke
conld be best seen W88 the Calton Hill at Edinburgh, after it
had been cut through for the new London road, and before
the rock was concealed 88 it now is by the bnildings of the
High School. .

The Calton consists of alternate beds of claystone porphyry,
antof trap tuft'. It is steep and almost precipitoua on the
south, north-west, and north sides, bnt the east side extends
a considerable way, and slopes gradually down into the plain.
This sloping portion is composed of alternate beds of wacke
and shale. The following ideal section of the hill will con..
vey some idea of its structure :-

A. Claystone porphyry,
B. Trap tuff,
C. Claystone porphyry,
D. Trap tuff,
E. Claystone porphyry,
1. Shale,
2. Wacke,
3. Sandstone,
4. Shale,
5. Wacke,
6. Shale,
7. Wacke,

From this alternation of wacke and shale I think it not
unlikely that wacke will be ultimately found one of the con­
stituents of the coal metals rather than be 88sociated with the

trap rocks, to which however it is obvio\1\\\'1 a\!\() t~\a~~.
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8. Trap tuff88 a -rock may be considered as a kind· of coane
aandstone made of portioos of the other trap rocks, basalt,
amygdaloid, sandstone, cemented together by a loose spongy
clayey basis often much iron-shot. The masses vary much
in size, and are often enormous, 80 that the rock cannot be
well studied except in situ.

Beds of trap tuff occor in the Calton Hill at Edinburgh.
The highest part of Arthur's Seat, and a considerable portion
of the south shoulder of that hill are composed of it, also one
of the farthest west of the Ochil hills is likewise partly com­
posed of it, and a fine section of trap tuff is laid open by the
road which passes on the west side of Airthrey to the Sheriff
Moor.

l'hese trap rocks seldom appear in the formations which lie
over the coal measures. l'here are indeed a few examples of
these rocks in the oew red sandstone. Along a line of from
five miles north to five miles south of Exeter, many points
occur in which masses of amygdaloidal trap are found inter­
posed between the beds of the new red sandstone. They are
near the lowest part of the sandstone, but decidedly in it, and
in a conformable position, and oot in the transition beds which
lie immediately below. This rock is granular, has a purplish
brown colour, and contains imbedded in it great quantities of
fragments of calcareous spar and mica slate, sometimes tinged
by copper and sometimes by manganese. The amygdaloidal
cells are filled with oxide of manganese, calcareous spar, and
coarse jasper. The compact portions of this rock fuse l>efore.
the blowpipe, sometimes into a black glass, and sometimes
into a white enamel.

There occurs also a baaaitic dyke near Cleveland, extend­
ing from the coal across the oolitic chains. 1'he great green­
stone dyke in Strathearn, which crosses the road between
Muthil and Crieff passes through new red sandstone.

The great body of trap occurs in dykes which intersect the
coal measures, and have obviously produced great alterati~n8

in the position of the beds. It must therefore have been of
posterior origin, and the example of the Cleveland and
Strathearn dykes proves that sometimes at least;athe difference
of age is very considerable. In the western islands of Scot­
land, Dr. Macculloch has shown that the trap occupies a
position superior to the lias; aod on' the north-east coast of
Ireland we find it lying over chalk. From a.\\ tn\!. \\ \~ \\~-

dent that the irruption of trap rocks must nave Ul.~e~ ~\?I.~~
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during a Yll8t series of ages. Yet, the greatest quantity seelDl
to have made its appearance after the deposition of the coal
measures, and before that of the new red sandstone.

No organic remains, either mineral or vegetable, haTe yet
been observed in the trap rocks of Great Britain. But Dr.
Richardson discovered ammonites in a black rock about four
miles from the Giant's Causeway, which he considered as
basalt, but which in fact has more the appearance of an indur­
ated clay. Mr. Weaver informs us that he has discovered
shells of the terebratula in the greenstone associated with the
mountain limestone of the centre of Ireland. It would appear
from these discoveries, that though petrifactions are very rare
in trap rocks, yet they are not absolutely wantillg.

The trap rocks connected with the coal measures occur in
three distinct modes of position. Two of these appear to
indicate an origin distinct from that of the strata with which
they are associated, while the third countenances the opposite
inference of contemporaneous formation.

1. They occur as overlying masses resting unconformably
on the subjacent strata. This is a common occurrence in the
counties of Edinburgh, Stirling, and Fife, and indeed in the
whole coal country of Scotland.

2. .As dykes irregularly intersecting and traversing the
strata. Numerous examples of this occur in all our coal
fields. And in the same way are they found traversing for­
mations older than the coal. Thus, on the south of Qban
they traverse the transition conglomerate of that country, and
probably also the clay slate, though that is not so satisfactorily
established. A little to the south of Aberdeen there is a
greenstone dyke which cuts through the granite, and may be
traced a considerable way west. A similar greenstone dyke
traverses the granite at Newry, in Ireland.

3. As beds conformably interstratified, and regularlyalter­
nating with the other strata. The great whynsiJl of Northum­
berland and the toadstone strata of Derbyshire illustrate this
case. The whynsill is 120 feet thick, and is said to consist
of a basaltic greenstone. It is the 192d bed from the surface,
and is 840 yards below the level of the height of the Nor-­
thumberland beds.

Between the trap rocks occurring in these three 80 different
positions, no mineralogical or external features of distinction
nave been shown to exist. The eame varieties seem to occur

indi6crimilJlJtely in each.
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When trap exists in beds alternating with, and conformable
to, the beds in which it is placed, it has been asserted that it
il lubject to much greater alterations in thickneSl than is
the case with the other beds. It has also been said that the
metalliferous veins traversing the other strata are themselves
cut off by the trap beds. Hence it has been inferred that they
are of subsequent formation to the beds in which they occur.
But the metalliferous veins themselves are subject to such alter­
ations in width when they p881 through different strata, that it
would not be safe to rely upon these disappearances as a proof
of posterior formation. It may be, as it has been affirmed,
that in these cases the metalliferous veins are not completely
annihilated, but merely reduced to very minute strings.

But Dr. Macculloch has shown in his account of the coast
of Trotternich, in the Isle of Skye, that trap in the same
place may appear in all these three states, and of course that
no conclusion relative to its origin can be drawn from its
position. He noticed a large m881 of trap rising through, and
on one side overlying the sandstone strata. From this mass
a horizontal bed was detached running conformably through
the midst of the strata. This was ultimately divided into
three beds, also conformable, and alternating with the sand­
stone. Dykes also proceed in several places from the single
bed of trap. The following diagram exhibits a section of this
appearance :-

• I

A, m881 oftrap lyingover the sandstone, M. B, a bed of trap
proceeding from A, p88ling in a conformable position through
the sandstone, and finally splitting into the three subordinate
beds, C, D, E; f, g, h, i, dykes of trap proceeding from the
bed, B.

The general opinion of mineralogists is, that trap rocks have
been forced up from below in a state of fusion, and that they
have thus made their way through the beds with which they
are connected. Several circumstances have been pointed out
which strongly corroborate this opinion. orne ~ttaU\ ~t()"O."'\\.

which trap rock. past are generally founel \nc\un.~~ \~ ,,\\~

•
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immediate neighbourhood of the trap dyke; loose grib. p888

into compact quartz rock, and shale into flinty slate. Coal,
under similar circumstances, is converted into coke, 81 if by
the volatilization of its bituminous matter.

The most remarkable trap bed known, is the whynstonesill,
in the Northumberland coal measures. It may be seen near
the lead mines on Dufton fell, upon the great westem escarp­
ment of the mountain range connected with Cross fell. It is a
greenstone bed, composed of white felspar and greenish-black
hornblende, and from the prevalence of the latter it has a
greenish colour. Its thickness is very irregular, being oDly
6 fathoms in some places, and 20 or even 30 in others. This
trap bed is believed to be the same which is laid open to view
in the valley of the Tees. Here it extends from near the
source of the Tees to Eggleston, so that its breadth cannot be
less than fifteen miles. There are several other basaltic or
trap beds ill the Tees, which occasion cascades, but it would
be tedious to enumerate them.

A bed of basalt is penetrated at the depth of 159 fathoms
in the Alston Moor mines. This is referred by the miDers to

.. the wbynsill, but whether correctly or not, is doubtful.
At Wrateh cliff crag, near Alnwick, basalt occurs conform­

ably interstratified with the other rocks. The effects produced
by this basalt upon the contiguous strata are striking. Lime­
stone is rendered highly crystalline, and unfit for lime; slate
clay is converted into a substance like flinty slate or porcelain
jasper, and the coal is invariably charred when in contact with
it. The sandstone on which it reposes has assumed a brick
red colour.

The number of veins or dykes passing through the coal
measures is very considerable, and there is no uniformi~y in
their direction. The circumstances attending them are in
many cases very extraordinary. The most considerable basaltic
dyke in the neighbourhood of Newcastle is that which passes
through Coleyhill, about four miles west of the town. A long
range of quarries has here been opened upon it, in some places
to the depth of 50 feet, and laying bare the entire width of the
dyke, wbich is 24 feet. The dyke in this place is vertical;
the basalt of which it is composed is in detached masses, coated
with yellow ochre. The removal of these brings into view thin
layers of indurated clay, with which the fissure is lined, and
whicb,- breaking into small quadrangular prisms, are used

by the country people for whetstones. \t\ \\\~ ~\\\)\\~~
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clay ironstone, impressed by the figures of ferns, is very
abuodant.

The upper seam of coal is here fouod at about 35 feet from
the surface, and where in contact with the dyke is completely
charred, forming an ash-grey porous mass, which breaks into
small columnar concretions, exactly like the coke obtained by
baking coal in close iron cylinders in the process of distilling
coal tar. Calcareous spar and sulphur are disseminated through
the pores of this substance.

The basalt itself, when broken, is of a greenish-black colour,
and a coarse-grained fracture. It contains quartz, calcareous
spar, and a peculiar mioeral not yet examined chemically.

Passing to the east-south-east of the Coleyhill dyke in
the line of its direction, a vein is found traversing Walker's
colliery, and crossing the Tyne at Walker. This dyke is well
defined. It occasions no alteration in the level of the coal
strata, and the depth at which it intersects them is unknown.
It has been cut through by horizontal drifts in four places.
On each side of it the coal is converted into coke, to a depth
which on the one side was found to be 18 feet, and 00 the
other upwards of 9 feet. A firm, hard and unbroken vein
of basalt, on an average about 13 feet thick, was in immediate
contact with the coke on each side; and between these two
veins lay nodules of basalt and sandstone, upwards of 9 feet in
thickness, imbedded in a cement of blue slate.

At Walbottle Dean, five and a balf miles west of Newcastle,
below the bridge on the western road, a double vein of basalt
crosses the ravine in a diagonal direction, passing nearly due
east and west. It underlies at an angle of 78°, and cuts the
coal strata without altering their dip.· On the eastern bank of
the ravine it is laid bare from the level of the brook to the
height of about 60 feet. The northern and southern basaltic
portions of this vein, the one 5 and the other 6 feet in thick­
ness, are here 13 feet apart, and are separated from each other
by a confused heap of fragments of shale and sandstone, broken
from the coal strata. With these fragments are found balls of
basaltic tufa, parting into concentric layers, and of a light
brown colour. The balls are most abundant 00 the sides of
the rubble near the basalt. In a neighbou~ng colliery both
portions of the vein hold their course through the seam of coal,
which is charred by their inftuence. l'his basalt contains
nodules of quartz and chalcedony, but no adulaTio., ~~\~a \\\

abundant in the basalt of Coleyhill.



220 PORPHYRY AND TRAP BOCKS.

A dyke, called the Cockfield dyke, underlies to the lOuth,
and throws up the coal measures on that side 18 feet. The
low main coal contiguous to the basalt is only 9 inches thick,
but enlarges to 6 feet at the distance of 150 feet from it. The
coal is reduced to a cinder, and the sulphur is Iublimed from
the pyrites near the dyke.

A dyke is seen on the banks of the Tees, a little below
Yarm. It there passes into the new red sandstone, and con­
tiouing its course in the same direction is well known to
traverse the north-eastern part of Yorkshire, near the still
more recent formations of lias, and the sandstone of the inferior
oolite in the eastern Moorlands, on its way to the German
Ocean. This dyke is rendered highly interesting by its. great
lengtb, and the proof it affords, by thus penetrating later rocb,
that it must have owed its origin to causes in action long
subsequent to the formation of the coal. Analogy leads to the
conclusion that the other dykes in the coal are likewise of
subsequent origin. It is a dark greyish brown basalt, which
turns brown on exposure to the atmosphere. It is the prin­
cipal material for the roads in the district called Cleveland.

In Derbyshire the trap rocks occur in a bed alternating with
the mountain limestone, which, by their interposition, they
divide into four separate beds. But other masses of trap, of
more limited extent, are occasionally found contained within
the limestone beds, especially in what is called the third lime­
stone. • An instance of a dyke is also mentioned by White­
hurst. It has not been ascertained whether these occasional
masses of trap be in any way connected with the principal
strata. The upper toadstone exhibits in Hockley lime quarry,
south of Ashover, portions of limestone imbedded in its ID888,

and some other probable examples of the same kind are cited
by Mr. Farey; and Professor Buckland observed the nodules
of limestone thus imbedded to be occasionally surrounded by
a thin crust of fibrous calcareous spar, exactly resembling that
produced in the instances of incipient fusion under pressure, in
Sir James Hall's experiments.

The Derbyshire toadstone is an amygdaloid consisting of a
compact reddish-brown coloured paste, containing nodules of
various sizes, from small granular dots to the size of a hazel
nut, or larger. They consist of whitish calcareous spar and
of green earth. Agates occur sparingly, affording specimens

• They are reckoned {tom \n~ ~\\t~~.
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of onys, chalcedony, jasper and quartz crystals, usually called
Derbg,Aire diamonds; zeolites also occasionally occur. The
decomposition of the imbedded nodules causes the tondstone
frequently to assume a vesicular lava-like character. This
amygdaloid occasionally passes into ordinary basalt, which i.
sometimes columnar, as at Cavedale, near Castleton.

Mr. Whitehurst maintained that the metalliferous veins of
the limestone strata were universally cut through by those of
the toadstone, and produced this 88 a conclusive proof of its
subsequent origin. Mr. Farey admits this to be the general
fact, but adduces several exceptions, mentioning no fewer than
nineteen instances in which the toadstone beds carried ore;
usually, however, only in thin strings. More lately the veins
of the Seven Rokes mine, near Matlock, which had before
been worked in the second and third limestone, have been
pursued with success in the intervening toadstone.·

The average thickness of the first or upper toadstone is
about 60 feet j of the two lower 75 feet each. This, however,
is subject to very great variations.

The district is described by Mr. Farey 88 bounded on three
.ides (south, west and north) by an extensive fault, the effect
of which is in these directions to place the fourth or lowest
limestone on the same level witH the shale, the true place of
which, 88 ascertained on the eastern side, is above the whole
limestone series. Hence, while the three toadstone strata
form nearly parallel bands along the eastern side, where the
beds crop out in regular succession, we must not look for any
repetitio~ of them on the western side, where the lowest bed
is abruptly brought into contact with the shale, necessarily
excluding the intervening beds.

The third toadstone bed occurs on the north-western border
of the district, where it is repeated with an opposite or north­
western dip, underlying the insulated portions of the third
limestone. Of these portions one extends from Dolehole,
about a mile and a half to the eastward, to Sparrow pip, near
the celebrated ebbing and flowing spring. The other includes
the villages of Buxton and Fairfield.

In the north-east the third toQdstone commences on the
border of the limestone tract near Castleton, where it is first

• Mr. John Taylor, in alate communication to the Britilh Scientific Aaeo­
ciatioD, affirms that the vew cODltantly pus through the toadstone, but
that they generally contain no ore. Thi. wu the reuon why they were
eonlidered u interrupted by these toadstone beds.



PORPHYRY AND TRAP ROCKS.

seen in Cowler hins, and then crosses the ravine called C'Av~

dale. Hence it ranges in a sinuous line south-west towards
the river W ye, thence along the country in a 8Outh-w. die
rection to the extremity of the limestone district. The two
other beds of limestone have nearly a similar direction j bot,
of course, are lower in the series. A minute description
would not be understood without a map .of the district j it will
be 8ufficient to refer to Mr. Farey's Survey of DwbyMire,
where the whole course of these beds is particularly detailed.
The subject is highly worth the attention of future observers,
because the assertions of -Mr. Whitehurst, if verified, would
go far to demonstrate the igneous origin of trap.

Several trap dykes occur in the neighbourhood of Glasgow,
o~e in particular about five miles east on the Stirling road,
which alters the dip of the beds on the east of it. After the
particulars given respecting the dykes in tile Newcastle coal
measures it would be tedious to enter into the same details
about the Glasgow dykes and those on the west coast of Ayr­
shire and near Oban, where, however, the nature and efFecl8
of these dy~e8 may be studied with great advantage.

Dykes of trap are uncommon in granite though they some­
times occur in it. I have already mentioned the greenstone
dyke pa.'Ising through the granite a little to the south of Aber­
deen. It disappears, or, at least, cannot be traced beyond
the Brig of ae hair, though probably it extends a considerable
way inland.

Thus, it appears that the trap rocks cut through or overlie
all the formations, from the granite to the chalk; they must,
therefore, have been of posterior formation to all of these beds.
I t is obvious, from the facts stated, respecting the trap dykes
cutting through tbe coal measures, and being covered by the
magnesian limestone, that many of these dykes must have
assumed their present situation before the deposition of the
magnesian limestone; others not only cut through the mag­
nesian limestone, but even penetrate through the lias and the
sandstone of the inferior oolite. It is clear, therefore, that all
the trap rocks were not formed at once, but that the forma­
tion of them was continued at intervals through an immense
series of ages. The porphyries, in general, are probably older
than the great proportion of the trap rocks, though we have
no good data to determine the point.

Trap dykes are not the only foreign matter that may be
seen passing through the regular stratified rocks in a direction
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unconformable to their stratification. Almost all the stratified
rocks, owing, probably, to a force applied to them from below,
and by which they have been elevated from the bottom of the
'Bea to their present height above its surface, have been sub­
jected to cracks or clefts, the two portions having separated
to a greate. or less distance and left an open space. When
this space continues empty it is called simply a cleft, but when
it is filled with extraneous matter, 88 it frequently is, it is
called a vein. Veins then are merely clefts of the strata after­
wards filled up with extraneous matter. Hence it cuts through
the strata of the rock in which it occurs, and it may assume
every possible direction according to circumstanceH j it may
be perpendicular, or it may approach the horizontal, or it may
dip at any angle. In general, veins are widest above and be­
eome gradually narrower as they proceed downwards, though
the very contrary of this sometimes happens, veins being
occasiODally met with widest below and gradually narrowing
88 they approach the surface.

Sometimes two or more veins cut through the same strati­
fied rock at the same time. Thus, in the lead mine district
of the north of England, which is situated in the coal forma­
tion, or at least in the millstone grit and mountain limestone
situated below these measures, the lead ore exists in a set of
veins which run east and west. These veins are commonly
very Darrow while they pass through the sandstone beds, but
in the limestone they swell out frequently to a very consider­
able breadth. These veins are filled with galena, biende,
fluor spar, and occasionally carbonate of iron and calcareous
spar, &c. There is another set of veins running through the
same beds, but their direction is north and south. Now the
north and south veins cut through those that run east and
west; of course they are the newest of the two sets j they
are very seldom filled with lead ore, but often with iron pyrites,
quartz, &c. There is a remarkable north and south vein,
which appears very conspicuous a little way to the east of the
summit of Cross fell. It is filled with quartz through which
a good deal of iron pyrites is interspersed; on that account
this vein is known to the miners of the country by the name
()f the sulpllur vein. In consequence of its great hardness it
bas stood the action of the weather better than the beds
through which it passes. Hence it rises conspicuously, form­
ing a low wall extending a great way in length.

Sometimes the new veins not only cut through the old. a\\~~,
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but occasion a sub8idence of the Itrata on the ODe aide or ..
elevation on the other j or, in other words, they coostitute
what is called a fault. Now as in these cases the old vein,
with all its contents, is elevated or depressed as well u the
strata in which it occurs, it is clear that the old vein mut
have been filled and brought into the very state .. which it is
at present before the new vein was formed.

A great many opinions have been advaDced respecting the
way in which these veins have been formed. An enumeratioa
of a considerable number of these opinions may be seen in
the second chapter of Wemer's well known book. entitled
NttD TAeo'1l of 1M Formation of Yein,. But it is needless to
enter into the consideration of these opinions, as they can
scarcely be considered 88 any thing else than conjectures, on­
lupported by proof. It mUlt be admitted by every penon
that veins were originally clefts in the strata in which they
occur, though it does not appear 80 evident whether these
clefts remained long open, or whether they were filled and
formed almost at the same time.

If we were to suppose that a cleft was formed through a
series of strata while still under the surface of the sea, it is
clear that this cleft would be gradually filled up by the action
of the waters carrying to it the loose matter which existed at
the time at the bottom of the oceao, under which the cleft
was formed. In such ·cases the vein would naturally be filled
by rolled masses or water-worn stones. Now Werner de­
scribes a vein of this kind in Danielstollen at Joachimsthal j

it was in continuing to work out the vein Elias and carrying
on the operation towards the vein Schweizer, that this vein,
consisting of rolled pieces, was discovered at the depth of 180
fathoms. This vein was 14 inches tbick, accompanied the
vein Elias for some time, and was almost entirely composed
of rolled pieces of gneiss of different sizes, some of which had
acquired a shape almost spherical. Werner afterward. met
with a similar occurrence in the Stoil-ReBser, near Bit!geUdDrf
in Hesse, where a vein of cobalt, having a direction nearly
vertical, was intercepted by another vein almost entirely com­
posed of sand and rolled pieces. According to the observa­
tions made by Mr. Schreiber, veins occur in the mountain. of
Chalanches near Allemont, in Dauphine, which are entirely
filled with rolled pieces.·

• Werne.- on Vein. (Engl. Transl.). p. 65.
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When veins have been formed by fused matter forced into
them, it is obvious that they JaU8t have been filled at once,
ud almost always from below. In this way the granite veins
• common iB gDeiu, mica slate, cJar alate, &0., Dave been
formed. To the same origin we must ascribe ~he dykes or
veins of trap 80 common in the coal bed&, and of which 80

lIBDy details haye beeD givren ill a ferlller part of this chapter.
In luch dykes it is DO UDCOmlB8Jl thing to meet with fragments
of the. stratified rock, whieh OODStitutes the walls of the veiu,
isolated in the mid8t of &be trap. I. auat have been forced
oat ef its place by the projectin« force of tJae melted matter,
.-d afterwards eDyeloped in. it.

Bot the molt important veins are those whieh contain the
ores of metals. Almost all the me1BlB- Ute found in vea j

thouglt there are lome, u iron, JDaDg&BeI& aDel, cllyomiom, that
occur in beds, while the gres of others' which.ue SeaNe me_
as thOle of cerium, titanium, columbium, molybdenum, occur in
grains or patches in the elder rocks. The ores of lead, copper,
tin, antimony, zinc, cadmium, bismath, and even of silvert

usually occar in vein&, which traverse sometimes the older and
sometimes the newer rocks. Now these metals rarely occur
in tlle metallic state, but in combinatioD; either with sulphur,
01' Gxygen, or acids. The veins cODQUning these ores, whell
they are of any considerable size, are not all filled with the
metallic portion, but with some other mineral, 8uch 88 fluor
spar, calcareous spar, quartIJ, &c., through which the metallic
ore is interspersed in grains or strings. But sometimes the
8tructure of these veins is of a more complicated natare, being
composed of beds arranged in a direction parallel to their sides;
these beds are often crystallized more or lea regularly,8how­
ing that they have been deposited in 8uccession, and very
slewly. Now it deserves attention that, when vein. are strati­
fied, the same minerals occur on both sides, at equal distances
from the walls of the vein.

Werner gives 88 an example of this structure the mine of
Segea-Gotta in: GNgorifu, in the district of Freyberg. In
it, reckoning from the middle, which· is composed of two
beds of calcareous spar in which small druses occur here and
there, thirteen beds of different minerals are arranged in the
same order on each side of the vein; these are fluor spar,
calcareous spar, sulphate of barytes, galena, &0. In the
southern vein Gregorius, the two beds which adhere to the
sides of the vein are composed of cryltaUi'l.ed ~\\at\'L; u~",-

II. 2
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to that, 011 each aide, is a bed of black blende, mixed with
iron pyrites; this is followed by galena, brown spar, galeoa,
grey silver ore, red silver ore, sulphuret of silver. The cen- ,
tral part, which, of course, has been last filled up, is composed
of calcareous spar. It sometimes happens that one or more
of the different beds are wanting.·

We are not perhaps capable, in the present state of our
knowledge, of forming any very accurate conception of the
way in wbich these veins were filled up. It is obvious, from
the appearaoce of the different beds in the vein, that the filling
up has been a very slow process, and that it probably occu­
pied a long series of ages. It may be conjectured, perhaps,
that the process took place while the beds in which the vein
exists were still under the ocean, that the upper surface of
the vein either never had been open, or that it had been closed
by some unknown meaos, and that the successive deposition
of the beds on the walls of the vein was owiog to a succession
of galvanic actions, by means of which the materials were
gradually brought from a distance, united together and depo­
sited 88 we now find them. Hence, perhaps, the reason why
the nature of veins differ so much, according to the rock
through which they pass. This is admirably exemplified in
the galena veins io the north of England, which are 80 rich
in ore in the limestone beds, and so poor when they paM
through the sandstone and slate clay beds.

The same thing is observed in Cornwall; when a vein
passes through the killas it is rich, but it becomes poor on enter­
ing the granite, and vice verBa. In a part of the parish of
Gweoap there exists a bank of reddish killas very considerably
inclined. rrhe copper veios regularly traverse this bank and
are always unproductive; but they resume their richness in
passing through the common killas. At Godolphin the veins
are rich in the light blue killas and poor in the dark blue. At
Poldice and Huel Fortune the veins become poor in the hard
blue killas. At Huel Squire the veins of copper are very rich
in the 80ft blue killas, but when they pass through two beds
of hard dark killas, the one at the depth of 44 fathoms, the
other of 120 fathoms, they become poor.

Some idea may be formed of these galvanic actions by recol­
lecting, that whenever any agents whatever act unequally
upon a metallic body, as many. piles are formed as there are

• \Verner on Veins, po 83.
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points unequally attached. .Suppose a particle of metal and
charcoal in contact in a vein, while an acid of any kind is
present, or even any imperfect conductor, as water, action
would take place, the compounds within reach of this action
would undergo decomposition according to the usual law;
acids, oxygen, chlorine, &c., would be collected round the
positive pole, while alkalies, and metals, and bases would be
deposited roond the negative. These depositions might give
origin to the formation of calcareous spar, fluor spar, carbon­
ate of iron, &c., on the one .hand, and of 8ulphuret of lead,
sulphuret of zinc, iron pyrites, &c., on the other.

Mr. Robert Fox has lately made some interesting observa­
tiODS on the electro-magnetic properties of vein&. His galva­
nometer consisted of a magnetic needle contained in a box
4 inches square and 1 in depth, round which a copper wire,

· covered with silk, was passed twenty-five times; small copper
discs were placed in contact with the minerals in the mine,
and these, by means of copper wires (sometimes several hun­
dred feet long), were brought in contact with the two poles
of the galvanometer. The following are the general results
of his observations:-

1. In a vein running east and west, the direction of the
current of electricity was usually from east to west when the
vein dipt to the north, and from west to east when the vein
dipt to the south.

2. In the same vein the current generally flows from more
elevated stations to those which are situated at a lower level;
but the contrary takes place when a cross vein of quartz or
clay interrupts the continuity of the vein between the two
stations. .

3. When we compare two veins parallel to each other, the
current flows from north to south more frequently than the
contrary way.

4. At the mine of Huel Jewel a current was established .
between a disc placed at the surface of the mine upon a mass
of ore extracted, and another disc applied to the vein at a
lower level. The upper disc was positive, and the deviation
of the needle increased as the vertical distance of the two discs
was increased.·

Another way in which ~e. stratified veins may be con­
ceived to have been filled 'up is by the filtration of water

• Phil. TOlD!. 1830, 11. 399.
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throU8h tlaem, CODtainiog in solution the lubstancee eonafitut­
i.g the beds of the vein. In this way we ma)' 8CCOUM for
the deposition of bella of quarb, mlcarefMII spar, aad evea ef
carbonate of iron.

Whetaer lOme of the metallic orel may Ilave heeD forced up
&em beloW' in a liquid 8ta~e we have no means of determiaiow
at preaeDt, though ~hi8 hal heen a favourite opinieo of geolo­
ptl in aU ages. I' is clear that this cannot be the ease with
Itratified veins, nor with veios fiUed with fragments of rocks
or water-worn pebhles. VeiDs foreed up frolR below in a
state of fusion mast fill the cavity with matter of the ......
kind, or if there be any difference it mQlt proceed &om IUb­
sequeD~ crystallization. Now there are very few metalliitr­
.us yeins .., eoineide with ,laese aecessary appearances.
Some veiBs of hematite, of galena and (If copper pyritelt
WbeD very D81T&W, may be homogeneous. but IIUlpect Dot for
any great length.

CHAP. XVII.

The term volcano is applied to certain mountains which
emit 8I.IIOke from their sumJJ)ig, and occasionally discharge
ashes, Gr atones, or melted stony matter, to which the· name
lava hu been iJivelL Such mouDtains obviously contain aD

immeose quantity of matter. in a state of active ignitioa ., aD

unknown depth below the surface of the earth.
A' what time volcanoes irat made their appeerance on the

surface of the globe we Lave no means of determining; but
that it was at a very remote period is evident from. the nUID~

IGUI extin.ct volcanoes which mU$t have ceased to burn before
tU commeacement of history, since no allusion whatever hu
been made to them in the ~itings of the mos' 8QcieBt authon
with which we are acquainted. The extinct vol~oes in
Italy, in France, in Spain, and 08 the RhiDe, may be men­
tioned as examples.

The two most celebrated volcauoes if) Europe are Vesuvius
and lEtna, and there is every reason for believing that botb.
these mountains had been in a burning state at a very remote

period; but no notice is taken of Vesuvius 88 a burning
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inoontain, by any anciellt writer, prior to the great eruption
on the 24th of August of the year 79 of the Christian era, 10

minutely described by the younger Pliny.· It mUlt, there­
fore, at that time have renewed its eruptions Uter ~aving con'­
tinued for many agee in a dormant state. Mount lEtna molt
have been a bumibg mountain at a very remote period of the
history of the earth, yet DO allusion whatever to lEma 88 a
buming mountain is made by Homer. This could scarcely
have been the ease had this mountain been in a state of acti.
vity in his time. An inspection of the mountain leaves DO

doubt that eruptions of lava had taken place from lEtna loog
before the time of Homer, who is u8ually supposed to have
flourished about nine hundred years before the Christian era.
But it is probable that for a long period before the age of
Homer it had remained in a quiescent state. The conse­
quence of this would be tltat in that rude "state of society all
recollection of former eruptions would be lost j and hence,
doubtless, the reason of the silence of Homer. The earliest
writer by whom the volcano of lEma is mentioned is Thucy­
dides, who says, that up to the date of the Peloponnesian war,
which began in the year 431 B.C., three eruptions of
Mount .mtna had taken place since Sicily WBI peopled by the
Greeks·t

The earliest volcanic eruption upon record is that by which
the cities of Sodom and Gomorrah were destroyed, if we admit
with Dr. Daubeny the very probable conjecture, strengthened
by the present aspect of the country, that the destruction of
these cities was occasioned by a volcanic eruption.t Now,
this happened about 1960 years before the commencement of
the Christian era. How far the state of Mount Sinai, thus
described in Exodus-

" And it came to pass on the third day, in the morning, that
there were thunders and lightnillgs, and a thick cloud UpOIl

the Mount •••••• , and Mount Sinai was altogether on a
smoke, because the Lord descended upon it in fire: and the
smoke thereof ascended 88 the smoke of a furnace, and the
whole Mount quaked greatly."§-

How far this state of the Mount was connected with volcanic
eruptions, it would he presumptuous to conjecture; but it is

• Plinii Epist. lib. vi. epilt. 16 and 20.
t Thucydides Hist. lib. iii. 6, 116.
t D.a~D}', on VolC&DoeI, p. 279.

I. ,
\
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certain, from the observations of Burkhardt, that abundance of
extinct volcanoes exist in the Peninsula of Mount Sinai.

The number of volcanoes at present in a state of activity is
verY considerable, and shows how great an influence volcanic
agency has had in elevating the mountains. The number of
volcanoes at present or very lately in a state ofactivity, amounts
to about 220. Of these an interesting account may be found
in Von Bach's Memoir On 1M Nature ofeM Yolcan.ic AppetII'­
aacu in. Me Canary I,laruh, and tAeir CmafteZion tDitI& 1M otMr
Yolcanoe, Oft 1M Surface of tAe BartA.· I shall satisfy myself
here with a bare enumeration of the active volcanoes, with the
existence of which we are at present acquainted.

In Europe there are thirteen volcanoes, viz.:-
1. lEtna,
2. Vesuvius,
3. Stromboli,
4. Volcano,
5. Volcaoello,
6. Santorino, in the Archipelago,

12. Hecla, and other five volcanoes in Iceland,
13. Jan Mayer, in Greenland.

The volcanoes in the islands connected with Mrica (for
non'e have been obse"ed on that continent itself), amount
only to five j though, if we were to include the extinct volca­
noes, they would be much more numerous. These five exist
in Teneriffe, the Canaries, Azores, Cape de Verde, and the
Isle of Bourbon. Their names are

1. Teneriffe, in the Canaries.
2. Lanzerote, in the Canaries.
3. Fogo, in the Cape de Verde Islands.
4. EI Pico, in the Azores.
5. Bolazes, in the Isle de Bourbon.

The volcanoes in Asia, and the many islands connected with
that continent, are very numerous, upwards of 130 having
been obse"ed, though many of these are very imperfectly
known.

From Bruce's account, it would appear that t\VO volcanoes
exist in islands in the Red Sea. It is said also that two
active volcanoes exist in central Tartary, and a third in the
Himalaya mountains; but the exact situation of tbese volca­
noes has not yet been pointed out.



VOLCANIC ROCKS. 231

Three volcanoes exist in Karntschatka, and eleven are enu­
merated by Von BllCh as existing in the Aleutian islands,
which lie between Northern Asia and America. There are
thirty-seven volcanoes in the Kurile and Japanese islands, and
one in the Island of Formosa. Ten volcanoes are enumerated
88 occurring in the Australian islands; thirteen in the Island
of Sunda; twenty-nine in Java; six in Sumatra; sixteen in
the Philippines, and five in other islands scattered over the
surface of the Pacific Ocean.

'fhe volcanoes connected with the American continent in
activity amount to about seventy-four. Of these, ten exist in
the West India islands, to which the name of Antilles has been
given; sixteen are in Chili; sixteen in the province of Quito ;
twenty-seven in Guatimala; and five in Mexico.

South Shetland, about 100 nearer the pole ~an Cape
Horn,' appears to be a volcanic country. No actual erup­
tions have been observed; but Mr. Wetister informs us that
several of the peaks still smoke, and that it abounds in hot
springs.-

No doubt this number, great 88 it may appear, will be
augmented when the interior parts of Africa and of New
Holland become known. The preceding list is made out
chiefly from Von Buell's Memoir, formerly mentioned, and
from Dr. Daubeny's excellent work on Volcanoes.t Probably
some of the volcanoes enumerated, especially in Java and some
other of the Asiatic islands, may not at present be in a state of
activity, as that circumstance is not always noticed by Horsfield
and Raffies, from whom chiefly the list drawn up by Von
Buch is derived.

Numerous 88 are the volcanoes at present in activity, those
which have been extinct for many ages, or whicb in all proba­
bility had finished their eruptions before the earth became fit
for the habitation of man, are not less so. One of the first
districts containing these extinct volcanoes noticed by geolo­
gists is situated on tile left bank· of the Rhine, not far from
Coblentz. A pretty keen controversy respecting the nature
of this district, occupied the German geologists for more than
half a century, and 1189 been at last decided in favour of those
wbo ascribed the origin of· the rocks which cODstitote the
peculiarities of the district to the action of extinct volcanoes.

• Webster's Narrative, vol. i. p. 152.
t A d6lcrjption of active and estinct Volcanoes, \,\\\)\\t.\\~a. \u \%'}.~h
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2,293 English feet.
3,041
2,641
2,907
3,461
2,792
2)497

As many u five distiDCS craters have been obeerved, most of
which are DOW filled with water, aDd CODItitute Jakel. There
are two f'olcaoic dWrietll, called the upper EiAI and the low.
Eisel; tile former is at lOIIe distance frOBl the Rhille, bat the
latter il1IpOIl the left bank of that river, between the Mozelle

.aod the Abr. The VObDlc rocb of this district COYer •

greywacke bed, whick occasioaally alternates with limeetone.
Tile lavas GOlI8ie' of lOoritB, trachyte and b.-lt, together wi~
abundance of a matter called in that country IrtJu. Ita basis.
eomposecl of pumice, in which are included fragmeDta of bualt
and otber lavas, pieces of burnt abale, alatA! and saudstoue, ucl
Dumeroul truDb and branc_ of trees. Th888 laftl are
depoaited oa rocks containing lignite, in which five difFerent
species of extinct fish, and an extioct epeeies of frog, haft
been discovered. Hence the age of these extinct volCSD0e8
is uncertain, but Mr. Lyell is inclined to consider them _
belonging to the eocene period."

The extin~ volcanoes of Auvergne have acquired Itill
greater celebrity than those on the Rhine. The YOlcaoie
appearances in that country are so obvio1ll that they have
been generally admitted by all geologists who visited it, ud
denied only by tho,se who never had an opportunity of eDID­

ining them. Delmarest, Dolomieu, Von Buch, D'Auba.
lon, Lyell, Scrope, have described them in succession, 8D4l
proved incontrovertibly the existence of extinct volcanoes in
that country. The volcanoes exist in three different plaeea,
namely, Auvergne, Cantal and Velar. Auvergne contains two
distinct volcanic tracts, namely, Monts-Domes and Mon...
Dores. The Cantal lies south from Mont D'Or, and Velar
east from Cantal, and separated from it by the river Allier.
The following table exhibits the heights of &he principal
volcanic rocks of that country, determined barometrically by
Me Ramond :-t

Cap de Prudelles,
Montrodeix,
Lafont de l'Arbre,
St. Genes Champanelle, •
La Serre de Fontfrede,
Le Puy Giron,
Gergovia,

• Lyell'. Geology, iii. 200.
tJoar. del Mines, Div. 249.
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Mont Rognon, . 2,339 English feet.
Lea Cotes de Clermont, 2,090
Cbampturgues de Clennont, 1,854
Poy de CorDon, 1,766
Montaudou, 1,96l)
Le Puy de Charade,' 3,018
Gravenere, 2,723
Le Pay de Ia Vache, 3,894
Le petit Puy de Dome, '.,190
Puy de Parioa, -4,009
Puy de Goules, 3,803
I.e Grand Sarcooy, 3,793
Le Puy de Dome, • 4,846

The volcanic matter so abundant in these countries consists
partly of scoriae, and partly of bualt and felapar porphyry.
The basis of the whole tract is granite. The yolcanic matter
was probably situated below the granite, and forced up through
it by the action of fire.

The volcanic country in the neighbourhood of Olot, in
Catalonia, has not acquired so much celebrity 88 the two pre­
ceding tracts, though not le88 entitled to attention. It WIll

tint noticed by.Mr. Maclure, and has been accurately described
by Mr. Lyell.- It extends about fifteen miles from north
to lOuth, and about six miles from east to west; Castle Follet
and the river Fluvia being at the north end, while it extends
lOuth nearly to Amer on the river Ter.

The eruptions ha~e burst entirely through secondary rocks,
eODsisting of IBDdstone and conglomerate, with some thick
beds of limestone. At the southern boundary of the volcanic
country, rocks .of gnei-, mica elate and clay slate occur.
There are about fourteen distinct cones with craters, besides
several points whence lal'BS may have issued. The volcanic
matter consists of IOOrim and lavas, which frequently put on
the appearance of columnar basalt.

The extinct volcanoes in Hungary have also occupied the
attention of geologists, and various notions were advanced
respecting their origin. But the most complete and Bltisfac­
tory account of them has been given by Beudant.t There
are five different places in Hungary in which extinct vol­
canoes occur.

The first is the distriet of 8chemnitz abd Kremnitz, occu-

• Geology, ill. J81. t VOllge en Hongrie, 3 ~o\a. 4.\0. ~~\~~ ..
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pying an elliptical space of about twenty leagues in its great­
est diameter, and fifteen in its smallest. The second is a
smaller group on the south of the preceding one, constituting
the mountains of Dregeley, near Gran, on the Danube. The
third is the mountain group, known by the name of Matra,
situated in the heart of Hungary, and east from the preceding
groups. 'The fourth is a chain which commences at Tokai,
aud extends north to the heights of Eperies, in length from
twenty-five to thirty leagues, and in breadth about five or aiL
The fifth or last region of extinct volcanoes in Hungary is
that of Vihorlet to the east of the preceding, and connected
with the trachytic mountains of Marmorosch, on the borden
of Transylvania..

These several groups are quite unconnected with each
other, and every particular mountain appean to have beeD
separately formed, for their escarpments rarely correspond,
80 that they cannot be viewed as detached portioDs of one
general bed cut away by the operation of subsequent C&UIeI.

The lavas from these extinct volcanoes consist of traeby~ of
which Beudant distinguishes and minutely describes five
different varieties. These are trachyte, trachytic porphyry,
pearlstone, millstone porphyry, and trachytic conglomerate.

Extinct volcanoes occur also in Transylvania, which have
been described in considerable detail by Dr. Bone. Those in
Styria have been described by Von Buch.·

In Italy a gr~at number of tracts occur where volcanoes
now extinct have once existed. Of these tracts an interesting
account will be found in Dr. Daubeny's work on Volcanoes.t
I shall satisfy myself here with barely enumerating the names
of the principal districts. These are,

1. The Euganian hills, south of Padua, exhibiting a
trachytic tract not unlike that of Hungary.

2. The Vicentio, north of Vicenza, partly trap, but also
exhibiting volcanic rocks. :

3..Monte Cimini, Monte Amiata, the former near Viterbo,
and the latter near Radicofani.

4. The lagunes of Tuscany.
5. The neighbourhood of Rome. The Capitol, Mount

Aventine, and Mount Celius, are capped with a volcanic rock,
to which the Italian geologists have given the name of
stonetuff, while the MODS Esquilinus, Mons Viminalis, Mons

• TraDSBction, of the Berlin Academy, 1818-21. t P. 113, &c.
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Quirinalis, and Mons Hincius, consist of earthy tuff. The
reat of the formations of Rome consist of marl, sandstone, and
travertin; the two former of which have been formed under
the sea, and the latter in a fresh water lake.-

6. Rocca Monsina, south-west of Mola de Gaieta, near
the river Garigliano, the ancient Liris.

7. The Ponza islands on the coast of Italy, opposite Ter­
racina and Gaieta.t

8. Mount Vultur, near Melfi.
9. Lago di Ansanto, between ~IouDt Vultur and Rocca

Monsina.:I:
10. Solfatara between Monte Nuovo and Pozzuoli, near

Naples.
11. Lake Agnano and Grotto del Cane, the Lake Aver-

nus.
12. Monte Barbara, the Gaums of the ancients.
13. Islands of Procida and Ischia.
In the Grecian Archipelago abpndant remains of extinct

volcanoes occur. Santorioo has been already enumerated
among the active volcanoes of the present day, because about
the beginning of the last century an actual eruption took
place. The island of Milo is generally admitted to show
unequivocal proofs of being an extinct volcano. The same
remark applies to Cerigo and Lemnos. .

Extinct volcanoes exist also on the western coast of Sar­
dinia, for an account of which we are indebted to Captain
Smyth. The volcanic matter has been deposited on tertiary
beds, and the cones and lavas seem to be very fresh.

The Canary Islands, Madeira, the Cape de Verde Islands,
and the Azores, exhibit abundance of extinct volcanoes, .for
an account of which we refer the reader to Von Buch, Dau­
beny, and Lyell.

The islands of Ascension, Sa:. Helena, and Tristan d'Acunha,
are extinct volcanoes.

The mountains of the Isle of France cODsist of extinct
volcanic matter, and the same remark applies to a portion of
the Isle de Bourbon, while in another portion of that island
an active volcano exists.

It would be tedious to enumerate the numerous traces Qf

• Thc reader "ill find an excellent account of the geological structure of
Rome, chiefly by Von Bueh, in Poggendorft"1 Annalen, xri. 1.

t See Poulett Scrape, Annals of Philosophy (aecond eerics), viii. 65.
t This is the vaney or lake of AlIlIUlctua of Vifi\\. &ue\l,\\b. Th..\ ..~~.
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extinct volcanoes which have been observed in Arabia, Patel­
tine, Syria, Asia Minor, and in the Andes of South America,
where also abundance of active volcanoes exist. Indeed, if
Humboldt's remark, tbat no mountain exism In America
higber than 10,000 feet, which is not volcanic, be true, by far
the greatest portion of the Andes must be ranked among
extinct volcanoes.

The matter ejected from volcanoes is usually called ,.,.,
when it bas issued in a melted state, and been consolidated
either under the surface of the lea or by exposure to the
atmosphere. When detached ltony fragments are ejected,
which are afterwards cemented together, the rock thus fOTlDed
is called tuff. And when matter is ejected in the state of
powder or dust, it is called DAle,.

Lava, by modern geologists, has been recognised 88 eon­
sisting of two distinct substances, namely, trachyte, and "'fJ5­
Btoru!, and baIIalt.

The name tracAy~· was applied by Hauy to a kind of por­
phyritic lava, having for its basis a paste of felspar. And the
term, of late years, chiefly in consequence of the writiDgs of
Von Buch, has been generally adopted by geologists. The
name is obviously derived from the harsh and rough aspect of
the lava to which it is applied.

Trachyte, as has been already observed, consists of a paste
of felspar filled with crystals of glassy felspar, often cracked.
It sometimes contains crystals of hornblende, mica, iron
pyrites, and specular iron ore. More rarely augite, and mag­
netic, or titaniferous iron ores. Before the blowpipe it melts
into a wAite enamel. This is characteristic of trachyte. The
fe13par paste is often white, but not always 80, having some­
times a deep or almost black colour.

The most minute account of trachyte hitherto giyen to the
world is by Beudant in his description of the extinct volcanoes
of Hungary. Dr. Daubeny has given an excellent 'abridg­
ment of this account in his work on Volcanoes.t

According to Beudant, there are five different varieties of
trachyte, which he distinguishes by the names of trachyte
proper, trachytic porphyry, pearlstone, millstone porpA1J11I, and
tracAytic conglomerate.
. Trachyte, p'roperly 80 called, is distinguished by its por­
phyritic structure, by the ICorified and cellular aspect which
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it hal a tendency to assume, by its harsh fee~ and by the pre­
seBee of crystals of glassy felspar, gen.erally cracked, -.nd
IIQmetimes passing into pumice. Crystals of mica and horn­
blende are often present; and all these crystals are either
confusedly united without any cement, or by the iDtervention
of a paste of felspar, sometimes compact and sometimes cellu­
lar. 'fhis paste is generally light coloured, though different
shades of red and brown are sometimes communicated by UOD,
and there is one variety in which the paste is blQ£k and semi­
vitreous, iDtermediate in its characters between pitchstone and
basalt; but distinguished from both by melting before the
blowpipe into a white enamel Augite and titaniferous iron
frequently occur in it, but olivine is very rarely, if ever, pre­
lent.

TracAvtic porpA1I"1I' is distinguished from the first variety
by the absence of scormed substances. Neither hornblendet

augite, nor titaniferous iron, enter into its composition; but
quartz and chalcedony, which are wanting in the former, are
~oDly present in this species. According to Beudant.
~ere are two varieties of tracbytio porphyry, the ODe with
and the other without quartz, and in both, specimens occur
possessing a vesicular structure. Indeed the subspecies, which
is without quartz, often pal8es into pumice. Many va,ieties
of trachytic porphyry contain a Dumber of very small globules,
which seem to consist of melted felspar, having often in their
centre a little crystal of quartz or mica. The assemblage of
these globules, leaving miDute cells between them, sometimes
gives to the rock a scoriform appearance. The chalcedony
often occurs in small geodes and sometimes intimately mixed
with the paste in which the crystals are imbedded.

Pearlstone, is characterized by the vitreous aspect generally
belonging to its component partL Tracbytic porphyry passes
insensibly into it. Pearlatone, properly so called, and like­
wise obsidian and pitcb8tone belong to this variety. Pearl­
stone occurs usually in Hungary, while obsidian, 88 we learn
from Sir George Mackenzie, is common in the Iceland lavas.
Pearlstone, in ita aimples~ form~ presents an assemblage of
globules, from the size of a nut to that of a grain of sand,
which have usually a pearly lustre and scaly aspect, and are
set 88 it were one upon another, without any substance inter­
vening.

From this, which is the moat cbarac~ristic variety, the rock
p_s through a Dumber of gradations. In aome \\\~ ~\\\\)~\~..
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are destitute of lustre, and become more and more minute tili
they entirely disappear, and the whole mass puts on a 8toD)'
appearance. Sometimes the pearlstone p88Ses into pitchstone
or obsidian. Sometimes globules consisting of felspar occur
in the rock, which are either compact or radiated from the
centre to the circumference, and these are sometimes 80

numerous that the whole mass is composed of them. All
these varieties occasionally present a cellular, porous, spongy,
and fibrous aspect, and p888 into pumice.

The mills~ tracA1Jte is distinguished by its hardness and
cellularity, qualities which have caused it to be employed all
over Hungary for millstones. Hence the name given to it
by Beudant. It abounds in quartz, or at least in some of the
modifications of silica; and puts on either the appearance of
hornstone or of claystone porphyry. The paste is always dull
and coarse looking. Its colours vary from brick-red to green­
ish-yellow; its fracture is generally earthy, and its hardness
variable, but usually considerable. It contains crystals of
quartz, of felspar, lamellar, and sometimes glassy, and of black
mica imbedded. Jasper and hornstone also occur in nesta, or
in small contemporaneous veins very abundantly disseminated,
and siliceous infiltrations posterior to the formation of the
rock, seem likewise to occur among the cells, which are every
where distributed. By the assistance of a glass, many little'
globules, analogous to those in the pearlstone, seemingly· of a
felspathic nature, may be discovered. These, when broken,
are found to contain in their centre a little crystal of quartz,
or a speck of some siliceous substance. These globules in
some cases compose the whole substance of the paste, in 'others
they are held together by a sort of hardened clay, whicb here
and there resembles porcelain jasper.

The fifth variety, called by Beudant trachytic conglomerate,
consists ot those heaps of pumice and other loose materials
which occur agglutinated together on the slopes and at the
base of the rocks belonging to the four preceding classes.
Although the prevailing constituent is pumice, every rock
existing in the neighbouring hills is met with among the frag­
ments. These vary extremely in size as well as in the mode
of aggregation. The cement which unites them is often of a
porphyritic character, hardly distinguishable from the frag­
ments themselves. Crystals of felspar, mica, and bornblende,
and sometimes grains of titaniferous iron, are diffused througll
it, or it is coloured red by the peroxide of iron.
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The fragments of pumice are united together, either im- .
mediately or by the intervention of a paste of a vitreous cha­
racter resembling obsidian, into which the pumice passes insen­
sibly. Sometimes the whole rock is decomposed and con­
yerted ~to an earthy matter, similar to the trfU8 of the Eisel
volcanoes, or the tripoli of those in Auvergne. By a still
farther alteration, the mineral called alUmBtone is formed, which
is employed in the manufactory of alom, both in Hungary
and in the Roman states at Tolfa.·

Although trachyte be one of the commonest appearances
which lavas put on, it is not the only one. Several of the
streams of lava from Vesuvius, as those of 1760 and 1794,
resemble basalt exactly in colour, fracture, hardness, and
weight. I have specimens of lava from the same volcano,
which cannot be distinguished from ordinary greefUJtone, being
like that rock, composed of grains or crystals of hornblende
and felspar. -Amygdaloidal rocks are not wanting among these
lavas, and the vast number of crystallized minerals found in
such rocks has been long known to mineralogists.

Tuff, or Tuft, iI an Italian name for a variety of volcanic
rock, of an earthy texture, seldom very compact, and composed
of an agglutination of fragments of scoria) and loose matter
ejected from a volcano. Tuff may be studied to great advan­
tage in Rome and its environs. What occurs in that locality
hu been divided into Btone tuff and granular tujJ:

Stone tuff constitutes the summit of the Tarpeian rock of
Mount Aventine and Mount Celios. Its colour is reddish­
brown with orange streaks, proceeding from interspersed
masses of pumice. It is earthy and almost conchoidal in its
fracture, and hard enough to be employed as a building stone.
It contains white mealy leucites, plates of brown mica, crys-

• Trachyte being in fact a compound rock, little advantage can be
espected to result from its analysis. The following table exhibits the ana­
lysis of two varieties or it from Puy de Dame Rnd Pertuis, by Berthier_t

Silica, 65-5 _ 61-0
AluDlina, 20-0 • 19-2
Potash. 9-1 • 11-5
Lime, 2-2 •
Magnesia, 1-6
Oxide of iron, • S·O _ 4-2
Water, _ 2-0

99-8 99-5

t Ann_ de Chim_ et de llbys. X~\\. t\b.
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tala of black and green pyroxene, and very rarely small graioa
of felspar. Here and there rounded and angular £ragmen_
of limestone occur in it. Sometimes the grains of which it ia
composed are 80 small, that it appears a homogeneous IDIII,

excepting that fine scales of mica may still be dis&iJaguiahed
in it.

The atone tuff occurs a~ Rome, in beds &om I to 6 feet
thick, peDetrated by long, vertical, and sloping clefts, formed
probably during the drying of the m888. The fine graouJar
variety, in conaequence of the position of the scales of mica,
has commonly a slaty strocture. The ancient ElVIICIB are
chiefly composed of stone tu~ probably quarried from &he
Capitol. It occurs also in the walls of the theatre of Marce1­
lus and in other buildings.

Granular tMff, differs much in its appearance from stolle
tuft: It has a blackish-brown or yellowish-brown colour, iI
light, friable, and is composed of thick grains slightlyagglu­
tinated together, intermixed with scales of mealy leoeite,
fragments of augite, scales of mica, and occaaionally pieeea of
blackish-grey lava. Sometimes i~ pots on the appeanmee of
a porous pumice lava, to which the Italians gave the IllUDe of
lGpillo. The degree of hardnees, and the colour of granular
tuff vary very much, according to the degree of decompositiOD
which it has undergone. Sometimes it has quite the chuacter
of Japillo, being only a little less dry and meagre to the feel,
or it is exceedingly friable, loses its porous texture, and
888umes an earthy aspect. When much acted on by raiD
water it assumes the aspect ofclay, which adheres to the tongue
and becomes plastic when moistened. In such cases the leucite
disappears, but the augite and mica may still be distinguished.
It is of this earth that bricks are made at Velletri, at the foot
of Mount Artemisio. At St. Agatha in Campania it is em­
ployed for making stoneware vessels.

When this tuff is decomposed in a very great degree it COD­
stitutes a peculiar variety, to which Brocchi has given the
name of earthy tuff, tufa te"osa. It is of a yellow colour,
extremely light, and 80 friable that it readily crumbles to dust,
which absorbs water with a hissing noise and gives out a
strong earthy smell Tbis tuft' cODstitutes the whole of
Mounts Pincius, Quirinalis, Viminalis, Esquilinus, and the
greatest part of Mount Celius and Aventinus.

What is called ashe, consists of a very fine powder, which is
emitted frequently during volcanic eruptioDs in immeDse
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quantities, and sometimes it is carried by the wind to an im­
meD88 distance. I have a quantity of alAe. which covered
a ship at the distance of two hundred miles, during the great
eruption in St. Vincent&, in the year 1812. The nature of
these ashes is not always the same; it doubtless varies accord.
ing to the nature of the rocks in which the volcanic energy
exists•

. Volcanic eruptions most commonly proceed from the sum­
mits of conical mountain&, composed entirely of lava, and
therefore formed by successive eruptions. Hence, at the com­
mencemeDt, the probability is that no mountain existed, bu~

that the eruption originated from level ground. The indica­
tions of an approaching eruption are earthquakes, frequently
very severe, subterraneous noises, and violent bellowings.
And in the neighbourhood of Vesuvius, an approaching erup­
tion is always indicated by the wells becoming dry. Soon
after, the smoke, which issues continually from the crater of a
volcano, increases in intensity, and rises in the form of a
vertical column, the upper part of which, in consequence of
its weight, spreads out intO a top, which has been compared
to the head of a gigantic pine-tree. This tree agitated by
the wind, assumes the form of a thick cloud, which traDe­
ported to a great distance, leaves here and there large masses
of smoke.

The progress of the combustion is announced by the pro­
jection of ashes, scorim, and red hot stones, which rise to a
great height and fall back again either into the crater or on
the sides of the mountain. At last a quantity of melted lava
rises to the top of the crater, and flows down the sides of the
mountain like a melted metal. Before the eruption, the lava
fills the crater, having a vast quantity of 8corim floating on its
surface, and as it alternately rises and falls, the scorim appear
and disappear at intervals.

Tile lava at last passes over the brim of the crater, runs
down the side of the mountain to the bottom; there it spreads
out assuming a progressive motion. In general, it flows from
under a kind of crust formed by the portion at the surface
becoming consolidated. As it advances, it destroys and enve­
lopes every thing which it meets witb on its passage, passes
over the obstacles which it cannot remove, spreads over the
cultivated fields, frequently for leagues in extent, and carries
desolation and destruction whereyer it goes.

When the lava confined in the crater is too eaU\va~\ ~'t\~

l~ K
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heavy to make its way to the summit, one or more rUplures
frequently take place on the sides of the mountain, whence it
,issues with phenomena similar to tb08e already described.

Nothing approaching to regularity has been observed in the
intervals between the eruptions of the same volcano. lEtna
and Vesuvius are the only two with whose eruptions, (or a
long series of ages, we are acquainted. From the description
of Vesuvius given us by the ancients, and from the observa­
tions of Diodorus SicuIu&, there can be no doubt that it had
been in an active volcanic state at a very remote period.
And Vitravius, when speaking of the Puzzolana near Naples,
which he supposes to haTe been formed by heat, notices a
tradition, that Vesuvius also in former times emitted flames.·
But it had remained quiet for so long a period, that DO idea
of its volcanic nature seems to have been entertained by the
Romans previous to the tremendous eruption of the year 79,
which proved fatal to the elder Pliny, and which has been 80

minutely described by the younger Pliny.
The earliest eruption of Mount lEtna is that mentioned by

Thucydides, which must have taken place about 480 years
before the commencement of the Christian era. The following
table exbibits the different eruptions of these two mountains
which have taken place since these remote periods.t

rUtmitu.
B.C.
480, or thereabouts.
427
396

185 eruptions between the Eolian islands, according to
Pliny, 200 B.C.

140
135
126 or 125

91 eruptions in Ischia.
56
45 or 44
A.D.
40

• See Daubeny on Volcanoes, p. 149.
t The table is taken from Dr. Daubeny on Volcanoes, p. 214, who

extracted it with 80me few additions, from Hoft (h,cAichu tier Veran­
aer.,,§_ tIer BrdoberjlacAe.
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251

812
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..lEma. Ye",,,itu.
A.D.

79
203

512
685

983
993

1036
1049
1138, or 1139

1169, February 4
Between 1198 and 1250

1198, the Solfatara inflamed.
1284 I

1302, eruption of Epomeo in Ischia.
1306

1329, June 28
1333
1408, November 9
1445
1446
1447, September

1500
1535, March till 1587
1538, 29th September, formation of Monte Nuovo near Paz­

zuoli.

1633, February 22
1645, November
1654

1566
1578
160S, July
1607
1610, Feb.
1614, July 2
1619
1624

1

Ie·ontiDuance
of small erup­
tions during
this interval.

1631, December 16

,.l . 1660, July
1669, March 8



A.D.
1682 August 12
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A.D.
1682, December
1688
1689, March 14
]694, March to December, 1694, Marcb 12, with feeble

(only ashes) recurrence of action till
1698

1701, July 2 till 15
1702, March 8

1707, May 20 till August
1712 Feb. 18, eruption con­

tinued till the following
year

1717, June 6, continued 81

before
1723, November, beginning

of the month

1735, October, beginning of
the month

174i, Sept., volcanic action
continued for some years

1755, March 2
1759

1763, June 19
1766, April 27

1780, May 18
1781, April 24

1787, July 28

1727, July 26
1730, February 27

1797, May 14

1751, October 25
1754, December 2

1760, December 2S

J766, March 25
J767, October 23
17iO
1778, September 22
1779, August 8

1783, August 18
1784, October 12 and Dec.
1786, October 31
1787, December 21
1788, July 19



1794, June 15

1799, February
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~. Y~vi,".

A.D.
1789, ~ptember 6

A.D.

)798, June
1799, June
1800, February 27
1802

1792, March

1809, lvIarch 27

1811, October 28

1819, May 29

1830, May 20

1804, Aug. 12 and Nov. 22
1805, July
1806, May

] 809, December 10
1811, October 12

1811, December 31
1813, May to December
1817, December 22 to 26
1818
1819, April 17

1819, November 25
1822, February 13 to 24
1822, October 22
1828, March 14 to 22

1834
1835, March 13

With respect to the origin of volcanoes, no theory even
entitled to the name of plausible has been hitherto offered.
Lemery ascribed the commencement of the combustion to the
action of water upon iron pyrites, or upon a mixture of suI.
phur and iron. But the phenomena of volcanoes are utterly
inconsistent with such an hypothesis. It is true that sulphur
is pretty frequently emitted from the craters of volcanoes,
showing that some combination of it exists under the earth at
the place where the volcanic fire rages. But the evolution of
sal ammoniac, boracic acid, and of prodigious quantities of
carbonic acid, shows that the combustible materials are differ­
ent from iron and sulphur.

Breislac's hypothesis is merely a modification of that of
Werner. He suggests that volcanoes me.1 anw.e itaU\.U\~
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of petroleum colJected in underground caverns, and set on fire
by lome third substance. In his opinion, certain combioatioDl
of phosphorus, or even of sulphuric acid, may occasion &be
commencement of the comb_OD. And he eonsiden &he
contlagratioD8 which occasionally occur in the coal mines, u
proving that such 8ubstances do in fact occasionally take fire.
But the vutness of the phenomena, and the very great depth
at which the burning matter is situated, are quite incompatible
with such an origin. .

Werner's hypothesis, ascribing volcanoes to the buming of
coal, is not reconcileable to facts known respecting the great
depth of the volcanic foci below the surface of the ground,
though the nature of the gaseous matters given out from vol­
canoes rather favours the notion that carbon, in some state or
other, is one of the substances subjected to combustion. Dr.
Daubeny condenled a portion of the vapour given off round
the crater of the Island of Volcano, and found it to contain
lulphurous acid. The vapour from the Solfatara of Puzzuoli
contained sulpburetted hydrogen. The vapour condensed
from the spiracles on the exterior of the crater of lEtna con­
sisted of water, with a trace merely of muriatic acid. .M.
Boussingault has examined the nature of the elastic ftuids
disengaged from the volcanoes in South America, situated
near the equator, and found them the same in all: namely,
vapour of water, carbonic acid gas and sulphuretted hydrogen.
Sometimes azotic gas and sulphurous acid gas occur; but
these two gases are accidental. The azotic gas comes from
a mixture of common air, and the sulphurous acid from the
combustion of the vapour of sulphur which abounds in all
volcanoes. The following table shows the names of the
volcanoes, their height above the sea, and their latitude and
longitude from Greenwich:-

Namee of Voleauoel. Heilbt aboft Latitude. Lonattade.the sea.

FeeL
ToUm&, · · · 18,045 4° 35' N. 76° 30' 40" W.
Azufral of Quindiu, At the base of Tolima.
Purac8, · · · 17,008 20 20' N. 78° 50' 4()J' W.
Puto, . · · · 13,452 1° N. 79° 84' 40" w.
Tuqu~res, • · · 12,821 0°
CumbaJ, . · · 15,620 0°

The gaseous matter issuing out of Tolima contained 0·14
ofcarbonic acid gas. It containeda.bout '\~\"t)~ a\ \u. '()\~'\\\~
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of sulphuretted hydrogen. No other acid except sulphuretted
hydrogen could be detected.

The gaseous matter issuing from the Soufriere of Quiodiu
consisted of 95 per Clnt. of carbonic acid gas, and only b per
cent. of common air. The sulphuretted hydrogen amounted
to about yt/uutb part.

The gas from Purace contained 85 per cent. of carbonic
acid gas, and 15 per cent. of common air, with a trace of
sulphuretted hydrogen.

'fhe constitution of the gaseous matter from the other
volcanoes was found quite similar to that from the three
volcanic sources just mentioned.-

From these experiment&, there can be DO doubt that carbonic
acid is evolved in cODsiderable quantity, at least from the
volcanoes in South America, which are situated in the neigh­
bourhood of the equator. Another constant ingredient in the
elastic matter given out by volcanoes is vapour of water.
This seems to be a constant and even essential constituent.
Doubtle81 the volcanic force which produces earthquakes,
rumbling noise, eruptioDs of lava, and heaving up of the solid
pbrtioDs of the crust of the earth, owes its energy, at least to a
coDsiderable extent, to the high temperature to which the
water in contact with the burning lava is raised. It has been
a general opinion, that no volcano can exist in an active state
unless it be situated in the neighbourhood of water. Most of
the volcanoes with which we are familiar are not far from the
sea; but if the report respecting the existence of two active
volcanoes in central Tartary be true. it is obvious that a
maritime situation cannot be essential, though it is not unlikely
that these inland volcanoes may be near a lake, which might
aoswer all the purposes of a proximity to the sea. I am
disposed to ascribe the energy of volcanoes in a great measure
to the action of steam, and so far to admit that the presence
of water is essential to that energy.

In the year 1700, Lemery published a TAeory of Yolcanoes,
which was long considered satisfactory. He mixed together
equal quantities of iron filings and sulphur, moistened with
water. Fifty pounds of this mixture contained in a large
pot was put into a hole in the garden, covered with a linen
cloth, and then with earth to the height of abou~ a foot.
After an interval of eight or nine hours the earth was observe(l

• ADD. de ChilD. et de Ph". u\. ~.
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to swell, to become hot, and to crack; then sulphurous and
hot yapours issued from it; finally flames made their appear­
ance, which enlarged the opening, and scattered round &he
place a yellow and black vapour.· From this experiment
Lemery concluded that volcanoes were owing to the heat
produced by the action of moist sulphur and iron on each
other. In such an action the water is decomposed, and the
sulphur acidified, and the iron oxidized. Sulphuretted hydro­
gen would be emitted, and perhaps also vapour of water;
but we would look in vain for the source of the carbonic acid,
of the muriatic acid, and of the sal ammoniac, which are 10

frequently observed to accompany volcanic eruptions.
Sir H. Davy, after his discovery of the metallic nature of

potassium and sodium, and of the great combustibility of these
bodies, conceived that the phenomena of volcanoes might be
accounted for by supposing that the internal parts of the earth
are composed of potassium and sodium, and that violent eom­
bU8tioD8 are produced when water comes in contact with these
very combustible metals; and Gay-Lussac extended this
plausible explanation still farther, by supposing that not only
potassium and sodium, but calcium, magnesium, aluminum,
and silicon, may all exist in the interior parts of the earth, and
may also occasion violent combustions when they come in
·contact with water; but neither the specific gravity of the
earth, nor the nature of the elastic fluids emitted by volcanoes,
will permit us to adopt this hypothesis. Weare too imper­
fectly acquainted with the phenomena of volcanoes, and with
the nature of the gaseous matters which they exhale, to be in
a condition to form even a plausible hypothesis respecting the
origin and cODtinuance of these very formidable objects.

CHAP. XVIII.

OF THE ELEVATION OF MOUNTAINS.

WHEN mountain chains are composed of stratified rocks, 8S is
frequently the case, these strata are usually very much inclined,
and sometimes almost vertical. This has led modern geolo­
gists to adopt an opinion first advanced by Dr. Hutton, and

" Hi.toire de I'Academic Royale. ~iem~, \'OO,~ .. \~~.
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evenuously supported by Mr. Playfair, that these strata were
originally horizontal, and that they owe their inclined or
vertical position to their llaving been elevated by a force
acting from below. Against the sides of these inclined strata

--.. it is usual to find other stratified rocks abutting, and which
occupy a horizontal position. It is difficult to avoid concluding
from these phenomena that the mountain chains so circum­
stanced were elevated and brought into their present position
before the horizontal beds abutting against them had been
deposited. Thus, for example, if a range of mountains com­
posed of the different beds belonging to the oolitic formation,
placed in an inclined or vertical position, be abutted against
by horizontal beds of the green sand or chalk formations, it is
inferred that the oolitic mountains were elevated before the
deposition of the green sand or chalk. If mountains composed
of inclined beds of red sandstone formation be abutted against
by horizontal beds of the oolitic formation, it is coneluded that
the red sandstone mountains were elevated before the deposi­
tion of the oolitic beds. Humboldt, Von Buch and some
others of our most eminent geologists, have examined the
different mountain ranges of Europe, and have concluded that
they may be separated into three or four different systems,
distinguished by the nature of their constituents, and by the
bearings of their component parts to any assumed meridian.

M. Elie de Beaumont has carried his generalization much
farther, and has concluded that each of these great systems of
mountain chains, marked on the map of Europe by given
parallel lines of direction, has also a given period of elevation,
limited and defined by direct geological observation. All
those chains which have been elevated at the same time are
parallel to each other. Hence by determining the parallelism
of cbains we ascertain those which were elevated together;
while the nature of the horizontal beds leaning against these
inclined strata, enables us to determine the relative age of the
elevation of each of these chains, and thus to deduce the order
in which these mountain chains were raised into their present
position. It will be proper to give a view of these different
systems of mountain chains, which amount to twelve in
number.

1. The oldest mountain chains with which weare at present
-acquainted are those in the south of Scotland, the north-west
of England, Wales and Cornwall. The lake mou.nta.it\~ \.~

Cumberland bave been investigated with much ¥k~ \\1\~\~-
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dustry by Professor Sedgwick; be has shown that they rail
(rom N. E. t E. to S. W. t W. They consist of slate roeb,
and obviously lie under the coal beds which abut against their
sides. Sedgwick has shown that they were elevated before
or during the period of the deposition of the old red sand­
stone. Other circumstances lead to the conclusion that they
were elevated before the deposition of the newest of the tran­
aition, namely, the 'frilobite limestone of Dudley and Torts­
worth.· The chain of mountains running, in Scotland, from
St. Abb's Head to the Mull of Galloway, or rather to Loch
Ryan, is parallel to the Westmoreland chain and of the same
age. The greywacke chain in the Isle of Man, and the chaina
of slate rocks in Anglesea and North Wales, and even in
Cornwall, rUD in a parallel direction, and are, doubtle88, of
the same period. On the continent the mountain chains of
HundsrUck, of the Eifel, Nassau and several portions of the
Vosges have the same directioll and are of the same age.

2. The ,eccmd 81J,tma consists of the Belchen mountains in
the Vosges and the Hugel in Calvados. It would appear from
a careful examination of the Westmoreland mountains that
they were elevated before the deposition of the newer mem­
bers of the slaty series. The transition mountains in the
south of Ireland, described by Weaver, appear to have been
elevated at a somewhat later period than those in Westmore­
land and Wales and the south of Scotland. Those of Hugel,
in the Bocage, and those constituting the south-east corner of
the Vosges appear to belong to the same era with those in the
south of Ireland. The direction of these mountaill chains is
north-east and south-west.

3. Tbe lAird mountain chain in the order of time is that
which runs from the border of Scotland through the north of
England, as far as Derbyshire and Yorkshire. This moun­
tain chain, distinguished by the Romans by the name of the
Penine Alps, consists of stratified rocks belonging to the lower
part of the series of the coal beds, and is surrounded in almost
every direction by the great coal formation of the north of
England. This mountain chain runs very nearly due north
and south, inclining a little, however, to the north-west and
south-east direction.

It is not probable that this mountain chain is isolated. M.
Elie de Beaumont is of opinion that the problematical rocks
which cut through the coal formation of Shrewsbury and Coal­

brookedaJe, the Malvern hilla ann the 'tO~K'6 ..\\\~n \~"t~'t,~
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the eoal formation of Bristol in a north and south direction
beloDg to the same period.

4. The fourtA 81J,tem of mountain eAain, constitutes the
mountains of South Wales and of the Netherlands. From
the neighbourhood of Aix la Chapelle to the small islands in
the Bay of St. Bride in Pembrokeshire, constituting a tract
of nearly five hundred miles in length, we find the different
beds of the coal formation in every place not covered by some
of the newer formations. There are however parts, 88 at
Liittich, Mons, Valenciennes, Norotingen (in the Boulognais)
and the foot of the Mendip hills, where the most wonderful
contortioDs present themselves to our view.. In a great part
of this tract the same beds appear, which nowhere reach to
any great height, and are covered with newer formations lying
in a horizontal position. The direction of this low chain is
nearly west by north; it consists chiefly of members of the
coal formation. In the neighbourhood of Bristol the magne­
sian conglomerate covers, in a horizontal position, the inclined
beds of the coal formation. At Saarbruck the sandstone of
the Vosges is found in a similar position. Hence the eleva­
tion of the beds of this chain must have preceded the deposi­
tion of the magnesian conglomerate of Bristol, and the sand­
stone of the V08ges.

5. To the fifth system Von Buch has given the Dame of
the 81J6tem oftile RAine. I t consists of two symmetrical moun­
tain chaine, the one constituting the Vosges mountains, and
the other those in the Black Forest. The Rhine Sows be­
tween these ranges, and they enclose the greatest part of the
province of Alsace. They consist partly of the sandstone of
the Vosges, and exhibit great rifts and dislocations, the beds
having been forced out of their original position. The eleva­
tion of these mountain chains must have preceded the deposi­
tion of the new red sandstone, the muschelkalk aod the keuper,
which fill up the interval between them, constituting the Sat
country of Aleace.

6. The BiztA 81JBtem consists of elevations which run in a
north-westerly and south-easterly direction, and which were
elevated between the time of the deposition of the keuper,
which belongs to the new red sandstone formation, and the
Luxemburg sandstone, which belongs to the oolitic formation.

The great oolitic formation, known on the continent partly
by the name of Jura limestone, and partly by that of ~~,\a~~
aud oolite, from the graDular atructule of man, ai \\a \)~~
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was deposited, originally, in almost horizontal beds. It fol­
lows the contour of the sixth class of mountain chains in which
the variegated sandstone, the muschelkalk and the keuper, u
well as all older beds, are obviously elevated out of their ori­
ginal position. The beds of the Jura formation, on the COD­

trary, stretch out in a horizontal position till they abut agaiDIt
the acclivity of the hills belonging to the sixth class, aDd eYeD

cover the upper parts of their inclined beds.
In the interior parts of France, at Avallon and Autun, we

see hills running from the not-th-west to the south-east, and COD­

sisting of granite rocks, of inclined beds of the coal formation,
and of arkose beds of the same age with the keuper. Similar
hills occur in Brittany and in La Vendee; in Germany, COD­

Ititnting the mountains between Bohemia and Bavaria, the
Thuringerwalde and various other ranges of hills in Buony
and Westphalia, very well laid down in Hoffmann's fine map
of the north-west of Germany. This sixth class of mountain
chains has obviously been elevated between the time of the
deposition of the keuper and that of the Luxemburg sandstone
and lias.

7. MallY appearances show that in the interval between
the periods of rest which correspond with the deposition of
the Jura formation and that of the green sand a sudden aod
important change in the nature of the deposits took place;
this sudden alteration appears to correspond with the eleva­
tion of the beds of a system of mountains under which that of
the Cote d'Or in Burgundy, of Mont Pilas in Forez, of the
Cevennes, the heights of Larmac, and even the Erzegebirge,
bet\\·een Saxony and Bohemia, may be reckoned.

The Erzegebirge, the Cote d'Or, the Pilas and the Ceven­
nes belong to a set of elevated beds which have a north-east
and south-west direction, stretching from the mouth of the Elbe
to the canal of Languedoc. A careful examination of these
mountains leads to the opinion tbat they were elevated at once
by the same convulsion of nature. In France the beds of
the Jura formation correspond with the direction of these
mountain chains, while in Saxony the beds of green sand
which abut against the sides of the mountains have a hori­
zontal position. Hence it follows that the Erzegebirge were
elevated before the deposition of the green sand, while the
mountains of the Cote d'Or must have been elevated after the
deposition of the Jura formation. And if all these mountain.
were elevated at one and the lame time,\\ l% o\)no\Y6~\U\;.
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elevation must have taken place between the deposition of the
Jura formation and that of the green sand and chalk.

8. System of Mont Jl'oo. The French Alps and the south­
west end of Jura, from Antibes and Nizza to Pont d'Ain and
Lone Ie Saulnier, exhibit a range of mountains and elevations
running nearly in a north nortb-west and south south-east
direction, and in which the older beds of the green sand for­
mation and the chalk, as well as those of the Jura formation,
have an inclined position. The primary mountain pyramid
of Mont Viso is traversed by mighty dislocations, obviously
produced at the time that these chains of mountains were ele­
vated. At the foot of the eastern crest of Devolny, which
exhibits elevated beds of green sand and chalk, there exist,
Dear the Col de Bayard, north from Gap, horizontal beds of
the same formation, distinguished from the older beds by the
presence of a great number of nummulites, cerithia, ampullarim
and other shells, which must have been deposited long before
the appearance of any of the tertiary formations. It is evident
that the rocks, constituting the Mont Viso system, must have
been elevated in the interval between the deposition of the
oldest and newest of the green sand and chalk beds.

9. System of tAe Pyrenees. The mountain chain of the
Pyrenees runs from Cape Ortegal in Gallicia, to Cape Cross
in Catalonia, from the west north-west to east south-east.
From the observations of several geologists, it appears that
tertiary formations stretch themselves horizontally to the foot
of these mountains without entering into their composition, as
is the case with the chalk. It follows from this, that the
Pyrenees acquired their present position, with reference to the
neighbouring portions of the earth's surface, between the
period of the deposition of the greensand and chalk, which
according to the observations of M. Dufrenoy are found on
the very summits of these mountains, and the deposition of
the tertiary beds of different ages, which that geologist, traced
in a horizontal position to the foot of the mountains.

The mountain chain of the Apennines is parallel to that of
the Pyrenees. We allude to the mountains between Modena
and }"lorence, and between Bari and Tarentum. And the
age of these mountains seems to be the same as that of the
Pyrenees. The Julian Alps between Venice and Hungary,
88 likewise a part of the mountains of Croatia, Dalmatia,
Bosnia, and even of Greece, seem to belong to the same erL

It deserves attention, that a line drawn from \b.~ t\~\~\\\)(\~~
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hood of London to the mouth of the Danube CODStitUtes the
southern boundary of an immense tract of Sat COUDtry, which
is almost every where covered with new formations. This
line is nearly parallel to the mountain chains of the Pyrenees
and the Apennines. It perhaps marks the southern border of
an extensive sea, which at the time of the deposition of die
tertiary beds covered a great portion of Europe. Towards
the south it was bounded by a continent, divided by variOUl
bays, of which the mountain chain of the PyreDees constituted
the highest summit. The fragments of tertiary beds which
have been deposited in the hollows of this contineDt often
run in linee parallel to the direction of the mountain cbaio of
the Pyrenees.

M. Elie de Beaumont is of opinion that the elevation of
the hills in the neighbourhood of Paris and London, and in
the Isle of Wight, took place at the same period with that or
the Pyrenees.

10. System of CorBica and Sardinia. The tertiary beds do
not proceed to any great extent without interruptions. Vari­
o~s such may be observed, all of which correspond with a
range of mountainous heights running in a north and lOuth
direction. M. Elie de Beaumont has concluded, from a care­
ful examination of the tertiary formations in France, that they
are divisible into two series; one of which, consisting of plastic
clay, coarse limestone, and the whole gypsum beds, together
with the uppermost marl, scarcely extends farther south than
Paris; while the other, represented in the north by the sand­
stone of Fontainbleau, the upper fresh-water formation, and
thefalUuna of Touraine, constitutes almost the whole tertiary
formations in the south of France and in Switzerland, especially
the brown coal beds at Fuveau and Kopfnach. The sandstone
of Fontainbleau, lying on the marl of the gypsum formatioD,
constitutes the first bed of this system, just as the sandstone
of the lias lying on the Keuper constitutes the first bed of the
Jura formation. The first stands in the same relation to the
Arkose of Auvergne that the second does to the Arkose of the
Jura formation at Avallone

These two tertiary formations are distinguished by the
fossil remains of large animals which they contain. The
bones of Anoplotherium and Palmotherium found at Mont­
martre characterize the first, while other species of Palaeo­
therium, almost the whole species of the genus Lophiodon,
the whole genus of Anthracotherium. and the oldest species
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of d1e genera mastodon, rhinoceros, hippopotamus, cutor, &c.
characterize the second. •

It is the line dividing these two tertiary formations from
each other, which constitutes the cIa. of mountains which
M. Elie de Beaumont considers as cODstituting his tenth
system. These mountains run in a northerly and southerly
direction. It is the beds of the second set of tertiary de­
posita that constitute the contour of these mountains.

To this system belong the heights of the Loire and the
Allier, with their continuation by Clermont, and the volcanic
rocks of Monts Domes, 80 well described by M. Ramond.
The broad valleys between these ranges of mountains consti­
tute the fresh-water formations of Limagne, Auvergne, and
the large valley of the Loire.

The valley of the Rhone runs likewise from north to louth,
and is to a certain level covered with tertiary formations, the
lower beds of which have much resemblance to those of
Auvergne, and are obviously fresh-water deposits, while the
upper beds belong to a sea-water formation. Here the regu­
larity of the tertiary formations is destroyed by the upheaving
which the surface of the earth has undergone, in consequence
of the elevation of the western Alps, and of the principal
chain of the Alps.

The mountains in Corsica and Sardinia run in the same
direction, and are of the same age. ~Iountains having the
same direction occur also in the Apennines and in Istria, in
Hungary, Servia, Macedonia, and Thessaly. A chain of the
llUDe kind seems to constitute the east coast of the Morea,
and to appear in the island of Candia. The range of Mount
Lebanon, and those heights which run along the Dead Sea
to the borders of the Red Sea appear to belong to the same
era, as may be concluded from the late observations of Botti.

11. Sy,tem of tAe Western Alp,. The elevation of the
western chain of the Alps is manifestly subsequent to the
deposition of that tertiary formation, to which the French
geologists have given the name of moltu,e coquiUie're. This
formation lies Dear LyoDs in horizontal beds, and covers the
primary rocb of Forez. But as it approaches the Alps it
becomes elevated, and at Rigi reaches a height of 6152 feet
above the level of the 8eL Messrs. Sedgwick and Murchison
observed that the chalk and the tertiary beds, which at the
foot of the Bohemian mountains have a horizontal position,
become elevated on the other aide of the Danu\)e, 9.\\~ ~~~~a"t
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at considerable heights in the Alps. Messrs. Murchison and
Lyell have observed that th. tertiary formations in the ltaliaD
side of the Alps have assumed a similar position. And
Messrs. Brongniart and Buckland observed similar formatioDl
in the Diablerets elevated to the limit of perpetual snow.

Though we are accustomed to consider the Alps as consti­
tuting a single and continued chain of mountains, there ean
be no doubt that in reality they constitute more than one
system, differing from each other both in age and in the
direction of the beds. Throughout almost their whole extent,
and especially towards their eastern extremity, we meet with
traces of several small chains which have the direction of the
Pyrenees, and like them have been elevated before the deposi­
tion of the tertiary beds. But these ancient displacementl
are often covered by newer formations. The highest and
most complicated part of the Alps, the portion in the neigh­
bourhood of Mont Blanc, Mont Rosa, and the Finsteraarhoro,
consists principally in the crossing of two of these newer
systems, which meet at an angle of from 45° to 50°, and which
are distinguished from the Pyreneo-Apennine 8)'stem, both by
their direction and their age. In consequence of the two
systems crossing each other, they form at the summit of Mont
Blanc a knee. From Austria to Wallis, the direction of the
beds is E. ! N. E. to W. ! S. W. But at Mont Blanc they
suddenly assume tIle direction N.N.E. to S.S.W.

In the innermost system of the mountain chain, of which
tbe Western Alps are mostly composed, we perceive no newer
beds than those of chalk, while these chains rise from a bottom
which had already assumed an elevated position immediately
before and immediately after the deposition of the chalk;
that is to say, at the time of the elevation of Mont Viso and
the Pyrenees. It is obvious from the appearance and position
of the beds constituting the Western Alps, and of the forma­
tions resting on them, that they were elevated after the
deposition of the newest tertiary formations in the neighbour­
hood.

The beds of molasse coquiUie're are found upon the hill of
Superga, near Turin, and on the west side of the mountain
of the great Chartreuse, near Grenoble. ?\fany other similar
examples might be given, showing clearly that the Western
Alps have been elevated after the deposition of the molas,e
coquiUie're.

12. Sy8tem nf tile high cAai" of tile ~Ip" from Wallu to
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AuIritJ. The valley of the here, of the Rhone, of the Soane,
aDd the Durance, exhibit two very different alluvial formations,
which are well distinguished from each other by their position
and their characters.

The inundations which brought the materi&Is of the first of
these formations, appear to have proceeded from the fresh
water lakes which once covered the northern side of the
departments of the here, and of other places situated in the
departments of the Lower Alps. The materials of the second
formation, on the other hand, appear to have been deposited
from streams which rushed with violence into the Mediter­
ranean. It is usually called a diluvial stream, though it must
have existed before the creation of man, but when other ani.
mals which it destroyed existed on the earth. M. Elie de
Beaumont is of opinion, that it was occasioned by the sudden
melting of the snow on the summits of the western Alps, at
the time when the elevation of the principal Alpine chain
took place. M. de Beaumont deduces from a long series of
observations, that the principal Alpine chain was elevated
after the deposition of the former of these diluvial formations,
and before that of the latter. This he deduces from the hon­
zontality of the latter and the incliued position of the former,
when they are in contact with the beds of this Alpine chain.

Such is a short outline of the opinions entertained by M.
Elle de Beaumont, respecting the relative ages of the different
mountain chains which occur in Europe; hut sufficient, we
trust, to give our readers an idea of his general views. There
can be little hesitation in admitting, that the method of induc­
tion pursued is unexceptionable, and that, provided the obser­
vations on which this induction is founded be accurate, he bas
made out his positions, 80 far as the relative ages of the dif­
ferent mountain chains are concerned. His opinion, that all
of these mountain chains which are parallel to each other,
were raised at once and with violence, does not seem to me
to rest upon loch unexceptionable evidence. The induction
proves only, that each mountain chain must have been ele­
vated after the deposition of those beds that rest against it iu
a vertical or inclined position, and before the deposition of
those beds which abut against it in a horizontal position; but
it gives us no information respecting the time which may have
elapsed between the deposition of the former and the latter.
M. de Beaumont, not satisfied with the Euroilean ~h.-,\'"\\'" ­
applied his opinions to the elevation of mou\\U\.\\\t. \n ~~u~m,

.11. s
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and has indulged in a aeries of soch bold conjectures, that ba
• work like thi!t, the object of which is to lay facti rather tIuua
conjectures or speculations before the reader, we hetlitat.e
about venturing to pursue the subject farther. At the MIll.

time, we strongly recommend M. de Beaumont's views to the
attention ofall practical geologists in their future obeematio-.·

CHAP. XIX.

<.~ONCLUSION8.

THUS we have taken a view of the structure of the whole
surface of the earth, so far as we are acquainted with it.
Before quitting the subject, it will be worth while to take a
short review of the principal facts, in order to discover what
theoretical conclusions respecting the alterations to which the
earth has been subjected since its original formation, they
may enable U8 to draw.

I. The first thing that strikes us is, that all the formations
of which the crust of the earth is composed, from the 'Yery
highest and most recent, down to the very lowest to which we
have access, are composed of regular beds lying over each
other, sometimes exceedingly thin, sometimes of enormous
thickness; but proceeding unvaried for a considerable way.
Such regular stratification can be accounted for only by the
action of the sea. It follows, therefore, that the whole crll8t
of the earth llitherto examined, is composed of strata, which
have been arranged in beds under the surface of the ocean.
Consequently tbe surface of the earth, and ita crust to a cer­
tain depth, presents no rocks or formations identical with tboee
that existed at the original formation of it. The whol~ hal
been disintegrated and new modelled under the waters of the
ocean.

2. Besides the stratified rocks, cOhstituting 80 great • pro­
portion of the earth's crust, there exists another let of rock.
which exhibit no traces of stratification, but which exhibit
very strong indications of having been pushed upwards
from below in a state of fusion, and of haring afterwards

• The reader will find a short but excellent view or the whole subject, in
• letter by M. Elie de Beaumont to M. Von Humboldt, in Poggendorf's
AnDaJen, vol. uv. p. J.
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solidified and crystallized more or less slowly. These are
granite, porphyry, serpentine, the trap rocks, and lavas.
Theee rocks were not all formed at once, Dor under the same
circumstances. They seem to have been protruded occasion­
ally at all times from the deposition of the gneiss, miea slate,
aud clay elate formatiofts, to that of the chalk, and even of the
fresh water formation-a period of immense extent, and to
whieh, indeed, we have no means of 88Iigning any limits.

The formation alld protrusion of these plutonic rocb may
lIave been connected with the solidification and elevation of
the stratified rocks. This solidification and elevation must
have taken place successively, aDd must haTe occupied a very
IoDg period, to which, like the last, we have no means of
aBgning any limits.

3. The gneiss, mica slate, and clay slate beds, contain no
remains of vegetables or animals, though such remains are to
be foaud in all the other formations, exeept the plutonic.
Either no animals or plants existed on the earth at the time
when these beds were deposited at the bottom of the sea; or
if they did, and if their remains were mixed with these beds
at the time when they were depoeited, the agent, (probably
Mat) by meaDS of which these beds were solidified and ele­
vated above the surface of the sea, was powerful eDoogh to
obliterate all traces of fossil remains. The former of these
opinions is much more probable than the latter; for we can
hardly conceive any thing short of fusion to be capable of
obliterating all remains of shells and bones. Bot fUBion
would, at the liame time, have obliterated all traces of stratifi­
cation, which still continues very evident in these rocks.
Indeed, the Jine of demarcation between different beds in
these rocks, is ofteR very distinct. This may be seen iD the
bede of quartz aDd of limestone which occur in the clay slate
moantaiDS of the Grampian..

4. All the formations above tile clay slate, COIIwn fOllila
both of plants and animal8, and from the natUl'e of these fOl­
sila, they may be dirided into several groups.

The firat of these begiDl with the greywacke 8eri~ and
CODli.ta of what are usoally ealled the traruUiora f01'flUlCiou,
'be coal tnetUUru, and the .. red 1fJIId6Iorre; for the f_1e
in all these great formatioD. approach very nearly to each
other. The vegetable fOllils are casts of trees, both monoco­
tyledonous and dicotyledonous, equisetacee, 6\\e~\ &a. ~~"
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one of which is identical with those at present vegetating
upon the earth. From the great size which these f088il plants
attained, compared with the analogous species at present
growing in the torrid zone, it has been coocluded, that when
these formations were deposited, the temperature was much
milder than at present, higher indeed than that of the torrid
sone at present. But nothing can be more hazardous than to
draw such conclusioDs from premises 80 obviously defective.
These plants, for any thing that we know to the contrary,
though analogous to plants at present vegetating in the torrid
sone, may have been adapted for a colder climate; jut u the
mammoth, 88 was evident from the immense quantity of hair
with which the cucase found in Siberia was clothed, W8I

intended by nature to live in the cold climate of the north of
Europe, and Asia and America.

The animal fossils consist of remains of ji,A, hardly any of
which have been determined, and certainly not agreeing with
any species of fish at present known to exist. Zoophyte,
radiaria, annulata, conchifera, mollusca, and crustacea, are
the only other classes of animal fossils that have been o~rved.
No remains of birds, amphibia, or quadrupeds, have ever
occurred in any of the beds, from the greywacke to the new
red sandstone inclusive. The deposition of this 10Dg luite of
beds must have occupied a very long series of years, and
during the whole of it we have no evidence that any land
animals existed, since all the fossils hitherto discovered belong
to sea animals, and, excepting a few fishes, to sea animals of
the lowest class. It is certainly possible that land animals .
might have existed at the time of the deposition of these beds,
though the remains of none of them have been detected; yet
u such remains are found in the beds situated above the new
red sandstone, though wanting in those below it, the probability
lies in the supposition that at the deposition of the whole series
of beds, from the greywacke to the new red sandstone inelUlive,
the earth was uninhabited by quadrupeds, amphibia, or birds,
though it abounded in shell fish, and zoophites and crustaceous
animals~ Now, these are perhaps the very lowest tribes of
animals at present inhabiting the earth. It has been already
observed, that not a single species found f088il in these beds
agrees with any animal at present inhabiting the.sea or fresh
water. Hence it is clear, that at the deposition of these beds
the inlJsbitants of the ocean were entirely different from those
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which it contains at present. To what are we to ascribe this
circumstance? Certainly to some alteration either in the
temperature or the state of the ocean.

5. The second group of fossiliferous formations cODsists of
the oolite, lfhich in England is composed of so great a number
of beds. In them the number of fossils is immense. The
vegetable fossils are not so numerous as in the coal measures,
but more varied. Besides algm, equisetacem and filices, there
are found in the oolite fifteen species of cycadem, five species
of conifene, and one species belonging to the natural order of
lily.

The zoophites, radiaria, and annulata, are exceedingly
~Dumero1ll, and consist in general of species different from those
found in the coal beds, though some are common to both;
even many of the genera are different. The shells are
very numerous, amounting to about. seven hundred and
fifty species, the greater number of which differ from those
in the· coal measures. The ammonites and belemnites are
particularly abundant. But the remarkable circumstance is,
that amphibious animals first make their appearance in the
oolite beds. The crocodile, the meg-etlosaurus, geosaurus,
plesiosaurus, ichthyosaurus, pterodactylus, &c., to the number
of twenty-nine species, have been found, particularly in the
lias and the Stonefield slate. It is unnecessary to observe that
all these species are extinct. Finally, a species of didelphis
or opossum has been found in the Stonefield slate. Remains
of fish and even of insects have been also observed, but
scarcely in a state of preservation sufficient to enable anato­
mists to make out the species.

The deposition of the oolite, then, marks a remarkable era
in the history of the earth. When the beds of which it is
composed were formed at the bottom of the sea, the earth was
inhabited by amphibious animals, some of them of prodigious
lize, and at least one land quadruped of the opossum tribe
existed. The vast size of these animals, similar only to those
that exist at present in the torrid zone, would seem to indicate
that the climate in England, and those parts of France aod
Germany where luch fossils have been found, was much
milder than it is at present.

6. The third group of fOlliliferous formations is the chaIk.
In it the number of fossil plants hitherto observed is but small.
The fossil shells are exceedingly numeroUl, and in general
diWerent from thosc in thc oolite beds, and a\\ ai \\\~m\)~\\\,,~
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to extinct species. But the great tribe of fo.ils which dietin­
guish the chalk are the radiaria, especially galeritee and
spatangi. No quadruped fOllil haa been hitherto met with,
but several amphibious animals, particularly the MOI0881l111S

HoWmanni, a species of crocodile, and lOme other reptilee,
whose genera have Dot been determined.

ThUi the chalk formation was deposited at the bottom of
the sea before any evidence can be produced that the earth
W88 inhabited by quadrupeds, with the single exception of the
didelphis found in the Stonefield slate. All the fOllill fGUlld
in the chalk, and in the formations below the chalk, belOlll
to species of animals and plants no longer existing. Many or
the genera even have perished, and all traces of these anci.eDt
inhabitants of the earth, except what are deducible from their
fOl8il remains, are lost.

7. The formations above the chalk exhibit a new era in the
history of the earth, 88 they contain abundance of the fOllil
remains of land animals, quadrupeds, and even birds. The
formations above the chalk, ulually called tertiary, have been
divided, it will be recollected, into three groups; namely, the
eocene, the mioceae, and the pliocm&

In the eocene formations, which have been examined with
10 much care in the neighbourhood of Paris and of LondoD,
the number of fossil shells which occur is prodigious. Almost
the whole of them belong to extinct species, though there are
a very few which still continue to live in the adjacent leaL

It is in this formation that the fossil remains of two new
genera of quadrupeds have been found, namely, the paho­
tAerium and anoplotAerium j the former of which resembles
the tapir, and the latter the cameL Ten species of the for­
mer genus, and five of the latter, have been discovered by
Cuvier in the gypsum beds near Paris. Three carnivorous
animals have also been found in the same beds. An account
has been already given (p. 85) of the 78 difFerent fOlBil
quadrupeds discovered by euvier in these beds. To tbia
account the reader is referred to save repetition. It is aim.'
unnece888ry to mention, that not one of these species at p~
lent exists. All the fossils belong to extinct species of quad~
rupeds.

Thus when the eocene beds were deposited at the bottom
of the lea, the earth contained quadrupeds 88 it does at present.
and several of these animals were of enormous size. But ~
all the species at that time existing, and even some of the
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genera, were different from those at present inhabiting the
earth, IP1d as almost all the inhabitants of the sea .ve
changed since that period, it is obvious that it must be ex­
ceedingly remote; though we have no data to enable 118 to
form even a conjec:ture respecting the length of time which
bas elapsed since the deposition of these beds. Their eleva­
tion, though long preceding the commencement of history,
most of neceuity have taken place at a later period.

S. The miocene beds lie over the eocene when both occor
together, and therefore are Qewer. Like the eocene beds
they abound in f08lil shen., about one-sixth of which still
exist in the neighbouring seas. They contain also abundance
of fouil bones of quadrupeds, some of which are the same 81

those that occur in the eocene beds, but by far the greater
portion are diWerent. They all belong to extinct specie••
Thua after the deposition of the eocepe beds, a prodigiou.
interval must have taken place before the deposition of the
miocene, since almost the whole inhabitants of the earth had
during it changed their type.

9. The pliocene beds lie over the miocene when both occur
together. ~'hey also contain a vast Dumber of fOllil shells,
about one half of which belong to extinct Ipecies, and' one
half to species still living in the neighbouring seas. Mr.
Lyell is of opinion that many of the extinc~ volcanoes may be
referred to the pliocene period. It is therefore referrible to
• time much posterior to the miocene, thQugh we have no
data to conjecture about dates. Fossil quadrupeds have not
yet been much met with in these beds. Doubtle88 they will
in general belong to extinct genera. But the investigation
of the pliocene beds is still very imperfect, except as far as
,elates to the shells which they contain.

10. Above the pliocene beds, or at least in caverns filled
with mud and stalagmite, occur fOllil bones of animals, the
species of which is now exdnct, though all referrible to exist­
ing genera. The deposition of these bones is, therefore, re­
ferrible to a period of very ancient date, though probably
posterior to the depoeition of the pliocene beds. These
deposition&, to which the term dilufJial has been applied, con­
stitute a tenth era in the history of the earth. The deposi­
tion of the alluvial beds, which is still going on, and in whicla
are fouDd the remaiDa of &he vegetables and ani_ at present
inhabiting the eanh, con,titute8 an eleventh era, to which the
name of 7nodem may be applied.
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We may now sum up the facts which seem to have beeD
ascertained respecting the history of the earth in a few sen­
tences.

When it came originally out of the hands of the Creator it
was in a liquid state, and it assumed its present shape before
it became solid. Hence the axis can have undergone DO

change since the original solidification, and the old notion
entertained by Halley and others about the interior of the
globe being hollow, cannot be correct. The mean specific
gravity of the earth is even incompatible with the idea that
any great portion of the interior is filled with water.
. What was the original structure of the earth after its IOlidi­
fication we have no means of knowing, because all the rocks
which at present constitute its crust have been evidently
formed at the bottom of the 8ea by the destruction of former
rocks, or have been forced up from below in a state of fuion.

Ten different eras may be distinguished during the forma-
.tion and deposition of the beds constituting the crust of the
earth at the bottom of the sea, during each of which the nature
of the vegetables and animals inhabiting the earth underwent
great changes. An immense number of ages mUlt have
elapsed during these successive depositions of strata.

These beds, after having been thus deposited at the bottom
of the sea, must have been elevated by some mighty agent,
and gradually raised to their present height above it. For
the phenomena are inconsistent with the notion of any great
subsidence of the surface of the sea.

There is one other topic to which it may be proper barely
to allude, before bringing this part of the work to a conclu­
sion. I t has been affirmed by some that the discoveries made
by geologists are inconsistent with the Mosaic account of the
creation; and, on this account, attempts have been made by
well-meaning, but ill-advised individuals, to prevent the cul­
tivation of geological science. Nothing can be worse judged
than such an attempt; it is a kind of acknowledgment that
improvement in 8cience is inconsistent with the prosperity of
the Christian religion, and that ignorance is the mother of
devotion. •

These opinions on both sides proceed entirely from mistaken
views. It never was the intention of revelation to teach sci­
ence to mankind. Such a proceeding would have been in­
consistent with the obvious intention of the Deity-that
scientific investigations should occupy mankind, and that pro-
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grea in them should be rewarded by a fe~liDg of happiness
of no ordinary kind, resulting from their successful punuit.

The object of revelation was obviously to teach mankind
their duties to their God, their neighbour and themselves.
Had it displayed more science than existed at the time when
it was made, it would not only have defeated the very object
in view, but it would have been necessarily unintelligible to
those for whom it was intended.

The cosmogony of MOles is nothing more than this: "In
the beginning God created the heavens and the earth;" a
proposition which no man of science can refuse to admit, and
with which all true geological knowledge is perfectly compati­
ble. To attempt to deduce geological theories from the writ­
ings of Moses, is to apply these writings to a purpose for which
they were never intended, and to which they can never apply.

The following table exhibits a view of the fossil plants
hitherto found and classified, arranged according to the forma­
tions in which they occur.

I. FOSSIL PLANTS IN TRANSITION FORMATION&.

1. Dicot,lledonu.
Genus I. Sigillaria tesselata.

Voltzii.
I I. Stigmaria ficoides.

III. Asterophyllites pygmma.

2. Filicu.
Genus I. Cyclopteris tlabellata, Br. lxi. 4, 5, 6.

II. Sphenopteris dissect&.
III. Neuropteris Soretii, Dr. lxx. 2­
IV. Pecopteris aspera.

3. L,Icopodiacem.
Genus L Calamites radiatus, Dr. xxvi. 1, 2.

Voltzii, Br. xxv.

4. Algm.
Genus I. Fucoides antiquus, Br. iv. I.

circinatus, Hr. iii. 5.
deotatul, Br. vi. 9 to l~.

Serra,' Br. vi. 7, 8.
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II. POSSIL PLANTS IN COAL.

1. D,cotpkdorlU.
GeDUI I. Sigillaria alveoJaril.

appeodiculata.
Boblayi.
Brardii.
Candollii.
eaualiculata.
Cortei.
clI8pidata.
Davreuxii.
Dournaisii.
elegaos.
elliptica.
elongata.
hexagon&.
Hippocrepia.
Knorrii.
levigata.
Imvis.
mammillaris.
monostachya, L. and H. lxzii.
Dotata.
oculata, L. and H. lix.
orbicularia.
organum, L. and H. lxx.
pachyderma, L. and H. liv.
peltigera.
pUDctata.
reniformis, Land H. lxxi.
SerliL
8ubrotuoda.
tesselata.
transversalis.
trigona.

II. Favularia tesselata, L. and H.lxxiii. Ixxiv.lxxy.
I II. Stigmaria ficoides.

fucoides, L. and H. xxxi. to xxxvi.
intermedia.
minima.
reticulata.
rigida.
tubercu\~
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Stigmaria Weltheimian..
Genus IV. Bothrodendron pUDctatum,L.and Rlxu.luxi.

V. Pinites Brandlingi, L. and He i.
Eggenaia, L. and H. iiL
medullari., L. and H. iii.
Withami, L aDd H. iL

VI. Knorria tuina, L. and H. xcv.
sellODii, L. and H. xcvii.

VII. Sphenophyllum dentatum.
dilBectum.
emargioatum.
erOlum, L. and R xiii.
quadrifidum.
Schlotheimii.
truncatum.

VIII. Pence Withami, L. and H. Diii. Div. and ~XY.

vii. viii.
IX. Asterophyllitd Brardii.

comosa.
delicatula.
diiFusa.
equisetiformis, L. and He czziv.
foli088•

.galioides.
grandis, L and H. xvii.
hippuroide••
100gifolia.
rigida.
tenuifolia.
tuberculata, L. and H. xiv.

X. Pinnularia capi1lacea, L. and H. exi.
XI. Hippurites gigantea, L. and H. cxiv.

XIL Megaphytoo approximatum, L. and H. an.
distaD&, L. and H. cxvii.

XIII. Halonia tortuosa, L. and H. Ixxxv.
gracilis, L. and H. luxvi.

XIV. Phyllotheca.
XV. AuouJaria brevifolia.

fertiIia.
ftoribunda.
IOQgifolia.
minuta.
radiata.
spinulOBa.
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Genus XVL Bechera grandis.

2. MOIIOCOt1/kdtnIa.
Genus I. Nmggerathia ftabellata, L. and H. xxviii. xxix.

foliosa.
IL Flabellaria bora&lifolia.

III. Cannophyllitel Virletii.
1V• Cyperites bicarinata, L. and H. xliii.
v. Poacites mqualis.

striata.
VI. Sternbergia angul088.

approximata.
distans.

a. Filicu.
Genus I. Cyclopteril dilatata, L. and H. xci. D.

obliqua, L. and H. xc. Dr. !xi.
orbicularis, Br. lxi. I, 2.
reniformis, Br. lxi. his. i.
trichomanoides, Br. lxi. bis. iv.

II. Glossopteris angustifolia, Br. !xiii. I.
Browniana, Br. !xii.

I I L Schizopteris adnucens, Land H. ci.
anomala.

I V. Caulopteris primeva, L. and H. xlii.
V. Sphenopteris acuta, Br. lvii, 6, 7.

adiantoides, L. and H. cxv.
affinia, L. and H. xlv.
alata, Br. xlviii. 4.
artemisirefolia, Br.lvi.andlvii.l, 2.
asplenioidea, Sternb. xvi.
bifid&, L. and H. Hii.
Brardii.
caudata, L. and H. xlviii.
conferta, Stemb. vi. 16.
crenata, L. and H. xxxix. c.
crithmifolia, L. and H. xlvi.
delicatula, Br. Inii. 4.
dilatata, L. and H. xlvii.
dissecla, Br. xlix. 2, 3.
distana, Br. liv. 3.
Duhuissonis, Br. live 4.
elegans, Br. liii. 1\ 2.
fragilia.
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Sphenopteris furcata, Br. xlix. 4, 5.
gracilis, Br. live 2.
Gravenhorstii, Br. Jv. 3.
Hreninghausi, Br. Iii.
latifolia, Br. Ivii. ), 2, 3, 4, 5.
linearis, Br. live 1.
Loshii.
nervosa, Br. Ivi. 2.
obovata, L. and H. cix.
obtusiloba, Br. liii. 2-
rigida, Br. liii. 4.
Schlotheimii, Br. li.
stricta, Br. xlviii. 2.
tenells, Br. 1tlix. 1.
tenuifolia, Br. xlviii. I.
trichomanoides, Br. xlviii. 3.
tridactylites, Br. L
trifoliata, Br. Uii. 3.
Virletii,·· Br. lviii. 1, 2.
multifida, L. and K cxxiii.

Genus VI. Neuropteris acuminata, L. and H. lie Br. lxiii. 4.
acutifolia, Br. lxiv. 6, 7.
angustifolia, Br. lxiv. 3, 4.
auriculata, Br. lxvi.
Cistii, Br. lxx. 3.
conferta, Stemb. xvii.
cordata, L. and H. xli. Br. !xiv. 5.
crenulata, Br. Jxiv. 2.
decurrens, Stemb. xvii.
elongata, Sternb. xvii.
ftexuosa, Br.lxv. 2, 3, and lxviii. 2.
gigantea, L. and H. Iii. Br.lxix.
Grangeri, Br. lxviii. 1.
heterophylla, Br. lxxi. and Ixxii. 2.
Loehii, L. and H. xlix. Br. lxxii. I,

and lxxiii.
macrophylla, Br. lxv. 1.
microphylla, Br. lxxiv. 6.
oblongata.
obovata, Sternb. xvi.
plicata, Sternb. xvi.
rotundifolia, Br. \~~. \.
Scheuchzeri, 'Bt. ,,~\\\. 'a.
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Neuropteris Soretii, L. aDd H. I.
tenuifolia, Br. lxxii. 3.
Villiersii, Br. lxiv. 1.

Genus 'TIL. Pecopteris abbreviata.
adiaotoides, L. and H. xxxvii.
aftlnll, Br. c. 2, 3.
aquilina, Br. xc.
arborelCeos, Br. cii. and ciii. I.
argots, Br. cviii. 3.
upera.
aspidoides, Br. cxii. 2.
blechnoides.
Brardii.
Backiaodi, Br. xcix. 2.
Olndolliana, Br. c. 1.
ciItii, Br. ciii.
conchitiea.
arenulata, Br. lxxxvii. 1.
criltata.
eyathea, Br. ei. 1, 2, 3, 4.
Davreuxii, Br. luxiL
Defranaii, Br. exi. and exii. I.
gigantea.
Grandini, Br. xci. 1-4.
bemiteJioides, Br. eviii. 1, 2.
heteropbylla, L. and H. xxxviii.
Lepidorachis, Br. ciii. I, 5.
loncbitis, Br. !xxxiv. 1-7.
loagifolia, Br. lxxxiii. 2.
Mautelli, Br. !xxxiii. 3, 4.
marginata.
Miltoni, Br. cxiv.
oe",ol&, L. and H. xciv., Br. xciv.

and xcv. I, 2.
Nestleriana, Br. cxii. iv.
obliqua, Br. cIvil 1-4.
oreopteridis, Br."civ. I, 2, and ev. I,

2, 8.
ovata, Br. cvii. 4-
platyrachis, Br. ciii. 4, 5.
Pluebenetii, Br. cvii. I, 2, 3.
Polymorpha, Br. cxiii.
pteroic\es, 1\t. e~.
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Pecopteris repanda, L. and H. lxxxiv.
Sauyeurii, Br. xcv. v.
Schlotheimii.
Serlii.
Serra, L. and H. cvii.
sinut&, Br. xciii. 3.
laciniata, L. and H. cnii.

VIII. Odontopteri8 Brardii, Br. luv. and lxxvi.
crenulata, Br. hxviii. I, 2.
miDor, Br. lxxvii.
obtusa, L. and H. xl.
Schlotheimii, Dr. luviii. 5.
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4. LrcofJOdiacetlJ.
Genus I. Lycopodites affiois.

filiciformis.
Gravenhorstii.
Haminghausii.
imbricatus.
phlegmarioides.
piDiformis.
teDuifolius.

I I. Selaginites erectus.
patens.

III. UlodendroQ majns, L. and H. v.
minus, L. and H. vi.

IV. Lepidophyllum, 5 species.
V. Lepidodendron acer08um, L. and H. vii.

aculeatum.
Bobleyi.
Bueklandi.
emlatom.
carinatum.
conftneos.
cordatum.
erenatum.
distan••
dubiam.
elegans, L. and H. cxviii.
emarginatum.
gncile, L. and H. ix.
Harcourtii, L. at\~ ~. '1~~\\\.

xcix.
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Lepiflodendron imbricatum.
insigne.
lanceolatum.
beve.
laricinum.
lineare.
longifolium.
majus.
obovatum.
Ophiurus.
ornatissimum.
omatum.
pulchellum.
Rbodianum.
rim08um.
rug08um.
selaginoides.
Stembergii.
tuifolium.
tetragonum.
transversum.
trine"e.
Underwodii.
undulatum.
varians.
ve008um.
Volkmannianum.

5. Equi8etacetB.
Genus I.- Equisetum dubium, Br. xii. 17, 18.

infundibuliforme, Br. xii. ] 6.
II. Calamites approximatus, Br. xxiv. xxv. 7, 8.

cannmformis, L. and H.lxxix. Br. xxi.
cistii, Br. xx.
cruciatus, Br. xix.
decoratus, Br. xiv. 1 to 5.
dubius, Br. xviii. 1 to 3.
Mougeotii, Br. xxv. 4, 5.
nod08us, L. and H. xv. xvi. Br. xxiii.

2 to 4.
pacbyderma, Br. xxii.
ramosus, Br. xvii. 5, 6.
Ste\nhauen, \\t. ~.,\\\. , ..
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Genus

Genus

Genus

Genus

Genus

Genus
11.

Suckowii, Br. xiv. 6, and xv. 1-6,
and xvi.

uDdulatus, Br. xvii. 1-4.

6. C01ffervacuee
I. Confervites thoremformis, Br. ix bis. 3, 4. ·

7. Fucacetz.
I. Fucoides.

Only the ODe I found in Ayrshire.

III. PLANTS'IN NEW RED SANDSTONE.

I. Bicotyledtmu.
I. ·Jaglans.

II. lEthophyllum stipulare.
III. Echynostachys oblongus.
I"? Cupressites UJlmaoni.
V. Voltzia acutifolia.

brevifolia.
elegaos. .
heterophylla.
rigida.

2. Monocotykdones.
I. Convallarites erect&.

numos.
II. Paleoxyris regularis.

3. Filicu.
I. Sphenopteris myriophyllum, Dr. Iv. 2.

Palmetta, Br• Iv. I.
II. Neuropteris Dufre8DOii, Br. lxxiv. 4, 5.

elegaos, Br. lniv. I, 2.
Gaillardoti, Br. !xxiv. S.
Voltzii, Br. !xvii.

III. Pecopteris Sulziao&, Br. ev. 4.
IV. Anomopteris Mougeotii, Br. J.uix. lxxx. Inxi.·
V. Filicites 8colopendroides.

VL Calamites areoaceus, Br. xxv. 1 and xxvi, 3, 4, 5.

4.. FucacetB.
1. Fucoides Brardii.

T
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Fucoides digitatus.
frumentarius.
Iycopodioides.
pectinatus.

IV. PLANTS IN OOLITE.

1. Bicotyledone8.
Genus I. Stigmaria. Mammillaria DesDoyersii.

II. Peuce, several species.
III. Tautes podocarpoides.
IV. Thuytes acutifolia.

cupressiformis.
divaricata.
expansa.

V. Zamia acuta.
elegans.
Feneoois.
Goldimi.
bevis.
longifolia.
Mantelli.
patens.
pectinata.
pennmformis.
Youngii.

VI. Zamites Bechii.
Bucklaodii.
hastata.
Lagoti&.

VII. Pterophyllum comptum, L. and H. Ixiii.
minus, L. and H. lxvii.
Pecten, L. and H. cii.
Williamsonis.

VIII. Nilsonia. Two species in the sandstone of the
lias. ".

IX. Cycadeoides. Two species in the l'ortland
stone.

X. Araucaria peregrina, L. and H. lxxxviii.
XI. Dictyophyllum rug08um, L. and H. civ.

2. Monocotyledones.
Genus I. Zosterites. One? species in lias.
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II. Bueklandia squamosa.
1II. CteiJis foliata.
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Genus

3. FUices.
Genus I. Cyclopteris Beanii, L. and H. xliv.

digitata, L. and H. hiv. Br. Ixi bis.
2, 3.

IL Glossopteris Nilsoniana, Br. lxiii. 3.
Phillipsii, L. and H. lxiii.

IlL Sphenopteris crenulata, Br. lvi. 3.
dentieulata, Br. In. 1.
hymenophylloides, Br. In. 4­
Williamsonis, Br. xlix. 6, 7, 8-

IV. Pecopteris Beaumontii, Br. exii. 3.
dentieulata, Br. xcviii. 1, 2.
Desnoyersii.
insignis, Land H. evi.
Meriani, Br. xci. 5.
nebbensis, Br. xcviii. 3.
polypodioides, L. and H. Ix.
Phillipsii, Br. cix. I.
Reglei.
tenuis, Br. c. 3, 4.
Whitbiensis, Br. eix. 2, 3, 4.
WllUamsonis, Br.c.I, 2, L.and H.126.
propinqua, L. and H. cxa.
undans, L. and H. cxx.

V. Pachypteris lanceolata, Br. xlv. 1.
ovata, Br. xlv. 2.

VI. Tmniopteris Iatifolia, Br. luxii. 6.
major, L. and H. xcii.
vittata, L. and H. Isii.

VII. Clathropteris, I species.
VIII. Neuropteris arguta, L; and H. ev.

ingens, L. and H. xci. A.
ligata, L. and H. 1m.
recentior, L. and H. !xviii.
undulata, L. and H. lxuiiL

IX. Sole~itel Murrayana, L and H. czD.

4. L1JCO]JOdiDatz. . .•~ .
I. Lycopoditel foliatus, L. and H. lxL

Williamsonia, L. and a zciii.
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Genus II. FAJuisetum columnare, Br. xiii. 1-6.

5. FucacetB.
Genus I. Fucoides Brardii, Br. H. 8-19.

digitatus, Br. ix. I.
enCC21ioides, Br. vi. I, 2.
frumentarius, Schlot. uviii. I.
furcatus, Br. v.I.
Lyeopodioides, Br. ix. 3.
orbignianus, Br. ii. 6, 7.
peetinatus, Schlot. xxvii. 2­
Selaginoides, Br. ix. 2.
eepteotrionalis, Br. ii. 24.
Stockii, Dr. vi. 3, 4.

v. PLANTS IN GREEN SAND.

1.~.

Genus I. Zamia macrocephala, L. and H. CXXy.

2. Monocotyktlona.
Genus I. Zosterites, 4 species ?

II. Clathraria Lyellii.

3. Filicu.
Genus I. Sphenopteris Mantelli.

II. Pecopteris ReichiaoL
III. Loochopteris Mantelli.

4. FNcoidu.
Genus I. Fucoides aequalis, Br. v. 4.

difformis, Br. v. 5.
intricatus, Br. v. 6, 7, 8.
recurvus, Br. v. 2.
strictus, Br. fi. 1-5.
Targionii, Br. iv. 2-6.
tuberculosus, Br. vii. 5.

VI. PLANTS IN CHALK•

., GenuR
I. DU:otyledonu.

I: Cycadites Nilsonii.
• Do they not rather oaot\~ \0 \\\~ ~~'L,
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2. Moaocotyledoau.
Genus I. Zosterites Bellovisana.

caulinimfolia.
elongata.
lineata.

3. ConfertJm.
Genus L Confervites mgagropiloides.

fasciculata.

4.F~.

Genus I. Fucoides Brongniarti.
canaliculatus.
cylindricus, Br. iii. 4.
difformis.
intricatus.
Lyngbianus, Br. ii. 20, 21.
Orbignianus.
strictus.
Targioni.
tuberculosus.

VII. PLANTS IN BEDS ABOVE THE CHALK, PROBABLY

MIOCENE.

1. MlUci.
Genus I. Muscites squamatus, Br. I. 5-7.

Toufnalii, Br. x. I, 2.

2. Equi8etacetB.
Genus I. Equisetum brachyodon, Br. xii. 11, 12.

Meriani? Hr. xii. 13.

a. Filices.
Genus I. T~niopteri8 Bertrandi, Br. lxxxii. 5.

4. AlgfZ.
Genus L Fucoides Agardhianus, Br. vi. 5, 6.

Bertrandi, Br. vii. 1, 2.
discophorus, Br. viii. 6.
ftabellaris, Br. viii. 5.
gazolanus, Br. viii. 8.
Lamourouxil, Bt. vl\\. '2..
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Fucoides multifidus, Br. v. 9, 10.
NilsooianWl, Br. it 22, 23.
obtu8W1, Br. viii. 4.
spathulatus, Br. vii. 4.
Stembergii, Br. iii. 1.
turbinatus, Br. viiL I.

BICOTYLEDONOUS PLANTS FOUND IN THE TERTIARY BEDS.

Genus I. eUlmus, 1.
II. eCarpinus, I.

III. eCastanea, J.
IV. -Betula, I.
V. eSalix, 1.

VI. epopulus, 2.
VII. ·Comptonia, 1.

VIII. eJuglans, 3.
IX. • Acer, 1.
x. epious, 9.

XI. • Abies, I.
XII. Taxites, 5.

XIII. Juniperites, 3.
XIV. eThuya, 4.

)!ONOCOTYLEDONOUS PLANTS IN TER1'IARY BEDS.

Genus I. Antholithes, 1.
I I. Flabellaria, I.

III. Palmacites, 1.
IV. Phrenicites, 1.
V. -Cocos, 3.

VI. Culmites, 3.
VII. Amomocarpum, I.

VIII. Pandanacarpum, I.
IX. ·Cham, 5.

Besides many fruits.

VIII. PLANTS IN FRESH WATER FORMATIONS.

Genus I. eNymphma, 1.
II. ·Cinnamomum, 1.

III. ·Comptonia, I.
1V. •Podocarpus, \.
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Genus V. Smilacites, 1.
VI. Flabellaria, 1.

VII. Zosterites, 2.
VIII. Phyllites, 1.
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In the preceding catalogue I have noticed very few of the
f088il fruits, because it has been impossible to determine the
kind of plants to which they belong. A description, aDd
figures, of a considerable number of these fossil fruits, found
in the Isle of Sheppy, by Dr. Parsons, will be found in the
PAiloaopAical TraruactionB for 1757, page 396.

DESCRIPTION OF THE GENERA OF fOSSIL PLANTS HITHERTO

CLASSIFIED.

1. Dicotykdonmu Plants.,
Genus L-Sigillaria. This generic name has been given

to the large stems so frequently found uplight in the sand­
stone in coal districts. Sternberg has applied to them the
name RAytidolepis, and Arti8 that of EupAorbites. A very
remarkable specimen, found immediately above the coal in
Killingworth Colliery, is figured and described in the Trtmll­
actions of the Natural Hi8tory Society of Net0Ca8tle, vol. i.
page 206, by Mr. Nicholas Wood. From this it has been
copied into Lindley and Hutton's Fossil Flora, plate 54,
voL i. p. 149. Various opinions have been started respect­
ing the analogy of these stems to existing plants. Mr. Artis
thinks that they are related to the Euphorbiacem; Schlotheim
refers them to Palms; Brongniart at first considered them
as completely different from any thing at present known;
but now, with Count Sternberg, he places them among the
ferns.

I think Messrs. Lindley and Hutton hav~ showo clearly
that they have no analogy to ferns. As these stems exhibit
a true and separable bark, always in the fossil specimens coo­
verted into coal, it is evident that they belonged to dicoty­
ledonous plants. But what are the analogous living plants, or
whether there be any living plant, to which they bear any
analogy, are questions that the present state of our knowledge
does not enable us to answer.

When they lie in the direction of the strata these stems
are always pressed flat, and are usually distinguished by oval
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or variously shaped scars disposed in regular rowslongitudi­
nally on the stem. It was from this probably tlaat Sternberg
distinguished them by the Dame of SyringodendroD.

Genus IL-Famdaria. This, like the laat genus, consti­
tutes casts of stems in the sandstone of the coal formation.
It resemble. sigillaria, only the rows of scan ron longitudi­
nally, or parallel to the axis of the stem, each row being
Mparated by a groove. They are much smaller and more
numerous than the scars in sigillaria, though the plant. are
doubtl.. analogoua.

Genns III.-Stipaaria. The fossil plants belonging to
this curious genus were first accurately described by Stein­
hauer. It constitutes the most common of the fossil vege­
tables in the coal formation. From the round cavities some­
what resembling the pits left by the small-pox, it has been
distinguished by Sternberg by the name of JI'ariolaria. The
mOlt perfect form in which it occurs is that of a cylinder
more or less compreued. and generally ftatter on one side
than the other. Pretty often the flattened side turns in 80 ..

to form a groove. Mr. Steinhauer has shown that the pus­
tales on the stem constituted the origin of fibres or branches
which radiate in all directions from the stem, and he traced
them on the banks of a rivulet between the toWOshipe of
Pudsey and Tong, issuing in rays in every direction, and
extending to a distance of above 20 feet from the central
.tem. This demonstrates that the plant grew originally in a
horizontal direction, and shot out its fibres in every direction
through the yielding mud. Messrs. Lindley and Hutton have
.hown that the stigmaria was a succulent and dicotyledonous
plant, and have rendered it probable that what Steiqbauer'
described as fibres or branches were cylindrical leaves, aod
they consider it as probable that it is"intermediate between
the Euphorbiacem and Cactele.

Genus IV.-BotArodendron. Large stems, of which only
fragments remain. On the surface of the stem are many
minute dots, arranged in quincunces, and something less than
half an inch apart. They may be the scars of leaves. At
intervals of ten or eleven inches the stem is marked with deep
circular concavities, four or five inches acrOss, at the bottom
of each of which is a distinct fracture indicating that some­
thing has been broken out, while the sides of the cavities have
concentric marks, 8S if from the pressure upon them of
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rounded scales. From the fragments taken ont of these
cavities, it is clear that they were the points of attachment of

- very large cones. Hence there can be no doubt that the
plant belonged to the natural order of coniferre.

Genus V.-Pi"ite8. This name has been given to the
large stems discovered at Wideopen, near Newcastle-upon­
Tyne, and at Craigleitb, near Edinburgh. Mr. Witham first
proved that they were the stems of dicotyledonous plants, and
analogous to pines in their structure. Hence the term piaitu.
Four different species have been described by Lindley and
Hutton.

Genus VI.-Knorria. This name has been given by
Sternberg to certain stems, or fragments of stems, found in
the coal formation. Lindley and Hutton have shown that
they exactly coincide with the appearance of branches of the
Yew. There can be no doubt that they belong to suceulent
and dicotyledonous plants.

Genus VII.-SpheftophyUum. This genus, called rotularia
by Sternberg, is distinguished by the following characters :­
Branches deeply furrowed; leaves verticillate, wedge-shaped,
with dichotomous veins. LiBdley and Hutton have shown
that it approaches nearer to the conifertS than to the filices.

Genus VIII.-Peuct:. The on1r known species of this
genus was found in sandstone at Ushaw, about four miles
north of the city of Durham. Its characters are 88 follows:
Axis composed of pith; wood in concentric circles; bark and
medullary rays; but no vessels; walls of the woody fibre .
marked with oblong deciduous areolm having a circle in their
middle. Mr. Witham has shown that it is the stem of a
dicotyle.donous plant, and probably a pine. It resembles the
Pinites Withami so much that we do not see how they can

...,-~e distinguished.
Genus IX.-.AsteropAyllites. This genus, the Bomia and

Bruckmannia of Sternberg, is distinguished by the following
characters: Stems scarcely tumid at the articulations, branched;
leaves verticillate, linear, acute, with a single midrib, quite
distinct at their base; fruit a one-seeded? ovate, compressed
nucule, bordered by a membranous wing and emarginate at
the apex.

Genus X.-Pimaularia. This name has been given by Lind­
ley and Hutton to a fossil plant found by Dr. Buckland in
the Leebotwood coal pit. It is a branch from which issnes
at regular distances on opposite sides ctl.\\\\\art \\'9~~uG.\\.~~~ ..
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•

divided in a pinnated manner. It is obviously the fragment
of a dicotyledonous plant.

Genus XI.-Hippflritu. This name has been given by
Lindley and Hutton to a fragment of a stem found in Jarrow
colliery, from its analogy to the genus AippurV.

Genul XIL-MegapAyton. This Dame has been given by
Lindley and Hutton to a fossil plant found in the roof of the
high main coal at Jarrow. It is a portion of a dotted atem.
with scars of leaves placed in parallel lines.

Genus XIIL-Halonia. This name has been given by
Lindley and Hutton to those fossil stems which resemble the
kpidodmdra in their rhomboidal scars, but want the dichoto­
mous mode of branching. This brings them Dearer to the
conifene than the lycopodiacem to which the lepidodendra
have been referred.

Genus XIV.-PAyllotAeca. The characten of this genus
are as follows: Stem simple, straight, articulated, surrounded
at equal distances by sheaths, having long linear leaves, which
have no distinct midrib.

Genus XV.-.Annularia. This genus, the Bomia of Stern­
berg, is characterized as follows: Stem slender, articulated,
with opposite branches springing from above the leaves;
leaves verticillate, flat, usually obtuse, with a single midrib,
united at their base, of unequal length.

Genus XVI.-BecAera. Only one species of this genus
has been met with. It occurs in the coal formation, and its
characters are as follows :-Stem branched, jointed, tumid at
the articulations, deeply and widely furrowed. Leaves verti­
cillate, very narrow, acute, ribless ?

Genus XVII.-JEtlwphyllum. Only one specie!l of this
genus lias been observed; it is situated in the new red sand­
stone. Its characters are as follows :-stem simple, leaves
alternate, linear, ribless, not sheathing, having at the base two
smaller linear leaflets. Inflorescence spiked; spikes ovate.
Flowers numerous, with a subcylindrical tube or inferior ova­
rium, and a bilabiate? periantbium with subulate segments.
Brongniart refers this genus to monocotyledons; but the above
characters belong to no known natural class.

Genus XVIII.-EcAi1lO8tacAys. One species only of this
genus in the new red sandstone. Inflorescence an oblong
spike, beset on all sides with sessile, contiguous, subconicaJ,
flowers or fruits. Brongniart refers this also to 1Q0nocotylc-

dons; but of tbis there is hitherto no e'liden~e •
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Genus XIX.-Cupressite8. Branches arranged irregularly.
Leaves inserted spirally, in six or seven rows, sessile, enlarged
at their base. Fruit consists of peltate scales, marked with a
conical protuberance in their centre.

Genus XX.-Yoltzia. A genus of coniferous plants.
Branches pinnated. Leaves inserted all round the branches,
sessile, slightly decurrent or dilated at the base, and almost
eonical; often distichous. Fruit forming spikes or loose
cones, composed of distant imbricated scales, which are more
or less deeply three lobed.

Genus XXL-Ta:ritu. A genus of coniferous plants.
Leaves solitary, supported on a short petiole, articulated, and
inserted in a single spire, not very dense, distichous.

Genus XXIL-TAuytu. A genus of coniferous plants.
Branches as in Thuya. Fruit unkuown.

Genus XXIII.-•Zamia. A genus belonging to the natu­
ral order of CycadelB. Leaves pinnated j leaflets entire, or
toothed at their extremity, pointed, sometimes enlarged and
auricled, as it were, at their base, attached only by the mid­
rib, which is often thickened; veins fine, equal and parallel,
or scarcely diverging.

Genus XXIV.-ZamiteB. Branches and leaves as in
Zamia.

Genus XXV.-PteropAylium. A genus belonging to the
Datura! order of Cycadem. Leaves pinnated; leaflets almost
equally broad each way, inserted by the whole of their base,
truncated at the summit; veins fine, equal, simple, but little
marked, all parallel. .

Genus XXVI.-Nilsonia. Belongs to the Cycadem.
Leaves pinnated; leaflets approximated, oblong, more or less
elongated, rounded at the summit, adhering to the rachis by
the whole of their base, with parallel veins, some of which are
much more strongly marked than others.

Genus XXVII.-Cycadeoidea. This name has been given
by Buckland, to the genus called Mantellia, by Ad. Brong­
niart. Stem toundish or oblong, covered with densely imbri­
cated scales, which are scarred at their apex.

Genus XXVIII.-eAraucaria. This name has been given
by Lindley and Hutton, to a branch about a foot long, found
in the lias of Lyme in Donetshire. From the branch pro­
ceed four or five laterals, spreading widely from the main
stem, and slightly curved. The whole closely c()'let~d. \\,
tbick, ovate, blunt leaves, which seem \0 \\a~e \\a~ a ~~"t~
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broad edge and a rhomboidal figure, overlapping each other
nearly hall their length; exactly similar to the .bGIICtIriIJ
~l8a, a coniferous plant of Norfolk island.

Genus XXIX.-DictyopAyllum. This name bas been
given by Lindley and Hutton to a fossil leaf, first deeeribed
by Mr. Phillips, from the upper sandstone, shale and coal of
the oolivc formation in Yorkshire. It is not unlike the leaf
of a sow thistle. Doubtless it belonged to a dicotyledonous
plant, though DO evidence exists to show its nature. The
term dictyopAyllum is employed to designate all f_l leaves
of a common reticulated structure; while the term phyllites
is applied to those whose principal veins converge at both the
base and apex.

Genus XXX.-Cycaditel. Leaves pinnated; lea8ets lin­
ear, entire, adhering by their whole base, having a single
thick midrib; no secondary veins.

Genus XXXI.-Juftipmtu. Branches arranged irregu­
larly. Leaves short, obtuse, inserted by a broad base, oppo­
site, decussate, and arranged in four rows.

The remaining genera of dicotyledonous plants being re­
cent, are not described, because the student caD easily haye
recourse to those systems of botany in which descriptions of
them occur.

2. Monocotyledonous Plaflb.
Genus I.-Nreggerathia. A palm. Leaves petiolated,

pinnated; leaflets obovate, nearly cuneiform, applied against
the edges of the petiole, toothed towards their apex, with fiDe
diverging veins.

Genus II.-Flabellaria. A palm. Leaves petiolated, fia­
belliform, divided into linear lobes, plaited at their base.

Genus III.-Cannopllyilites. Leaves simple, entire, tra­
versed by a very strong midrib; veins oblique, simple, pa­
rallel, all of equal size.

Genus IV.-Poacite8. This name has been given to all
monocotyledonous leaves, the veins of which are parallel,
simple, of equal thickness, and not connected by transverse
bars.

Genus V.-Sternbergia. Called Columnaria by Sternberg.
Stem taper, slender, naked, cylindrical, terminating in a cone;
marked by transverse furrows, but with no articulations.
Slight remains of a fleshy cortical integument.

Genus 'TI.-COfivallarite,. Leaves verticillate, linear, with
parallel, sliglJdy marked veins. Stem ¥.tn\\~\\\ at ~\.\~"i~d..
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Genus VII.-PaltBoqris. Inflorescence a terininal fusi­
form spike, witli appressed, closely imbricated scales; its
external portion, where it is not covered by scales, rhomboi­
dal, concave in the middle. The tuft of filaments, noticed by
Brongniart, as proceeding from its apex, is at variance with
Xyris, to which it would otherwise be referred. Is it a dico­
tyledonous plant?

Genus ,\TIII.-ZoBteriter. Leaves oblong or linear, marked
with a small number of equal veins, which are at a marked
distance from each other, and are Dot connected by transvene
yein8.

Genus IX.-Bucldandia. Stem covered by reticulated
fibres, giving rise to ~mbricated leaves, which are not amplexi­
caul, and the petioles of which are distinct to their base.

Genus X.-CteniB.
Genus XI.-ClatAraria. Stem composed of an axis, the

surface of which is covered by reticulated fibres, and of a bark
formed by the complete union of the bases of petioles, whose
insertion is rhomboidal.

Genus XII.-.AntlwlitAu. The flower only of a species of
this genus has been met with in the beds above the chalk.

Genus XIII.-Palmacite8.
Genus X IV.-P/u.m,icite,. A palm. Leaves petiolated,

pinnated; leaflets linear, united by pairs at the base; their
veins fine and little marked.

Genus XV.-·COC08. A palm. The fruit only of this
palm has been found f088il. Fruit ovate, slightly three cor­
nered, marked with three orifices near their base.

Genus XVI.-Culmitu. Stem articulated, with two or
more scars at the joints.

Genus XVII.-.Amomocarpum. Fruit only found: analo­
gous to that of ginger.

Genus XVIII.-PandaflOCtU7JUm. Fruit only found; ana­
logous to that of Pandanus, or screw pine-tree of the Isle of
France.

Genus XIX.-Smilacites. Leaves heart-shaped, or has­
tate, with a well defined midrib, and two or three secondary
ribs on each side, parallel to the edge of the leaf: veins reti-
culated. .

Genus XX.-P"lIUitu. This is the Potamo-pAlIUitu of
Brongniart. It includes all monocotyledonous leaves, tbe
veins of wbich are confluent at the base an\\ a~'1, ~~ ~\)~­

nected by trtUJBVel1e bars or secondary vein••
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Genal XXI.-eCitJra. Fruit, onl.1pIIeroicW, "O'I"ist
iog of five nlVeil twisted spirally; • ..n opening at -.
extremity. SteIDl friable, jointed, compoeed olltlaigtat tabs
arranged in a eyliDder.

3. FWt:a.
GenuI.-~. LeaVell simple, entire, aaaaewilat

orbicular; veios DumeroDl, radiating &om the t.e, cIichotD­
moDI, equal; midrib wanting.

Genu 11.-GlDuopteri& LeaVell simple, entire, lOIIIewhM

Ianceolate, narrowing gradually tD the base, with • thick
ftDishiog midrib; veins oblique, CUl"Yed, equal, &eqaendy
dichotDmoas, or IOmetimeil anastomosing aod retiea.1ated at the
bale.

Genus III.-Sclizoptni.. LeaVei lioear, plane, without
midrib, finely striated, almost ftabelliform, dividing into lleveral
lobes, which are linear aod dichotomous, or rather irregularly
pinnated, aDd erect; lobes dilated aod rounded tDwuds the
extremity.

Genus IV.-CmdDpteri.. A tree fem. Stem cylindrical,
closely marked by large, oblong, convex, uneven sean, wider
than the tortuous depressed spaces that separate them.

Genus V.-SpAmopteris. Leaves bi-tripinnatifid; leaftetl
contracted at the base, not adherent to the rachis, lobed; the
lower lobes largest, diverging, somewhat palmate; veins
bipinnate, radiating, as it were, from the base.

Genus VI.-Neuropteri&. Leaves bipinDate, or rarely pin­
nate j lea1lets usually somewhat cordate at the base, neither
adhering to each other nor to the rachis, by their whole base,
only by the middle portion of it; midrib vanishing at the apez;
veins oblique, curved, very fine, dichotomous-FrildijictJtioJl;
Ion lanceolate, even (covered with an indusium), arising from
the veins of the apex of the leaflets, and often placed in the
bifurcatioDs.

Genus VII.-Pecopteri8. Leaf once, twice, or thrice pin­
nate; lea1lets adhering by their base to the rachis, or occa­
sionally distinct; midrib running quite through the leaftet;
veins almost perpendicular to the midrib, simple, or once or
twice dichotomous.

Genus VIII.-Odtmtopteri8. Leaves bipinnated; leaftet
membranous, very thin, adhering by their base to the rachis,
with no, or almost no, midrib; veins equal, simple, or forked,

very fine, most of them 8l'nnpg nom U\~ 'ft.~



FOSSIL PLANTS. 287

Genus IX.-Anomopteris. Leaves pinnated; leaftets linear,
entire, somewhat plaited ttansversely at the veins, having a
midrib; veins simple, perpendicular, curved. Fructification
arising from the veins, uncertain &:J to form; perhaps dot-like
and inserted in the middle of the veins; or perhaps linear,
attached to the whole of a vein, naked (as in Meniscia) or
eovered by an indusium, opening inwardly.

Genus X.-Ttmiopteri,. Leaves simple, entire, with a
stiff, thick midrib; veins perpendicular, simple, or forked at
the base. Fructification dot-like.

Genus XI.-CIatAropteris. Leaf deeply pinnatifid; leaf­
lets having a very strong complete midrib; veins numeroua
and simple, parallel, almost perpendicular to the midrib, united
by transverse veins, which form a network of square meshes
upon the leaf.

Genus XIL-Lonclwpteril. Leaf many times pinnatifid;
leaflets more or less connate at the base, having a midrib;
yems reticulated.

Genus XIII.-PacAypteri8. Leaves pinnated or bipin­
nated; leaftets entire, coriaceons, ribless, or one-ribbed, con­
tracted at the base, but not adherent to the midrib.

Genus XIV.-Filicitu. To this are referred all the fossil
fems which do not belong to any of the preceding genera.

4. EquiBetacetB.
Genus I.-Calamites. Stem jointed, regularly and closely

furrowed, hollow, divided internally at the articulations by a
transverse diaphragm, covered with a thick cortical integu­
ment. Leaves? verticillate, very narrow, numerous, simple.

Genus 11.--EquiBetum. Stems articulated, surrounded by
eylindricalsheaths, which are regularly tooth-letted and pressed
elose to the stem.

5. LycopodiacefB.
Genus I.-Lycopodite,. Branches pinnated; leaves inserted

all round the stem in two opposite rows, not leaving clean and
well defined scars.

Genus II.-Selaginitu. Stems dichotomous, Dot presenting
regular elevations at the base of the leaves, even near the
lower end of the stems. Leaves often penistent, enlarged at
their base.

Genus III.-Uloderulron. Stem covered wit\\. ~\\(\U\\)\)\a.a\.

areoJIe, wbich are broader than long; 8cal1 \e"f~e,{e,.\ ~\a.~~
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one above another, circular, composed of broad cuneate scales,
radiating from a common centre, and indicating the former
presence of organs analogous to the cones of conifene.

Genus IV.-Lepidodendrml. Stems dichotomoDS, covered
near their extremities by simple, linear, or lanceolate leaves,
inserted upon rhomboidal areola!; lower part of t\1e stems
leaftess; areolre (longer than broad) marked near their upper
part by a minute scar, which is broader than long, and has
three angles, of which the two lateral are acute, the lower
obtuse; the latter sometimes wanting.

Genus V.-LepidopAyUtm&. Stem unknown; leaves Be88lle,
simple, entire, lanceolate, or linear, traversed by a single mid­
rib, or by three parallel ribs; no veins.

6. Musei.
Genus I.-Muscitu. Stem simple, or branched, filifonDt

with membranous leaves, having scarcely any midrib, aDd
being sessile or amplexicaul, imbricated, or somewhat spread­
ing.

7• .Algt&
Genus I.-Ctmfervitu. Filaments simple or branched,

divided by internal partitions.
Genus II.-.lUcoidea. Frond continuous, never articulated,

usually not symmetrical or subcylindrical, simple, or oftener
branched, naked, or more commonly leafy; or membranous,
entire, or more or less lobed, with no ribs, or imperfectly
marked ones, which branch in an irregular manner, and never
anastomose.

These descriptions of the fossil genera of plants are chiefly
translated from the definitions of M. Adolphe Brongniart. A
few of them are from the F08,il Genera of Pla1lt.t, drawn up
by Messrs. Lindley and Hutton, at the end of the preface to
the first volume of their Fossil Flora, an exceedingly interest­
ing and valuable work still going on. It is to be feared that
M. Brongniart has not met with that encouragement which
his Histoire deB Yeg~tauz F08mes 80 eminently deserves. A
long interval has elapsed since the publication of the 9th
livraison of that work, which is the last number that we have
seen.
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Clypeus .muatus, PClri. 22. 22.
em~natul, PAil.
CIUDClCUlaris, Sna.
dimidiatus, PAil.
eemisulcatul, PAiL

• orbicularis, PAil.
ClypeMter pentagOD8lis, Plail. 23. Clypeuter ovifonnil, LGWl. ,~. C\n-a'-1...a'm.. G~.
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24.

26

Ol't'JWlM*e.

24.

25.

Coal Fonaadan.

I
N..............--

·14.
I

I
125.

28. 28. 26.

17. 27. 27.

CLASS

New Red .......

2. Daphnoidea, Hibb.
3.

t.
s.

Greywacke. j Coal Form~tlon.

- -1.---· --------, -1. Cypris Scoto-Bordigalenaia, 1.

Bibb.
! 2.

3.

4.
6.
e.

I 4.
5.
6.

4.
5.
6.
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c1eolites ICUtatUi.
columlBriUl.
gnmulOlUl, MInUt.
181Dig1obua, M...,.
ucentriCUl, M-.t.
cana1iculatUl, Mvut.

anchytel bicordata.

ataDps on1is, Pari.
intermedius, MtIUI.
cariDatUl, Goldf.
capistratUl, Goldf.

:RUSTACEA.

OolIte.

Clypeuter fornicatua, GoItIf.
24. Echinoneua Lampu, De ltJ B. i4.Echinon81l8mbglobonl, Go1Jlf. .

peltiformi., JYall. PlaCate, Gold/.
26. Nucleolitee Rotula, AI. Br.· 26. Nucleolitee Rotula, AI. Br.·

Lapis Cancri, GoldJ.· Lapis Cancri, Gold/..
cutaDea, AI. Br. Ovulum, Lat.

ecrobicularia, Gold/.
patenam, Gold/.
pyriformis, GoldJ.
1acuD0IUa, GoldJ.
eordatua, Goldf.
eariDatua, Goldf.

26. :l6. AnanchJt- onta, La..
lulmiaphmica, AI. Br.
int1lDl1ICeDI.
pUltu1oea, Lta.
COlloid8&, Gold/.
striata, LGfA.
suleata, QoltV­
Corculum, Goldf.

27. Spatangu Cor-anguinum, 27·SpataDguCor-anguinum,Laa·
Loa.• ....borbicalaria, Dtrfr••

luborbicularia, Dtfr.· cordiformia, Mal.
retuaUl, PtIJ'l. panctatua, Lara.
MurchiaoDian.. Xu·.. granW081lS, GoI4f.
argillaceua, PAil. subglobona, LaI~.
_via, Dtfr. nodulOlUI, Goldf.
Ambulacrum, D.A. ndiatu, L.a.

tnmcat1ll, Ooldf.
oraatua, 0..
Bucklaudii, Goldf.
Bulo, AI. Br.
amaarf1ll, LGfII.
Pnmella, La•.
Amygdala, Gold/.
pbbu8, LG..
Cor-teltudiDari1lJD, GoldJ.
Bucardium, Gold{.
1aeuDana, Lia.
hemilplulricu, Plil.

I. Cypria Paba, Data. I.

taeaa modestiformis, Holl.
minutua, Holl.
r08tratus, PAil.

gurua myaticua, HoD.
yl1arua dubiu, Holl.
yon Cuvieri, Data.

Sehlotheimii, HoU.

2.
3. Aatac\l.l ol'DAtu, Plil.

longimanua, SotD.

4.
5.
6.

x

2.
3. AataCUI Leachii, Mat.

SUllUie"'. Mat.

4. Paprua Paqjaaii, Dua.
6. 8cyDaraa ManteW, Dua.
6.



13. 13.

14. 14.

15. 15.
16. 16.
17. 17.
18. 18.
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Gre,wde.

7.

8.
9. Calymene BlumenbAchii,

AI. Br.
vario1arie, AI. Er.­
macrophthalma, AI. Br.
Triastani, .AI. B,..
bellatula, DalIA.
ornata, Dul"..
verrucoaa, Dal••
polytoma, Dal"..
&ctinura, Dal",.
Schrop8, Dulm.
Schlotheimi, Broa,..
latifer, BrOil,..

? -Iualis, ltlqer.
10. Aeaphus corniger, .AI. Br.

cordiger, AI. Br.
Hausmanni, AI. Ih-.

, de Buchii, AI. Br.
Brongniartii, D~.lo"g-

cAa,,.p••
extenuatus, Wall I.
gmnulatus, H!'aAI.
angustifroll8, Dal"..
Heros. Dal",.
expnnSU8, HPaAI.
platynotu8, Dal"..
frontalis, Dal"..
Levict'p8, Dalm.
palp~Lrmu8, Dalm.
craW\csnda, "PaA/.
Sultzeri. .

11. Ogygia Guettardii, AI. Br.
Desuluresti, AI. Br.
Wnhlt'nbergii, AI. Br.
Sillimani, AI. B,..

12. Paradoxides spinul08U8,
AI. Br.

Tessini, AI. Br.
giLb08US, AI. B,..
scaraboides. AI. Br.
Iloffii, Goldf.

IS. Nileus Armadillo, Dalm.
Glomerinus, Dal•.

14. maenu8 Centauru8, Dalm.
centrotu8, Dalm.
latecauda, Wahl.

15. Ampyx nasutus, Dalm.
16. Olenus BUcephalU8, WaJa/.
17. Agnostus piaiformis, AI. Dr.
18. I60JetU8 Gigas, Delay.

pllUlu, Delay.

TABLE OP FOSlII.8

Coal Formation.

i.

8.
9. CalymeDe Blummbachii,

. .AI. Br.-
variolaris, AI. Br.·
pUDctate. ".aAI.
coDcinna, Dala.

10. A.phus cordatas, .AI. Br.

11.

12. Paradoxicus IpinulO8Ul,
A. Br.

caUIT~

New B."""""

7.

K. Palinurua Sueurii, 1M
9.

10.

11.

12.
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~mOD apinipes, Dura. 7.
longimanatus.
Walchli, HoD.
modeatiformis, Holl.
mmutus, Boll.
roetrat1Jl, PiaU.

8.
9.

10.

11

12.

7.

H.
9.

10.

11.

It.

13. /13.
I

14. 14.

15. 16.
16. Id.
17. J7.
18. \~.



808 TABLE 01' POIIILl

CLASS IV.

!f..............

1. I.

I. Serpala epithODia, Go1Jlf. 2. 8erpula Lit.h1lUl, &:Ialot.
ammODia, Goldf. comp~ ao..
omphalodee, Goldf.
1Orial., Goldf.

1.
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1D1Irieariamt.tb111Dl,1II.... 1.
t Colon, 1IItIUt.

recta, 1IIaut.
pntial», II...
CODj~ Maut.
Pi18ri8, MtIUt•

...8q1I8IDc., BeGa.
-..,Plil.
iJd.etjD 8U. PAil.
iIplaa, i...
capitat.a, PAil._.
Rleata, 8ofIJ.
tricariData, 8OfIJ.
triaDgulata, 8MIJ.
J'IIDCiData, 8ofIJ.
tricriatata, Goldf.
quiDquecriltata, Maut.
quiDquen1cata, MtIUt.
GrciDDa1ie, M...
ClIBDplanata, Goldf.

C:Goldf.........~
..ollda, Gold{.
JiWifonaiI, MtIUt.
Delphia.le, Goldf.
..... Go1Jli.
Jimata, .....
~M""".
~ Goldf.
BOClulc., Goldf.
8pi1"oliDitee, M"",t.
trieariData, Goldf.
plDtagcma, Goldf.
quiDq1umgu1aril, Goldf.
~ Goldf.
yertebralia, SOfD.
prolifera, Goldf.
plaDorbifonnie, Muut.
trochleata. MtIUt.
macrocephala, Goldf.
he1icifonnie, Goldf.
quadriatriata, Goldf.
CODvoluta, M .
amaJicu1ata, M t.
DeBha eIii, M .
Yo1U~M t.
spiral», Maut.
~M-••
Plage1lum, M.,.,t.
n.bItriata, M...
8acc:ida, Maut.
,on1ia1iI, &11ot.
iDtercepta, Goldf.
mum, Goldf.
PiIaria, Goldj.
IOCialiI, Goldf.
problematica, Muut.

I.

2. Serpula ampullacea, 8011I.
PIau, ao..
obtula. SDtP.
8uctuata, 8011I.

? macroplll, 8011I.
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CLASS V,

I

eo.I Farmadaa. H.. Bed ..........

1. 1. 1.

CLASS VL

Coal FanaatlOll. N.. Bed 8uIdIt.aDe. .

1. 1. 1.
I. 2. J.
3. 3. 3.

4. 4. 4.
6. 6. Mya ? telliDaria. 5.

? ventricc.a.
? minute.

6.

7.
8.
9. I

10.
ll.
II.
13.

6.

7.
8.
9. Suiean Blainvillii. Hoa.­

10. Hyatella carboDaria.
11.
11.
13.

8. Myacitel m1llCU1oidel. SaV&'
iDtermedi-.
eIcmpt.. 8AU&
YentriCORl, SaV&

7. Pan~ gibbo., ...
8. Anna obecurua, s..
9. Suicava BlainYiDii, goa..

10.
11.
12.
13.

14. 14.

ll. 16. 15.

,8. 16. Sanguinolaria gibboea, SotIJ. 16.

l7. 17. 17.
18. 18. TelliDa liD_ta, Hon. 18.

9. 19. 19.
to. 10. JO.

tI. 21. 21
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-CIRRHIPEDA.

OolIte.

I. ~.
GreeDlUlcL

-CONCHIFERA.

Oolite. GreeDUDd.

1.
I.
3. Pholu rerondita, Plil.

? comprNSa, SOlD.
,. Gutrocluena tortuom, Sov1.
6. Mya literata, Sov1.

depreuu, SolD.
calceiformia, Plil.
dilata, Plil.
equata, Plil.
V ecripta, &nco
MaDdibula, So",.
ugulifera, Sov1.

8.

1. Fistularia pyriformilS, M.t.
2. Teredina pel'BOnata, La••
3. Pholu constricta, Plil.

4.
6. Mya mandibula, Sov1.

depreua, Sov1.
pbueolina, Plail.
plana, SortJ.

6.

I.
2.
3.

4.
6.

6.

15. Corbula ovalia, Nib.
caudata, NiU.

17.
18.

16.

19.
20.

14.

21.

7.
8.
9.

10.
11. Lutraria ? cariDifera, So-.
12.
13. Crauatella latiMIiJDL

tumid&.

15. Corbula atriatula, SotD.
Punctum, Plail.
gigantea, SorD.
I.vigata, SOlD.
anatiDa, Dal.

19.
20.

21.

7. Panopea plicata, SorD.
8.
9.

10.
11. Lutraria Gurgitil, AI. Br.
12.
13.

7.
8.
9.

10.
II. Lutraria Juruai, AI. Br.
11. Mactra gibbosa.
13.

1'.Amphid.madecurtatum,Plil. 14.
recurvum, Plil.
eecuriforme, PAil.
donaciforme, Plai/.
rotundatum, Plail.

l5. Corbula curtaD8ata, Plail.
depreaa, Plail.

? cardioidea, PAil.
obecura, Sow.

18. Sauguinolaria undulata, SorD. 18.
elegana, Plil.

l 7. Plammobia levigata, Plil. 17.
L8. Tellina ampliata, Pltil. 18. TelliDa ~aalis, Maral.

iDlequalia, Sov1.
atriatula, &ltD.

19. DoDU Alduini, AI. Br.
10. Pullutra recondita, Plail.

oblita, Plil.·
t1. Corbia levis, &ltD.

ovalia, Plai/.
uniformia, PAil.
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COJlCBI.....

II.

13.

14.

22.

23.

14.

12.

13.

14.

N.............

15. 25. 26.
16. 16. 16.

17. 27. 27.

28. 28. 28.

29. 29. 29.

30. 30. Cypricardia ? annulata, Hoa. 30.
31. Cardium eoetellatum, MIlUt. 31. Cardium e1ongatum, SolD. 31. Cardium ? atriatum.

hybridum, M.,...,. hibemicum, SOte.
abeforme, SolD.· aleforme, SolD.
lineare, Man.
priacum, MtIIUt.
Itriatum, MMUt.

32. Cardita COBtellata, MMut. 32.
gracilis, M.,..t.
plicata, MKUt.
tripartita, M.ut.

33. bocardia Humboldtii, Hoell. 33.
oblonga, SolD.

SI.

33.
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~~ CI'8IIa, .fIottJ.
lyrata, Plail.
deIpecta, PiaU.

btarie CUDee.ta, SOfII.
excavata, SowJ.
planata, SDfIJ.
trigonalia, SolD.
orbicularia, 8DfIJ.
pumila, SOfIJ.
Volt.zii.

Craaina ovat&, Sa.
elegaDl, &ltD.
aliena, Plail.
ext.eDla, PAil.
carinata, Plail.
lurida, &ltD.
minima, PAil.

MyOCODcha crasaa, So",.

Cytherea dolabra, PiaU.
ttW>Del1aris, Vola.
IUCIDea, yoltz.
come&, Yo"'.

V•• ftriCOIB, SOII1.

Cardium lobetum, PiaU•.
diEmile, Sov1.
citriDoideum, PAil.
copatum, PAil.
acutangulum, PAil.
eemiglabrum, PAil.
incertum, PIail.
.triatulum, SoftJ.
gibberulum, PiaU.
truncatum, SotD.
multicoet.atum, BeG••

Cardita similia, SOfIJ.
Immlata, s-.
atria&a, SOfIJ.

22. Luciu IC1I1pta, Piil.

23. Astarte striata, StnD.

25.
26. CyclM ........... &1wJ.

media, SotD.
cornea, (JIOt La•• ).

27. Thetis minor, SotD.
major, Sov1.

28.

29. Venus pam, SOfIJ.
angulata, Sow.
Fal., SotD.
ovalia, SDfIJ.
lineoJata, SotD.
plana, SOfII.
caperata, So",.

30.
31. Cardium BillaDum, SOfII.

proboecideum, SOfIJ.
bullatum, LallI.

81. Cardita tuberculata, &.J.

122.

23.

24.

25.
28.

27.

18.

29. Venus RiDgmerieDlil, Nat.
? exert&, NiU.

30.
31. Cardium dec...tum, SOfIJ.

31. Cardita Esmar1ili, NiU.
ModiolUl, HiM.
c..-.

IIocardia rhomboidalia, PAil. 33.
tumid&, PiaU.
minima, SOfIJ.
coDcentric&, So",.
angolata, PAil.
roetrata, SolD.
striata, D' O'rb.

33.
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54.

S5.

S8•

•7.

58.

59.

40.

TABLE 0 .. FOISILS

3~. mppopodiam abbreYiatum. M.
Gold,(.

35. 35.

36. Arc». canceUata, &ltD. 88. Arc». tumicla, &..

37. 37.

88. 38. Cucu1laa nleata. &..

I 39. Nucula attenuata, Fka. 39.

~=Fleta.• So",.

40. 40. TrigoDia yulpria, 8cIlDI.
P........,8cIlel
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Cbalt.

39. Nucula ovata, NiU.
tnmcata, NilI. :
pmda, NiU.
producta. NilI.

34.

35.

36. Area exaltata, NiU.
clathrata.
ovalis. NiU.
IUbacuta.

40. Trigonia Dedalea, Parle.
. aliformis, &rD.

8pin~ &ltD.
rug~ La••
ecabra, Lma.
eccentric&' SolD.
nodoea, SOlD.
lpectabilia, &..
areuata, La•.
alate.

39. Nucula pectiData, Mal.
ovata, Marat.
impl'ell8, SotD.
subrecurva, PiaU.
antiquata, SotD.
angulata, SotD.
undulata, SOlD.

34.

37. Pectunculu IUbbevis, Sow. 37. Pedunculus leu, Nill•
umbonatua, &..

38. eucun- d8CUll&ta, &ttl.. 38. Cucun- d8C11ll&ta, S-.•
glabra, 8tnIJ. auriculifera.
carinata, So.. ~tiDa.

fibroea, &..
eoetellata, &..

36. Area carinata, SolD.

4. Bippopodium ponderOlUJD,
SotD.

15. Pholadomya MurchUoni, SorD. 35.
simplex, PiaU.
deltoid8&, SOfD.
obloleta, Plail.
onlis, SotD.
acutiCOItata, SmtJ.
DaDa, Plail.
producta, Sow.
obliquata, Phil.
fidicula, SOU1.
obt1ll&, SOtD.
ambia-ua, Sow.
equaIis, Sow.

·bboea.
{:;oteii, AI. Dr.
clathrata, Muut.

16. Area quadriaulcata, SOII1.
181Dula, Plail.
pulcbra, SotD•.
trigoDella.
eloupta.
roetrat.a.

.7. Pectunculus minimWl, SorD.
oblongus, SOlD.

,8. Cucu1la oblong&, SmtJ.
contracta, PlaiL
triangularis, Plail.
pectinata, Plail.
elo~ta, SolD.
conC1DD8, PlaiL
imperialis, Btart.
cylindrica, PAil.
cancellata, Phil.
reticulata, Beatl.
minuta, SotD.
rudil, So",.

II. Nacula elliptica, Plail.
. DUda, Y. to B.

nriabilia. &..
Lachryma, SotD.
uiniformis, PAil.
Ovum, &..
pectinata, 8tnIJ.
clariformis.
mucronata, So",.

~. Trigonia coetata, SotD.
c1avellata, &ttl.
conjungeDl, PAil.
striata, SotD.
angulata, SolD.
literate, Y. t B.
gibboea, SotD.
duplicata, SotD.
elongata, &rD.
imbricata, &ltD.
cupidata, 8tnIJ.
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11.

TABLE 0 .. FOSSILS

41. Chama ? uUqua, Boa.

42. 42.

......----

~3. 43. MytilUi minima, HOft.
crMIua, FkrA.

~4. 44. ".
~5. Meplocloa nClllJatu, &..• 46. Meplodon cueu1latus, SotD.· 45.
18. 46. Modiola Goldru.ii, Hoa. 46. MoiioIa acaaiDaI.a, &..

7.

,8.

I
i47· Unio Urii, Fl~"..

48.

47.

48.
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Trigonia PullUJ, 80111.
navis, Laa.
mcurva, Bddt.

Chama ? mima, Plil.
?~S..

IDoceramu dubilll, So",.

lIytiluI caDeatUl, PiaU.
amplUi.
pectiDabl, SOlD.
IUb1Ievia, SolD.
101enoides.

Kodiola imbricata, Sow.
UDgulata, Y. t B.
bipartita, SotD.
caneata, SOfII.
pulchra, SotD.
pHeat&, SotD.
aapera, SotD.
Scalprum, SOlD.
HillaDa, SOfIJ.
lavis, SOfIJ.
~~ SDfIJ.
1D1DIID8, 8tnIJ.
11lbcarinata, Lora.
tulipea, lAfa.
pa1lic1a, SotIJ.
·bboea, 8ofI1.

frida, Goldf.
ventricoea, Goldf.

UDio peregriDua, PAil.
abductUl, PIaU.
coDcinDUI, Sow.
craBUICUlua, Sow.
LUteri, 8tnIJ.
CI'88IiMimua, SotIJ.

Gerrillia aviculoid.-, SOfII.·
? acuta, &IIJ••

lata, PAil.
perDoid.-, Dal.
Iiliqua, Dal.

41.

'I. Inoceramus concentricua,
PtJrle.·

aulcatlll, Parle.·
Cul'ieri, 8tnIJ••
Brongniarti, MtIfIt.·
mytiloidel, M".t.
rugons.
gryphleoidee, SmtI.

4S. Mytilus laneeolatUl, SOfII.
edentwUJ, SotD.
problematical.

".46.
46. :HoelloJa IIC(11&liI, SotD.

bipartita, aa..

47. Unio porreetUl, SOfIJ.
compreIIUI, SOfII.
antiquo,8ofI1.
adunC1lS, SOfII.
cordiformia, SOfD.

48. Gervillia ariculoidee, SarI.·
? acuta, SotD.·

101enoidel, Difr.·

41. Chama Comu Arietia, NU••
1aciniata, NtlI.
recurvata.

42. Inoceramus concentricua,
Parle.­

IlI1catUl, Parle.·
Curieri, SotD.
Brcmpiarti, MG".·
mytiloidee, Maat.·
cordiformil, SotD.
latUl, Mal.
WebIteri, M.,.
striabl, N.,.
undulatua, M.,.
iDvolutUJ, ao..
tenuia, Mal.
Cripsii, Maat.

43. Mytilul brria, Dtfr.

44. Pachymya Oigel, SorD.
45.
~6.

47.
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49.

60.
61.

6!.

Orepde.

49.

60.
61.

62.

TABLE 01' FOSSILS

M.

50.
61.

52.

COllCHI

al.

M. 54. Vu1Ie11a liagulata, HOft. 54.
elo~ 11ltJia.
breY1l, BlGita.

66. 55. Lingula Itnata. 66.
66. 56. 68.

57. 67. 57.
&8. b8. 58.

&8.

60.

b9. 69.

!
i
60.
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OreeDUDd. Chalk.

319

~ monotis, Dal.
costellata, Dul.

)erna quadrata, So",.
mytiloides, Lam.
iaogonoides.

~eaatula ventricOl8, SorD.
Mgonellites antiquatul, Phil.

politUl, Plail.
»iJma lauceolata, SolD.

mitis, PiaU.
cuneata, B«JfI.

Folium, Y. t B.
pinnigena.
granulata, SolD.

Lric:uJa expansa, Plail.
ovalis, PAil.
e1egantissima, Bea'll.
tonsipluma, Y. t B.
Braamburiensis, SmD.
iDlequivalvis, SotD.
echinate, SOtD.
cygnipea, Y. t B.
costal&, SOtD.
lanceolata, SOlD.
ovata, &..

~ Beanil, Plail.
licat.ula spiuOla, SotD.

~b.a chamEformis, PAil.
bullata, SolD.
inhaereus, Plail.
dilatata, SolD.
incurva, SOWI.
nana, SotD.
Maccullochii, SmD.
depretl88, Plail.
obliquata, SorD.
Cymbium, Lam.
lituola, La..
gigantea, SolD.
minuta, SDWJ.
virgula, Deft.

49.

50.
61.

52. Pinna gmci1ia, PAil.
tetragona, SOfD.

63.

64.

u.
66. Plicatula pectinoidel, SotD.·

57. Spban corrugata, &rD.
58.

69. Grypba auricularis, AI. Br.·
Columba, Ltza..
plicata, La•••
veeiculosa, SortJ.
sinuta, &ltD.
Aquila, AI. Br.
eecunda.
canaliculata, SOlD.

80. Exogyra haliotidea, &.••
coniC&, SmtI.·
digitata, SmtI.
undata, SorD.
bevigata, Sow.

49.

60.
61.

52. PillDa aftinis.
ftabellum.
uobnis.
re8titut&
IUbquadrivalYiL
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e1ongata, SOlD.
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332 TABLE OF FOSSILS

MOW

___.__~~acke.__ . _1~ CoaI__Formation. 1

26. Turbo Tiara, SOlD.
antiquu!, Goldf.
cirrifonnis, SOlD.

bicarinatus, "·0".

27.
28. Turritella abbreviata, 8orD.

prisca, M...t.

29.

30.

26. Turbo Tiara, Soto.
carinatus, HOIJI&.
helicineformie.
ItriatUl, Hoea.

27.
28. Turite1la Urn, FkM.

elongata, Fltma.
cingulata, Hu.
conatricta, Flna.

29.

30.

26.

27.
28. Turrite11a terebralis, ~

Schloteri.

29.

30.

31. Pleurotoma cirriforme. 31. Pleuromoma delphinulatum. 31.

32.

33. Murex Barpula, Sow.

34.

35.

36.
37.
38.
39.
40.
41. Buccinum spin08um, So",.

acutum, SOUJ.
breve, SOrD.

imbricatum, Sow.

42. Terebra Hennahinna, SOfD.

43.

44. Belleropbon hiulcus, SOrD.

apertus, SOfIJ.
tenuifascia. Sow.
C08tatus, Sow.
Comu Arietis, SOil,'.
oval u.."i, Sot".

HiipsclJii, IJifr.

32.

33.

35.

36.
37.
38.
39.
40.
41. Buccinum arculatum, &11lot.

subco6tatum, Se-hlot.

I
cribrarium, Iloell.
lmYiseimum.
acutum, Suu:.

42.

43.

44. Bellerophon hiulcua, /}OW.

apertus, Sow.
tenuifascia, Sou'.
('.()8tatus, SOle.
Cornu Arietis, SOlD.
c\eC\\M\\\~, Flf1ft.
~\nCl.\u, Flem.

32.

33.

3f.

3b.

36.
37.
38.
39.
40.
41. Buccinum obsoletum,

42.

43.

44.
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PART III.

OF THE METHOD OF ANALYZING MINERALS.

INTRODUCTION.

THE art of analyzing minerals, or of determining the different
ingredients of which they are composed, can scarcely be con­
sidered to have originated before the middle of the last cen­
tury; for the chemical analysis of vegetables, undertaken by
Lemery, &c., and of mineral waters, by Dominic du Clos,
were so imperfect and erroneous that they are hardly entitled
to attention. Margraaff was the first chemist who attempted
to determine the true constituents of minerals by analysis;
in 1748 he published his chemical experiments on the Osteo­
colla of the March of Brandenburg in the Memoirs qf the
Berlin Academy, and proved by satisfactory trials that the
constituents were carbonate of lime and silica, slightly tinged
with iron. Bergman attempted not merely to analyze rnine­
rals and mineral waters, but to reduce the method of proceed­
ing to a regular system. To him we are indebted for the first
rudiments of our present processes; in 1778 he was tbe author
of an elaborate treatise on the analysis of water; he had pre­
viously published his analysis of the waters of Upsala and of
the Denmark spring, of sea water, and on the artificial prepa­
ration of mineral waters, both cold and hot. In the year 1777
he published his experiments on the analysis of gems. He
showed that an earthenware crucible could not be employed
in such experiments, and substituted for a Hessian crucible a
vessel of polished iron. His method of \lr()cee(\\\\~ ~a~" \.\.~

reduce the mineral to be analyzed to a vet'J nne ~\\'fla.~'t; \h\~
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powder \\~as mixed with twice its weight of anhydrous car­
bonate of soda, and the mixture strongly heated for three or
four hours in the ·iron vessel. The fused mass was taken out
of the iron vessel and digested in muriatic acid till every
thing soluble was taken up. The insoluble portion after igni­
tion was examined by the blowpipe; if it fused with efFerves­
cence with carbonate of soda into a colourless glass it was

• considered as silica, if it did not effervesce nor fuse with the
soda it was considered as a portion of the mineral undecom­
posed, which required to be again subjected to fusion with
carbonate of soda in the iron crucible.

The muriatic solution was mixed with prussiate of potaslt,
whicb threw down the iron, if any was present. The liquor,
thus freed from iron, was mixed with a sufficient quantity of
fixed alkali, probably in the state of carbonate. The precipi­
tate was washed, dried and ignited; it was then digested for
an hour in six times its weight of cold acetic acid. The acid
dissolved any lime, barytes or magnesia that might be present,
while it left the alumina undissolved.

The acetic solution was thrown down by an alkaline car­
bonate. The precipitate was washed, dried, weighed and exa­
mined; ifits neutral solution in muriatic acid was converted into
sulphate of barytes, or into gypsum, or into epsom salt, when
mixed with a solution of sulphate of potash, the presence of
barytes, or lime, or magnesia was indieated. The undissolved
portion was presumed to be alumina. This was determined by
dissolving it in sulphuric acid and converting it into alum.

Such was the process of Bergman for the analysis of mine- •
rals-rude and imperfect undoubtedly, but exhibiting the
rudiments of the methods at present adopted with so much
success by modern chemists. Klaproth, who began his che­
mical career almost at the termination of Bergman's useful
life, took up the method of analyzing minerals where Bergman
left it, and gradually corrected the imperfections of Bergman's
apparatus, and of bis method of separating the different con­
stituents from eacb other. lie substituted crucibles of pure
silver for the iron vessels of Bergman. This was an impor­
tant step towards accuracy, because when iron vessels were
used, it ,,"as scarcely possible to prevent some iron from the
vessel from being' mixed and confounded with tbe mineral
under examination. fIe e;ubstituted caustic potash in certain
cases for the carbonate of soda used by Bergman, and sh~wed

that it ,vas much more efticac\Qu, i\\ %~~\\. ~~%\.~ ~~~~~,\u~
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the mineral soluble in muriatic acid. He pointed out the
necessity of obtaining a complete solution of the mineral
under analysis in muriatic acid, and showed that wben any
insoluble portion remained it consisted almost al\\Fays of the
mineral undecomposed. He pointed out the necessity of
evaporating the muriatic solution to dryness, and of digesting
the dry residue in water acidulated with muriatic acid. What
remained undissolved was silica, the purity of which was
tested by fusing it before the blowpipe with carbonate of soda.
To the muriatic solution thus freed from silica, he added an
excess of caustic ammonia; the alumina, glucina, yttria, zir­
conia, oxide of iron and oxide of manganese were precipi­
tated, but the barytes, strontian, lime, or magnesia remained
in solution. The oxides of iron and manganese were sepa­
rated from the earths by digestion in caustic potash; and
Gehlen afterwards introduced the method of precipitating
peroxide of iron and separating it from oxide of manganese
by means of succinate of ammonia.

Klaproth's improvements in the art of analyzing metallic
ores were no less important. Indeed, he in a great measure
created this branch of the analytical art; almost all attempts
at the analysis of such ores made before his time being un­
successful.

About the year 1790 Vauquelin began his great analytical
career, in Paris. His turn of mind led him to analytical in­
vestigations, which he prosecuted with much accuracy and
with great delight. His skill as an analyser of minerals was
little inferior to that of Klaproth, and bis patience nearly as

• inexhaustible; but his analyses of minerals are much less
valuable, not from any want of precision or of skill, but be­
cause sufficient care was not taken in selecting specimens for
analysis. For it is too obvious to require illustration, that the
chemical analysis of a mineral can lead to no useful results
unless specimens of the greatest possible purity be selected.
When Vauquelin was connected with the School of Mines,
Hauy was engaged in his crystallographical researches, and
had projected his Treatise on Mirreralogy. At that time few
analyses of minerals existed, and none to be depended on
except those which had been made by Klaproth; this led him
to request the assistance ofVauquelin, whom he 8upplied with
specimens for analysis, and Vauquelin entered upon the task
with great alacrity. 'I'he selection of the specimens t\\~~ \)~­

longed to Hauy, and it must have been ()W\l\~ \~ \l~~ \\\.~~
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care with whim thac illllArioas c:rysaalJograpJaer made his
selection that 10 lIWIy of\-aoqaelin·s aoaIyses ha1"e beeD found
inaccurate by more rec:ent experimentftL To '·auqoelio we
are indebted for the first tl'eatUe on the aualysis of atony
bodies, in .hich tbe various improvements iDtrodaced iDto
the proeelleS by KJaproch and himself are fully detailed.
This treatise .. published in the year 1;99,· and doabd..
eontributed 1"ery materia1ly to the analytical skill which IOOR

after became very general among pradical chem.ists.
An improvement in the erucibles ased for fusing the minerals

subjected to analysis .ith earbooate of IOda .... still wanting
to enable chemists to make their analyses with rigid aeeoraey.
Silver crucibles, unless great care be employed in managing
the heat, are apt to melt, and when this happens the analysis
is of course destro}"ed. Silver is easily acted upon by the
mineral acids. In nitric acid it dissolves as readily as sugar
does in water, and both muriatic acid and sulphuric acid Bet

upon it 8lowly, especiall)" when the action is assisted by heaL
This limits tbe use to ""hich these crucibles can be put, and
prevents the possibility of employing acids to remoye from the
silver '''essel the last remains of the mineral mass which had
been fused in it. The introduction of platinum crucibles by
Dr. "rollaston, about the commencement of the preseDt
century, may be said to have carried the apparatus used in
analyzing minerals to a state of perfection. It is only the
analyses made since the introduction of these crucibles that
can be depended on. Dr. \\Tollaston also made an important
improvement in the art of analysis, by reducing the quantity
operated on. Klaproth usually analyzed 100 grains of a •
mineral, and sometimes even 200 grains, and Vauquelin'8
quantity was not in general less; but Dr. 'Vollaston intro­
duced the custom of taking a much smaller portion: 25 or
even 20 grains was the quantity which he usually employed.
This is attended with many advantages. It greatly shortens
the time necessary for such analyses, and proudces a propor­
tional diminution in the expense; even the accuracy of the
relu] t is rather promoted than injured, provided the requisite
care be taken in all the steps, and the balance employed be
nice enough to weigh to the hundredth of a grain with
accuracy. If the mineral analyzed contain only substances
with which the chemist is acquainted, he will find no difficulty

• A.nu. ue C\\\m. '1'1.'1. \l\l.
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in determining their nature and weight, even when tIle quan­
tity does not exceed a grain or half a grain. If new substances,
or substances with the properties of which the chemist is not
acquainted, occur during the analysis, it may not be in his
power to determine them with accuracy. In such cases he
will naturally repeat his analysis upon a larger quantity of the
mineral, that he may be enabled to produce the unknown
substance in sufficient abundance to determine its nature.

The art of analyzing minerals has now become so univer­
sally known to chemists that it would be difficult to point out
all the individuals to whom it lies underobligations. Stromeyer,
Professor of Chemistry at Gottingen, has devoted a great
portion of his time to the analyses of minerals, and has pub­
lished a volume- containing no fewer than fifty analyses of
minerals, made with the utmost attention to accuracy, and all
of them models of analytical sagacity. He has pointed out
various improvements in the art of analysis, and his descrip­
tions are so minute and exact, tbat the study of his work must
be of very great importance to all who wish to acquire the
difficult but important art of chemical analysis. Thirteen
years have elapsed since the appearance of this work, and
Stromeyer has doubtless ample materials for another. That
another volume has not hitherto appeared must be considered
88 injurious to the progress of analytical chemistry; probably
the sale of such a work must be very limited, because it can
interest nobody except practical chemists, the number of whom,
unfortunately for the science, is but small. It is a pity that
works of such imp.ortance to the progress of chemistry were

• Dot published at the expense of the State. Were the Gottin­
gen, Berlin, Munich, &c. Academies in Germany enabled by
their respective governments to publish works of sterling
value, but of limited sale, from the nature of the subjects, the
sciences would advance with much greater rapidity than at
present.

Professor Berzelius of Stockholm must not be forgotten
when we are giving a sketch of the progress of analytical
chemistry. He has been perhaps the most active chemist of
Iiis day, and has analyzed a greater number of minerals than
any other individual. His laborious investigations respecting

• Untersuchungen Ubcr die Mischung der Mineralkorper. Erster Band.
Gottingen, 1821.
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the atomic weights of bodies have contributed mOlt materially
to the precision of mineral. analysis. Not satisfied with this
he has contrived many new analytical methods, and 88 he h.
extended his researches to almost every kind of mineral, hil
analytical investigations are highly worthy of the study of all
who wish to become adepts in this most important branch of
practical chemistry. At one time of his life, Berzelius wu in
the habit of taking practical pupils, whom he instructed in the
methods of analyzing minerals; and not a few of these pupils
have since distinguished themselves as analysts. Of these, M.
H. Rose of Berlin has perhaps been the most active. He
turned his attention to several complicated ores of copper and
silver, remarkable for the number of their constituents, and
has wonderfully disentangled one of the most complicated
departments of mineralogy. His treatise on AftQlytical CAe­
mistry, in two volumes, the second edition of which appeared
in 1831, is by far the most complete work on the subject, and
is an indispensable book in the laboratory of every practical
chemist. An excellent English translation of this book, by
Mr. Griffin, was published some years ago, and its perusal
cannot be too strongly recommended to all those British
chemists who wish to become adepts in mineral analysis.

.~nother of Berzelius's pupils, who has distinguished himself
_ by numerous analyses both of minerals and salts, is Professor

Mitscherlich of Berlin, though the high reputation which he
has acquired is connected with other branches of the science of
chemistry, which cannot be alluded to here. Professor C. G.
Gmelin of l"iibingen is another pupil of Berzelius, who has
in a great measure devoted himself to the analysis of minerals.
His analyses are numerous and exact, and he has turned his
attention to some tribes of minerals, the analysis of which is
attended with peculiar difficulty: the tourmalin may be men­
tioned as an example. For some years past we have seen
very little of his analyses in the German Journals. This may
probably be occasioned by the Syste111 oj Chemistry, which he
is at present engaged in drawing up. Such a task, from the
vast extent of tbe subject, is attended with considerable
difficulty, and requires very extensive reading and research.

Professor Bonsdorff, formerly of Abo, is not the least dis­
tinguished of the pupils of Berzelius. His analyses of the
numerous \-arieties of Amphibole, published in the Memo;,-s
of tlte Stockholm Acade111.y for 1821, are perfect models of
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~hemical research. Nor is leas praise due to many other
important analyses which he has published, but which it would
be impossible to particularize here.

In France by far the most active analyst of the present
day is Berthier, who occupies the department formerly held
by Vauquelin in the School of Mines in Paris. His memoirs,
mineralogical, metallurgical, and geological, have been pub­
lished chiefly ill the Annales de Chimie et de Physique, and in
the Annales des Mines. His analyses of minerals amount to
more than a hundred, and be bas lately published a most
important work intimately connected with mineral analysis,
entitled Traite des ES8ais par la roie secAe, in two very thick
octavo volumes. It contains the result of many analytical
investigations in this most important department of metal­
lurgy, and must be a valuable addition to a branch of the
science, which has been too much neglected by modern
chemists.

If we except Mr. Hatchett and Mr. Chenevi.~, Great
Britain has produced very few analytical chemists. Almost
the only modern chemists of this country, who have published
analyses of minerals, are Mr. R. Phillips, Dr. Turner, and
Mr. Connell. The analyses published by these gentlemen
are not numerous, but they are accurate, and characterized by
a neatness and ingenuity which does them great eredit. Mr.
Connell's discovery of barytes and strontian in Brewsterite
proves incontestibly the minute accuracy of his investigations,
and augurs well for his future eminence in this branch of
chemistry. The department of analytical chemistry, and even
mineralogical investigations in ge~eral have been sneered at
by several chemists in this country, as a branch of chemis­
try below the notice of men of true science. But such alle­
gations are ill founded and improper. Mineralogy has been
to chemistry what astronomy has been to mathematics-the
cause of many improvements of the most important kind. If
we turn our attention to the great improvers of chemistry, \ve
shall find that they have been analytical chemists. Indeed
the only means of advancing the science is analytical investi­
gation, and the best school for acquiring the power of making
such investigations is the study of the methods of analyzing
minerals. A good analytical chemist must be familiar with
the properties of the different substances which come under his
investigation, and with the best methods of separating them
from each other, and of determining thell ~Ua\\\\t1" ~U\.~u~

II. 2 A
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the chemists of the last century none acquired a higher or
more deserved reputation than Scheele. Now all Scheele'.
discoveries were the results of analytical investigations.
Cavendi~b's great discoveries of the constituents of water and
nitric acid were the results of syn thetical experiments, similar
in their consequences to analytical investigations. Berthol­
let's discovery of the composition of ammonia was equally an
analytical investigation, and the same remark applies to the
great discoveries of Sir H. Dav}r, namely the constituents of
the fixed alkalies and alkaline earths. For our knowledge of
all the earths and most of the metals we are entirely indebted
to those chemists who have devoted themselves to the analy­
lis of minerals. In fact, had it Dot been for the Dew vie"..
that opened themselves in consequence of the chemical study
of the mineral kingdom, the science of chemistry could have
made but little progress.

Minerals, as far as analytical processes are concerned, may
be divided into two classes. The first class consists of oxy­
dized bodies, earths, oxides, and fixed alkalies, either com­
bined with each other or with an acid. The second class
consists of combustible bodies, namely, sulphur, selenium,
metals, &c., united together. The methods employed in
analyzing these two sets of bodies differing somewhat, it will
be proper to consider each class separately.
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BOOK I.

OF THE ANALYSIS OF OXYDIZED BODIES.
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THE greater number of stony bodies, aod even some metallic
ores, belong to this class. Now the analysis of these bodies
consists of three series of operations which must be conducted
in succession. The object of the first is to know the quantity
of water or other volatile matter which the mineral may con­
tain. The object of the second is to ascertain the nature and
number of the fixed constituents. While the object of the
third is to determine the weight of each of these constituents.

CHAP. I.

METHOD OF DETERMINING THE QUANTITY OF WATER Oil OP

OTHER VOLATILE MATTER IN A MINERAL.

THIS is always the first step in the analysis of a mineral.
Because, till the quantity of volatile matter be known, we have
no data for estimating the accuracy of our anatysis. Nor can
we determine accurately the quantity of matter whicb we
must employ in order to ensure a correct result. The volatile
matter is always lost during the process, and a deficiency in
the weight would ensue, unless we knew its amount, which
could not be accounted for without supposing a mistake in
the analysis.

Water may exist in minerals in two states. It may be
chemically combined with the other constituents, or it may
be only mechanically (so to speak) mixed with them. When
a mineral is porous, the pores almost always imbibe water by
capillary attraction. But when a mineral is reduced to pow­
der, the particles lying light upon each other, leave numerous
interstices into which the air loaded with moistute ma~~% \.\.%
way. ;fJJis moisture is deposited and. teU\\t\e~ \l, ~~\~\a~.,
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attraction. Hence all powders contain water lodged between
their particles even when no combined water exists in them.

Many foliated minerals, as common salt, calcareous spar,
&c., when suddenly heated split \vith a crackling noise, which
is called decrepitating. This is a proof that such minerals
contain water lodged mechanically between their plates. The
sudden heat by con\·erting this water into steam, causes it to
expand and split the mineral in pieces, which occasions the
decrepitation.

When water is chemically combined it always exists in a
mineral in a determinate quantity. Indeed when the quantity
of combined water in a mineral changes, though the other
constituents remain unaltered, the properties of the mineral
alter, and it becomes a new species. Many examples of this
occur in the first part of tVis work, especially among magne­
sian, aluminous, and ferruginous minerals.

Some minerals contain carbonic acid, fluoric acid, muriatic
acid, or arsenious acid, all of which may be driven off by the
application of heat, provided the bases with which they are
combined do not retain them too powerfully. Thus carbonic
acid is easily driven off by a red heat when combined with
magnesia, oxide of zinc, oxide of lead, oxide of copper, oxide
of silver, or oxide of bismuth. But it requires a wbite heat to
drive it off \vhen combined with lime; and ,\\,hen it is united
to barytes or strontian, \\I'e cannot drive it off by beat \,'ithout
some peculiar contrivance. 1'hus we separate it if we mix
the pounded carbonate with charcoal po\vder, and expose tbe
mixture to heat; because the charcoal has the property of
decomposing tbe carbonic acid, and conv('rting it into carbonic
oxide, wllich has no sensihle affinity for barytes aud strontiao.

Fluoric acid may be driven off from most minerals by heat;
but a very high temperature is necessary for the purp~se.

Hence, ,vhen a mineral contains ,vater -and fluoric acid, we
may sometimes determine the quantity of each. Incipient
ignition ,vill drive off the water, and its quantity may be
ascertained by weighing the mineral before and after ignition.
Afterwards a white heat will drive off the fluoric acid, and the
additional loss of weight will determine its quantity. This
was the method employed by Bonsdorff, to determine the
quantity of fluoric acid in the different varieties of amphibole
which he analyzed.

When water only is present, as is the case with most mine­
rals, the process for detecting \\ \'& ea\\"i. C()\l.'\\\~t~()ise a
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platinum crucible- in the scales of a delicate balance, and put
into it 20 grains of the mineral, either in crystals or in a
coarse powder. Cover the crucible with its lid, and keep it
for a quarter of nn hour in a good red heat, either raised by a
spirit lamp, or a charcoal or coal fire. When the crucible is
cold enough to be handled, but not quite so cold as the air of
the room, put it again into the scale of the balance, and
observe whether it is still counterpoised by the weights in the
opposite scale. If not, add weights till tbe counterpoise is
exactly restored.t The weights thus added give you the
quantity of water driven off by the heat. Suppose 2 grains "
is required to be added to the scale containing the crucible in
order to restore the equilibrium. 'l'his showR that the 20
grains of mineral had lost 2 grains by ignition, and conse­
quently, that the water in the mineral amounts to ten per cent.

As powders have the property of imbibing moisture again
very speedily when exposed to the air, it is best to allow the
lid to remain on the crucible during the process of weighing.
The lid therefore should be weighed along with the crucible
at first. It is best also' to put the crucible into the scales
when about ten degrees hotter than the air of the room. Y011

cannot weigh with perfect accuracy, if the crucible be hotter
than the air; but 80 small a difference as ten degrees, which
is diminishing during the process of weighing, will occasion a
smaller error than is likely to arise from the imbibition of
water, if the powder, when weighed, be cold and fully exposed
to the air.

It is better not to reduce the mineral, whose water we
mean to determine, to a fine powder, but only to fragments;
because such fragments do not imbibe water so rapidly as a
fine powder does.

When we suspect the presence of any volatile gaseous sub­
stance in the mineral, together with water, the process to be
followed is different.

• It is convenient to have a brass counterpoise for the crociblc; but the
experimenter ought to be aware that a platinum crucible loses weight by
usc_ The crucible which I at present use in my analysel, is 11 grains
lighter than when I first began to employ it_

t The weights used by chemists are grains. I use the following weights :
1000, 500, 400, 300. 200, 100 grains"
50, 40, 30, 20, 10 grains"
9, 8, 7, 6, 5, 4, 3, 2, 1 grains_
0"9, O-S, 0-7, 0"6, 0"5,0-4, 0-3, 0-2, 0-\ ~a\t\.

0·09, 0·08, 0·07, 0·06, 0·05, 0-04, 0·03, ()-O~, O"\)\ ~ta\.\\.
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Weigh a small bottle glass retort, and mark on it the weight
with a diamond. Introduce into it 100 grains of the mineral
under examination, previously reduced to a fine powder. To
the beak of this retort, Ii gl888 tube about a foot long, aDd
filled with fragments of chloride of calcium that have been
fused, is to be luted. The fragments of chloride of calcium,
are to be of such a size as to leave a free passage to air, while
at the same time, they fill up the whole of the tube, which
ought to have a diameter of about lths or l of an inch. At the
two extremities of the tube, a little amianthul or cotton, most
be introduced, to keep the chloride ofcalcium from passing iDto
the retort or falling out of the tube. The glass tube is fitted
to the retort (so as to be air tight) by a perforated cork intro­
duced into the end of the tube, through which the beak of the
retort passes. To insure accuracy, the retort and tube ought
to be luted together by a ribbon of caoutchouc tied firmly to
the tube and retort by a string.· 'fhe tube with its chloride
of calcium, must be accurately weighed before it is luted to
the receiver.

The belly of the retort is placed upon a chaufFer containing
a charcoal fire. It must be cautiously beated at first to pre­
vent it from cracking. By degrees the heat is raised till the.
powder become distinctly red hot, and it must be kept red hot
for at least an hour, and then the whole is to be left to cool.
The retort and glass tube are then to be separated, cleaned,
and weighed. The loss of weight sustained by the retort,
gives the water and elastic fluid evolved by the heat from
the mineral. The increase of weight of the glass tube gives
tlte quantity of water, and this weight subtracted from the
loss sustained by the retort, gives the quantity of elastic fluid
evolved. Suppose the retort to have lost 20 grains, and
the glass tube to llave gained 15 grains, the inference would
be, that the mineral had given off 15 grains of water and 5
grains of elastic fluid.

If the proces8 has not been continued long enough, or if
. the quantity of elastic fluid evolved be very small, we obse"e

a little water in the beak of the retort. "fhis may be removed
by means of a slip of bibulous paper applied to the place where

• The best caoutchouc for the purpose, is what is sold in London in thin
sbeets. I besmear one side of such a ribbon with a varnish composed of
caoutchouc dissolved in naphtha, ,,"rap it tight round the place where the
tube and retort beak come in cont8£\, and then tic it firmly with a piece of

tM'inc.
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the water is lodged, taking care to determine its amount by
weighing the retort before and after it is dried. Should drops
of water appear attached to the beak of th~ retort, too high up
to ·be removed by bibulous paper, we mUlt proceed in the fol­
lowing manner:-The retort is first weighed. It is then
placed again on the charcoal fire, and heated till every part,
beak and all, is hotter than boiling water. We now posh 88

far into the retort as possible, a small glass tube open at both
ends, and quite dry. By drawing air from this tube with the
mouth, we cause a current of air to pass through the hot
retort, which in n few minutes renders the inside of it quite
dry. The retort being now weighed again, the loss of weight
sustained indicates the quantity of water which has been
driven off by this drying process.

The water driven off from minerals by hea~ may be col­
lected also in a small receiver attached to the beak of the
retort by lute. But the simplest way of examining this water,
is to put a quantity of the mineral into a thin glass tube shut
at one end. 1'he portion of mineral at the bottom of the tube
is gradually heated, almost to redness, over a spirit lamp,
while the tube is held in nearly a horizontal position. The
water is driven off by the heat, and is condensed in the cold
part of the tube. In this situation it may be easily examined
by re-agents, and its purity determined.

Some minerals, as mica, pyroxene, &c., when treated in
this way, give a few drops of acidulous water. The sour taste
is owing to the presence of a little tluoric acid; the presence
of which may be known by the following properties:-

(1.) When a drop of the liquid is evaporated to dryness on
a slip of glass, a particle of silica remains on the glass, easily
known by its white colour and insolubility in acids.

(2.) It gives a yellow colour to paper atained with brazil
wood.

In some cases the acid is the tluoboric. This acid does not
corrode glass. It renders brazil wood paper yellow; but
when the paper is dried, it becomes white in the place where
the acid liquid had been applied.

It is scarcely necessary to observe, that if any other sub­
stance, besides water, be distilled over, it must be examined
by the ruleR about to be giveD.

Porcelain retorts may be used instead of green glass ones.
Indeed, when the mineral requires to be eX\losed to \\. ~~\'\R.
heat, as is the case when our obje·ct is to nn'le 01. \\\~ ~u\\n~
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acid, no other retorts but those of porcelain can be employed.
The best porcelain retorts are those of Berlin.· They bear
sudden changes of temperature without cracking, much bettew
than those made in this country. The small Wedgwood
retorts occasionally employed in this country are very bad.
They seldom stand two processes, and often crack the first
time we attempt to heat them.

When we have ascertained that a mineral when exposed to
a red heat, besides water, gives out some other gaseous sub­
stance, the next point is to determine the nature of the gase­
OU8 body evolved. For this purpose a bent tube is to be
luted to the extremity of the tube containing the chloride of
calcium, and by means of it the gas is to be conducted to a
glass jar standing over a water, or mercurial trough. If it
render lime water or barytes water milky, it is carbonic acid.
If it occasion a curdy precipitate when passed through a solu­
tion of nitrate of silver, it is chlorine. If it produces no sensi­
ble effect with these re-agents, but causes a stick of phosphorus
wben immersed in it to smoke, while the gas gradually dis­
appears, it is oxygen gas. Scarcely any other gas except
these three, is evolved when minerals are exposed to a red
heat. Should any others make their appearance, the mode of
determining their nature will be given afterwards.

CHAP. II.

ME1'HOD OF DETERMINING THE NATURE OF THE FIXED

CONSTITUENTS OF MINERALS WHICH ARE BASES.

IT is needless to attempt a rigid analysis of a mineral till we
know the substances of which it is composed. Because the
plan of analysis cannot be devised or arranged till we are
aware what the bodies are which must be separated from each
other. This second step of the analysis then is an essential
one, and ought never to be neglected.

1. Before we can detect the constituents of a mineral, we
must have it in a state of solution. Some of the minerals
(most of the zeolites, for instance) may be dissolved at once

• Dresden porcelain is said to be equally good, but I have never tried
it. Sevrc porcelain, from l)an~, \t!l a.ll'- \0 c,tae'v-.. \t\ \~~ ~\~1..\~~..
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in an acid; but the greater number are not acted on by acids
till they have been heated with a fixed alkali.

When a mineral is directly soluble in acids, we may employ
either nitric or muriatic acid as the solvent. But muriatic
acid is preferable, except in certain cases, which will easily
suggest themselves to an analyst acquainted with the proper­
ties of the constituents of mineral bodies. It is needless to
obse~e, that the acid employed should be pure. Were it
contaminated with sulphuric acid, for example, it would not
dissolve the mineral completely if it contained lime, strontian,
or barytes.

The first step' of the process is to reduce the mineral, under
examination, to powder. This is a most important part of
the process; the success of an analysis sometimes depending
upon the reduction of a mineral to a very fine powder. This
was well exemplified, in my laboratory, a good many years
ago :-1 gave to two of my practical pupils, a quantity of
chrysoberyr from Brazil, to analyze. One of the gentlemen
was at great pains in pounding it, and reduced it to the finest
possible powder. He fused it with thrice its weight of anhy­
drous carbonate of soda, and kept it in that state for a couple of
hours. It was thus rendered soluble in muriatic acid, and the
analysis was happily conducted and finished in a few days.
The other gentleman was not at the same pains in pounding
his portion of the mineral. After fusing it successively with
carbonAte of soda, and then with caustic potash, and spending
a great many days in these disagreeable repetitions, he was
unable to render the mineral soluble in muriatic acid, and
gave up the analysis in despair. On examining the powder
on which he had been operating, I showed him that it had not
been made fine enough, and satisfied him by a repetition of
the process, that want of care in pounding was the only rea­
son of his failure.

The mineral to be pounded (if it happens to be in a mass,
as is usually the case) must, in the first place, be broken into
small fragments. This is easily accomplished by means of a
hammer and anvil, which ought therefore to be kept in every
laboratory where minerals are analyzed.

The fragments thus obtained, are to be introduced one by
one into the steel mortar employed for pounding diamonds,
and therefore called a diamond mortar, and by repeated blows
of the hammer, reduced to a moderately fine \l()wd~'t. Th~

diamond mortar cODsists of a cylindrical ve.e\ ()~ ~()\.\~~~
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steel, about 2 inches in diameter, and 11 inch in depth. Into
this cylinder, another cylinder or ring of steel is fitted. It
goes to the bottom of the first cylinder, and is fixed in ita
place by two pieces of iron which pass through two holes io
the outer cylinder, and penetrate 80 far into this internal
cylinder or ring. This cylinder is about an inch and a half in
depth, and has a circular hole in the centre about t inch in
diameter, and open both above and below. A pestle of steel is
ground to fit this cylinder. The fragments of the mineral to
be pounded are introduced into the cylinder one by one, the
pestle is put into its place, the mortar is laid on the anvil, and
by repeated strokes of the hammer, the fragment is reduced
to powder.

A little of this powder (not more than two or three grains
at a time) is put into a small chalcedony mortar, and pounded
by means of a chalcedony pestle till it feels quite smooth under
the pestle, and till it begins to cohere together. A little
perseverance and address will eDable us by this process alone
to bring the mineral to a powder sufficiently fine. But if we
are afraid that some particles may have escaped the action of
the pestle, when the stone is very hard and difficult to pound,
the best way is to pound the whole a second time, adding a
little distilled water, and rubbing it upon the chalcedony mortar
till the whole is reduced to the consistence of cream. This
cream is to be washed into a glass jar, and stirred up with
water. After allowing it to stand a few seconds, that the
larger particles may fall to the bottom, the milky liquid is
poured off, and the coarser particles are ground anew, mixed
again with water, the milky liquid again poured off, and these
processes of grinding and floating are continued till the whole
is reduced to so impalpable a powder that it has been all floated
off without leaving any residue whatever.

This fine impalpable powder is allowed to subside, the water
is drawn off, and tile powder dried, first on the sand bath, and
afterwards by exposure to a red heat in a platinum crucible.

It is scarcely possible to grind a mineral in this manner
without loss, and in some cases it is essential to know precisely
the amount of this loss, because when the mineral is very hard
(as sapphire, corundum, chrysoberyl,) a portion of the chalce­
dony mortar is ground down along with it. Before beginning
to pound such a mineral, the chalcedony mortar must be
weigbed, and its weight noted down. W~jgh it again after
tJ,c process is finished ~ t\\e l\\~et~l\ee\)e\'\~~~~~~ \~\) ~~\~~--
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gives you the quantity of matter which has been abraded from
the mortar.

In like manner the mineral is to be weighed before we begin
to pound it, and the pounded mineral is to be weighed after
having been exposed to a red heat. The knowledge of these
particulars will enable us to determine the quantity of silica
abraded from the mortar which is contained in the powder to
be subjected to analysis. .

Let the loss of the mortar, = 4: grains.
weight of unpounded mineral, = 20
weight of powder collected, =22

To discover the· quantity of silica from the mortar contained
in these 22 grains, we say, 24 : 4 : : 22 : 31 =quantity of
silica from the mortar contained in the 22 grains of powder.
Hence that powder is composed of

Pure mineral,
Silica from mortar,

The general formula is 8S follows :-
Let weight of mineral, =a

loss of mortar, =b
weight of powder, =e

Silica abraded from the mortar, contained in the powder, = ~.

Then be
x=a+b

It is needless to observe that when the mineral is analyzed,
this portion of silica must be carefully subtracted.

The powder should be weighed before the crucible is quite
cold. It is best to weigh it in the crucible in which it is to
be afterwards fused, because it is scarcely possible to transfer
a very fine powder from one vessel to another without loss.

When the mineral uDder analysis is soluble in acids, we
counterpoise a clean glass flask, and then introduce into it,
while still in the scales, the quantity of powder which we
mean to examine; or we may weigh the powder in a watch
glass, and after introducing as much of it as we can into the
flask, wash in the remainder by letting fall into the watch
glass, while held inclined over the mouth of the flask, a small
stream of distilled water from the extremity of a sucker. If
this method be carefully executed, it occasions no loss what­
ever. Muriatic acid is now poored into the flask in sufficient
quantity to dissolve the powder. In general it is better to
dilute the acid with twice its bulk of water; thou~h. t~~l.~ \\.,~

some casel, to be noticed afterwards, when \he a~\~ \% ~~\\.~\,~~
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to be as concentrated as possible. The flask being placed on
the sand bath, is allowed to remain till the whole powder is
dissolved. We ought to watch the moment when the solution
is complete, because soon after this the silica (if it be a con­
stituent of our mineral) assumes the form of a jelly, and if this
be allowed to remain a little while in the vessel it adheres 80

firmly to the bottom of the flask that it cannot be washed out.
When~from an oversight of this nature the silica, or a portion

of it, adheres to the inside of the flask, we must not attempt to

remove it by drawing a glass rod over the adhering portion.
l'his would not remove the whole of the silica, but it would
almost always be sure to destroy the flask, by driving out its
bottom. "fIle best \vay is to pour some dilute potash or soda
ley into the flask, and place it again 011 the sand bath. In a
few minutes the whole adhering silica will be dissolved, while
the flask, if the ley be dilute, will not be attacked. This ley
being poured out is to be saturated with muriatic acid, and
evaporated to dryness in a porcelain vessel. Water will dis­
solve off the chloride of potassium or sodium and leave the
silica, which may be washed, dried, and ignited.

Some minerals dis..~olve easily in acids before ignition, but
lose their solubility after being deprived of their water by
exposure to a red heat. Many of the zeolites are in this
predicament; they are hydrous silicates of alumina, lime,
soda, &c. In such cases one portion of the mineral must be
employed to determine the quantity of water which it contains,
and another for solution in acids.

Minerals soluble in acids are in general soft and easily
pounded. They never abrade the chalcedony mortar.

When a mineral is insoluble in acids, we in general give it
solubility by mixing it with twice or thrice its weight of anby­
drous carbonate of soda, and keep the mixture in a state of igni­
tion for about an hour in a platinum crucible. The mineral and
the carbonate are first intimately mixed together by rubbing
them together in a mortar. Should any thing adhere to the
mortar it may be removed by triturating in it a new quantity
of carbonate of soda, which is to be added to the mixture. In
some cases tile mineral requires more than twice its weight of
carbonate of soda to render it soluble; in some rare cases as
much as six times its \veight of that alkaline carbonate is
requisite.

The crucible, covered with its lid, is exposed at first to a
gell tIc IJcat, \\,hich is gtad\\a\\~ \\\~t~\\%~~ \() \.~'\\\.~\\\\,a'\\.d it is
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kept in a red heat for about an hour. Towards tbe end of the
process it is good to raise the heat sufficiently to produce
fusion. If we raise the temperature at once high enough to
produce fusion, the carbonic acid, if the mineral contain much
silica, is driven off so rapidly that portions of the melted matter
are dashed about, and may be lost by running out between the
crucible and the lid. It is not necessary to raise the tempera­
ture 80 high as to produce fusion, thougb I generally do so.
The whole process may be conducted over a spirit lamp, but
in general it is more convenient to make use of tbe fire which
is kindled for heating the sand bath.

Some minerals cannot be decomposed or rendered soluble
by heating them with carbonate of soda, but require to be
ignited with caustic potash, or soda. 1'his is the case with
minerals containing zirconia, oxide of tin, and perhaps also
columbic acid. Though I find that I can make minerals con­
taining this acid soluble by fusing them with a sufficient
quantity of carbonate of soda.- When a caustic alkali is
employed, we must employ a crucible of pure silver, because
the caustic alkalies act upon platinum. The mineral (previ­
ously reduced to a very fine powder) is weighed in the cruci­
ble, and then mixed with from four to six times its weight of
the alkaline h)pdrate. 1'he application of the heat requires
very great care, because the hydrate of potash melts easily,
and the escape of its water during the process occasions a
boiling and agitation by which portions of the mixture are
apt to be driven out and lost. The crucible should be deep
and covered with a lid. l"he heating is best performed over
a spirit lamp, which may have a circular wick, and a short
copper chimney. This gives a sufficient heat, and it can be
conveniently applied. Too high a temperature would fuse
tbe crucible. When the water has been driven off, tbe mix­
ture in general loses its fluidity. The crucible should then
be raised to a red heat and kept in that state for an hour.

When the process is concluded, and the crucible allowed to
cool, the next step is to dissolve the whole matter contained
in it in dilute muriatic acid. When carbonate of soda has
been employed, and the beat never so high as to fuse the
mixture, if we invert the crucible over a porcelain dish, and
give it a few gentle blows with a hammer, the mixture is

• I have succeeded also with the zircon when sufficient cue \.'A \.\).""~ ~

reduce it to the finest possible powder.
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loosened and readily drops out. But when fusion has taken
place, the matter adheres so firmly to the crucible that we can
seldom disengage -it in that way. We must in such a case
pour the dilute muriatic acid into the crucible till it fill about
two-thirds of it, and place the crucible on the sand bath
covered with a slip of glass till it ceases to effervesce. The
liquid is then poured into a porcelain basin, taking care to
scrape the surface of the undissolved portion with a platinum
spatula. More dilute muriatic acid is poured into the cruci­
ble, and the same steps repeated till a complete solution is
effected.

H we employ muriatic acid sufficiently dilute, and if the
mineral has been sufficiently acted on by the carbonate of
soda, a complete solution is obtained, or only a few white
flocks remain undissolved, easily distinguishable from unde­
composed mineral. H any portion of the mineral has escaped
the action of the alkaline carbonate, it will be seen at the
bottom of the basin in the form of a dense heavy powder. If
the muriatic acid be too strong, the silica instead of dissolving
is separated in white flocks.

The porcelain basin is now placed on the sand bath, and
the liquid in it slowly evaporated to dryness. To prevent
any dust from falling into it while the evaporation is going
on, lay two glass rods, or two platinum wires across the
mouth of the basin, and cover its surface with a piece of
wrapping paper. When the liquid has become concentrated,
if the mineral contains a considerable portion of silica, the
silica assumes the form of n jelly, transparent and tremu­
lous, and often tinged yellow with iron, which is a very
general constituent of minerals. When this jelly has become
a little stiff it should be scraped off the bottom with a plati­
num spatula, and very frequently stirred till it is converted
into a dry powder. It is best to continue tbe heat till the
powder ceases to give out muriatic acid fumes. For unless
this be done a portion of the silica is apt to retain water,
which causes it to dissolve partially again when water is
poured on the powder.

'\\7hen the powder is dried in this way, the oxide of iron,
alumina, and even the magnesia, should such bodies be
present, have generally lost a portion of their acid, and have
in consequence become partially insoluble in water. To
restore their solubility the dry ma88 is to be moistened with

concentrated muriatic acid, ann \ne t\\\)U~ \)\ \\\.~ '~VR.\ being
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covered with a glass plate, it is left for one or two hours 011

the sand bath exposed to a gentle heat. Water is then to be
poured into it, and after a little digestion the whole is to be
thrown on a filter. The dissolved portion passes through,
but the silica, which is in the state of a fine white powder,
remains on the filter. It must be washed with boiling hot
distilled water till the filtered liquid ceases to be affected
by nitrate of silver; a salt which causes a white tlocky pre­
cipitate to appear as long as any muriatic acid is contained
in the water which passes through.

The washing of a filter requires some precautioDs, other­
wise the upper part of the paper is apt to retain a portion of
the solution after the under part is washed.
This is prevented by employing the glass
tube represented in the margin, which,
from the mode of using it, may be called
a sucker. It is about fifteen inches long,
and the upper extremity has an internal
diameter of about half an inch, but at the
lower end it narrows so as to be almost
but not quite capillary. About two inches
from the upper end the tube is blown by
the lamp into a spherical cavity capable
of holding about a cubic inch of water.
The narrow end of the sucker is dipt into
the hot water, and by the mouth which is
applied to the other end, the water is
drawn into the tube till the spherical cavity
is filled. We then place the sucker in
such a direction that the jet of water forced
out of it with some violence by the action
of the cheeks strikes against the upper edge of the filter, and
we gradually turn the filter round 80 that the water may
strike against every part of the upper edge. This proces8
is continued without intermission till the upper edge of the
filter is quite tasteless, and till the water which passes through
the filter is not precipitated by nitrate of silver. A good deal
of washing, and fgr a cODsiderable time is requisite before
these objects are accomplished. But they are indispensable
if we wish to obtain accurate results.

When the mineral had been fused with caustic potash in a
silver crucible, and the fused mass dissolved out with mUlia-t.ie
acid, the silica is always mixed with some c'h\anne Q\ t.\\~~~ ..
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1'his chloride may be removed by digesting the silica in
caustic ammonia; but it is better to avoid the formation of
chloride of silver altogether. This may be done by dissolv­
ing the matter out of the crucible by distilled water, and not
adding the muriatic acid till we have got the whole into a
porcelain basin.

While the muriatic solution is evaporating care should be
taken not to allow it to boil, because whatever is driven upon
the paper cover is lost. When the liquid has become so concen­
trated that strong muriatic acid fumes are exhaled, we should
remove the paper cover altogether, because if allowed to remain
it would be corroded and would at last fall into the acid liquid.
This would not only be troublesome from the quantity of
paper flocks mixed with the constituents of the Dlilleral, but
it would render the results inaccurate, because the earthy con­
stituents of the paper thus corroded would be confounded
with those of the mineral.

The silica thus separated, to be pure, must possess the fol.
lowing characters :

(1.) It is a fine white powder and continues white after
ignition. It feels gritty between the teeth.

(2.) When digested in muriatic acid after having been
exposed to a red heat it is altogether insoluble.

(3.) After ignition it is tasteless and quite insoluble in
water.

(4.) 'Vhen heated before the blowpipe with its own weight
of anhydrous carbonate of soda it fuses, with a strong effer­
vescence, into a transparent colourless glass. This is the
usual test by which pure silica is recognised by chemists.

(5.) When silica has been dried, but not exposed to a red
heat, it dissolves completely when digested in a ley of caustic
potash or soda. The solution is colourless and does not gela­
tinize however cOlleentrated.•

(6.) If we mix it after ignition with 3·375 times its weight
of anhydrous carbonate of soda, and expose the mixture in a
platinum crucible to a strong red heat, it fuses into a colour­
less glass, which, when pounded and L digested, dissolves in
water without leaving any residue.t

(7.) Dried (but not ignited) silica dissolves readily by the

• Even after ignition silica dissolvcs in alkaline ]eys, but the process is
slow.

t If the silica contain any lime, barytes, strontian, or loagnesia, the glus
JOrmed is not completely soluble in ~a\~t.
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assistance of heat in solutions of carbonate of potash or soda;
but on cooling the solution assumes the form of an opal­
coloured jelly, which is the stiffer, and forms the more rapidly,
the more concentrated the solution is. "fhis solution succeeds
also when ignited silica is used, but it is much slower and
more imperfect.

(8.) Flnoric is tile only acid which dissolves silica after it
has been dried in a red heat. The solution takes place rapidly,
and the more so the more concentrated the fluoric acid is;
when it is so strong as to smoke when exposed to the air, the
solution of the silica sets so much heat at liberty that the
whole acid is raised to the boiling temperature. rrhese expe­
riments must be made in vessels of silver or platinum, because
fluoric acid instantly corrodes glass.

(9.) When a soluble combination of silica and an alkali is
dissolved in a great deal of water, if we pour muriatic acid,
or, indeed, any other acid, into the liquid, the silica is not
precipitated, but remains in solution. If we now evaporate
this liquid till it has reached a certain point of concentration,
and then allow it to cool, the silica assumes the form of a
white jelly, exceedingly similar to a jelly of isinglass. If we
pour water upon this jelly, the greater part of the silica sepa­
rates in white flocks, but a portion dissolves again. This is
the reason why it is necessary to bring the muriatic acid solu­
tion of a mineral containing silica to the state of a dry powder
before we attempt to separate the silica.

All deviations from these properties indicate the presence
of a foreign body in the silica. It is necessary in such cases·
to treat the silica again with an alkaline carbonate, as we did
with the mineral at first; we must then get a solution of the
whole in muriatic acid, and proceed as before, till we separate
the foreign body from the silica.

II. The filtered liquid thus freed from silica contains the
remaining constituents of the mineral in solution, combined
with muriatic acid and mixed with abundance of common
salt. There is also an excess of muriatic acid present. This
liquid, together with the water employed in washing the silica,
is to be put into a porcelain basin and evaporated on the sand
bath till its volume is reduced to about ten cubic inches_t

• For example, when it fuses into a coloured glass with carbonate of
soda.

+ To economise time, which is an object in chemical anal16~\ l \l.~\l.~\\.,

reserve the last washingtr ot the silica, contain\ng vet, \\\\\e. \.\\\\\\,~\\.'! • ~~~

II. 2 B
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The excess of muriatic acid is then to be nearly saturated by
pouring into it carbonate of ammonia, taking care to agitate
the liquor strongly and for some time, in order to get rid of
the carbonic acid; and to make sure of this a little excess of
muriatic acid ought to be allowed to remain in the liquid.
To make sure of the escape of all the carbonic acid, it is best
to beat the liquid almost to the boiling temperature and then
allow it to cool.

This done we pour into it caustic ammonia, till the liquid,
after agitation, smells sensibly of that alkali. Unless we add
ammonia in excess, the precipitate which falls is apt to contain
muriatic acid, and is in part redissolved again while we are
washing it on the filter. But we should avoid a great excess
of ammonia, because it might dissolve a portion of some of
the substances at first precipitated.

l'he ammonia throws down every base which the solution
can contain, except the fixed alkalies, barytes, strontian, lime
and magnesia. If the solution contained protoxide of man­
ganese, a portion of it will remain in solution, and the more
the greater the proportion of sal ammoniac \vhich our liquid
contains. Magnesia will be partially precipitated by the
ammonia, unless the solution contains enough of sal ammoniac
to convert the whole magnesia into a double saIL If iron be
present in the solution, and if ,,'e have not converted it into
peroxide, a portion of protoxide of iron will also remain in
solution.

Should oxides of zinc, nickel, cobalt or copper, be present,
the greater part of these oxides would remain in solution.
But these bodies are rare ingredients, except in ores: we
shall therefore defer giving an account of the mode of detect­
ing them till we come to the second book of this treatise.

III. The ammonia precipitates certain earths and metallic
oxides. We leave the whole in a cylindrical gla.q jar, the
mouth of which is covered with a plate so as to exclude the
external air till the precipitate subsides, which it does slowly.
The clear liquor above the precipitate is now carefully drawn
off, by means of a sucker, and preserved. The precipitate,
thus freed from a considerable portion of the liquid, is mixed
with distilled ,,"ater and thrown upon a filter: it must then
be washed with boiling hot distilled water till every thing

muriatic liquor is evaporated almost, but not quite, to dryness, and then
mixed with these washings. This serves two purposes; it saves time aDd
it gets rid of a good deal or the e'1ee~, ()t U\\\.t\"C\.\\~ ~cid. ~esenL
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soluble is removed. This process is tedious, especially when
the precipitate contains much alumina, because alumina forms
a plastic jelly-looking mass, through which water filters but
slowly.

IV. The liquid which passes through the filter may contain
any or all of the alkaline earths. I t may also contain portions
of any of the metallic oxides that are soluble in ammonia;
namely, oxides of zinc, manganese, nickel, cobalt and copper.
Oxides of zinc and manganese do not communicate any colour
to the liquid; oxide of copper gives it a blue colour, with a
shade of red, oxide of nickel communicates a pure sky-blue,
and oxide of cobalt a reddish-brown colour.

The first thing to be done with this liquid is to mix with it
a few drops of sulpho-hydrate of ammonia; if a precipitate
fall, it indicates the presence of one or more of these metallic
oxides. Let this precipitate be collected, washed and dried,
upon a slip of glass or a piece of platinum foil. I t consists
of one or more metallic 8ulphurets.

(1.) Sulphuret of cobalt and nickel have a greyish-yellow
or yellowish-grey colour, and when heated acquire something
of the metallic lustre. Sulphuret of manganese, while still
moist, is yellowish, but when heated it becomes green; sul­
phllret of zinc, - while moist, is white, but when heated it
acquires a yellowish colour.

(2.) The easiest way of determining the nature of the metal
in these precipitates is to test them before the blowpipe. The
following instructions will enable the young analyst to accom- .
plisb this object.

The first step is to roast the sulphuret on charcoal, by the
cautious application of the blast, taking care not to fuse it,
which would prevent the object in view. 'fhis roasting must
be continued till the whole of the sulphur is driven off, and
the metal reduced to an oxide.

Sulphuret of zinc does not fuse, but it forms an annular
deposit of the oxide of zinc, when strongly heated in the ex­
terior flame on charcoal. When heated with carbonate of
soda the zinc is reduced, and in a good flame burns, and flowers
of zinc are deposited on the charcoal.

Sulphuret of manganese, when properly roasted on charcoal,
is converted into brownish 8cori~, constituting an oxide of
manganese. When this oxide is fused with carbonate of soda

• It is, in fact, a 8ulpbo-bydrate ot '1\ne.
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before the blowpipe, a green transparent bead is obtaiDed,
which on cooling becomes bluish-green and opaque. This
experiment is best made on platinum foil. A very minute
quantity of manganese may be detected by this colour. With
borax it fuses into an amethyst-coloured glass, which loses its
colour in the reducing flame; but if we add a little nitre and
fuse again, the amethyst colour is restored \\·ith considerable
intensity. If the quaQtity of manganese be considerable,
compared with the borax, the glass in the exterior flame be­
comes so deep coloured as to appear black. With biphosphate
of soda it fuses into a transparent colourless glass in the re­
ducing flame, and an amethyst-red in the oxidizing ftame;
but never so deep as to render the glass opaque.

Sulphuret of copper, after the sulphur has been driven off,
melts with carbonate of soda into a fine green glass, which
loses its colour and transparency on cooling. With borax in
the oxidizing flame it fuses into a fine green glass, which be­
comes colourless in the reducing flame; with biphosphate of
soda it·fuses and exhibits the same phenornena as with borax.
If the quantity of copper be so small that the. blue colour can­
not be developed in the reducing flame, add a little tin to the
assay and continue the blast. 'l-'he bead now becomes red and
opaque on cooling. If the blast be kept up too long, the copper
precipitates in tbe metallic state, and the colour is destroyed.

Sulphuret of cobalt, after being roasted, fuses readily with
borax or biphosphate of soda into a transparent blue bead.

Sulphuret of nickel, after being roasted on charcoal, readily
fuses with borax or biphosphate of soda into an orange-yellow
or reddish glass, which becomes yellow or almost colourless
by cooling. If the proportion of oxide of nickel be great the
glass is opaque and dull brown while in fusion, but 011 cooling
becomes dull red and transparent. It behaves in the same
way in the oxidizing and reducing flames; tbis distinguishes
nickel from iron, which, in the colours that it communicates, it
much resembles.

After determining the kind of metallic oxides, if any be
present, in the solution, we next test it for lime, barytes, "
strontiall, and magnesia.

1. The presence of lime is indicated by the white precipi­
tate produced when the liquid is mixed with oxalate of am­
monia. 1'0 apply this test put a little of the ammoniacal
liquid into a watch glass, and let fall into it a drop of the

aqueous solution of oxa\ate oi amma'\\\\\. rr~~ ~te6ence of
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lime in the liquid will be immediately indicated by a white
precipitate appearing in it.

Should the presence of oxide of manganese have been
indicated by the application of sulphohydrate of ammonia, and
the consequent examination of the precipitate; it is possible
that the white precipitate produced by the mixture of oxalate
of ammonia may consist of oxalate of. manganese instead of
oxalate of lime. To decide the matter,' we must collect, wash,
and dry a little of tbe precipitate, and then heat it to redness
on a piece of platinum foil. If it consisted of oxalate of lime,
it will become grey, and will dissolve with effervescence in
muriatic acid, except a few flocks of charcoal. If it consisted
of oxalate of manganese, it will become black after ignition,
and will dissolve in muriatic acid, giving out a stroilg smell
of chlorine. 1'he solution will be colourless, and will be
precipitated yellow by sulphohydrate of ammonia, whereas
the solution of the lime in the same acid will not be precipi­
tated at all by sulphohydrate of ammonia.

In applying the test of oxalate of ammonia to detect the
presence of lime, the liquid should be dilute. If too much
concentrated, barytes and strontian might be thrown down as
well as lime.

2. Sulphate of soda in solution, wilen added to tbe liquid,
detects the presence of barytes and strontian by throwing
down a white precipitate. The liquid is to be tested for
these t\\'O bodies in the same way as for lime.· '1'0 determine
whether the precipitate be sulphate of barytes or sulphate of
strontian, we saturate a few drops of the ammoniacal liquid
with muriatic acid, and then let fall into it a drop of fluosilicic
acid. A precipitate will appear if it contain barytes, but not
if it contain only strontian.

3. Should none of these three alkaline earths be present, we
must next test the ammoniacal liquid for magnesia. l'his is
done by saturating a few drops of it with phosphoric acid, or
dropping into it a little biphosphate of ammonia. If magnesia be
present a white precipitate falls, or at least lines drawn on the
watch glass containing the liquor will become visible in a few

. minutes by the precipitation of a little ammonia-phosphate of
magnesia. Should our liquid contain lime, we must precipi­
tate the whole of that earth from it and filter the solution
before we test it for magnesia. Because phosphoric acid and
biphosphate of ammonia have the property of tht\)~\,\" ~\),~,"

lime from its solution in acidtJ.
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v. Having thus ascertained the nature of the substances
which remain in solution, we must next turn our attention
to the precipitate which was thrown down by ammonia, and
which had been carefully washed on a filter. We dry it npon
this filter without exposing it to heat.

The precipitate thus obtained is put into a flask with a
sufficient quantity of moderately strong potash or soda ley,
and boiled on the sand-bath for an hour, or for several houn,
jf the quantity be cODsiderable. The potash will dissolve the
alumina and glucina should these earthy bodies be present,
while it leaves the other constituents undissolved.

When the boiling has been continued till every thing soluble
has been taken up, we allow it to cool, and throw the whole
on a filter to separate the dissolved from the undissolved
portion. The filter is to be washed with the same precau­
tions as before indicated, till every thing soluble is carried
off.

The alkaline liquid, together with the washings, being
reduced to a quantity sufficiently small for convenient exami­
nation, is saturated with muriatic acid, added in such exce88,
as to dissolve the whole of the precipitate which at first
appeared. Then add a sufficient quantity of carbonate of
ammonia to throw do\vn the whole earthy matter held in
solution, and put the mixture into a glass phial with a ground
stopper. Let it remain at rest till the precipitate has sub­
sided, and draw off the clear liquid by means of a sucker.
Pour over the white precipitate a considerable quantity of
a moderately strong solution of carbonate of ammonia, replace
the ground stopper, and agitate the whole pretty strongly at
intervals for several hours. Then allow the undissolved por­
tion to subside. Draw off the clear liquid, and pOUI"jng in an
additional portion of carbonate of ammonia, repeat the agita­
tion as before. The carbonate of ammonia ,vill dissolve the
glucina, should any be present; but it will leave the alumina
in the state of white, light, and very fine flocks.

The undissolved alumina is separated from the ammoniacal
solution by means of a filter, which is to be washed with the
precautions already described.

Boil the ammoniacal liquid in a flask, till the greatest part
of the ammonia is expelled. It becomes milky, and deposits
the glucina under the form of a bulky white powder.

If the carbonate of ammonia be employed in very great ex­
cess, it dissolves not on\)T the ~\\\c\\\a,,\)\\\a ~\)'t\\.\)~ aU\\) \){ \\\.~
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alumina. l"his portion renders the liquid muddy as 800n as
it begins to boil. It might be separated by stopping the pro­
cess, and allowing the alumina to subside before we separate
the glucina.· The precipitate thus obtained, is a mixture of
alumina and glucina. Add a little carbonate of ammonia, and
set it aside for a few hours to digest. The glucina will be
dissolved, and will leave the alumina unaltered.

Glucina, when separated, washed, and dried, is a soft white
powder, without taste or smell. It is insoluble in water, but
dissolves readily in acids, provided it has not been exposed to
a red heat. Its acid 801utions are colourless, and are distin­
guished by a sweet taste.

Glucina is precipitated from its solution in acids, by a 801u­
tion of potash, ill a voluminous precipitate, which dissolves
completely in an excess of potash. If this experiment be
made with a solution of sulphate of glucina, the solution,
though set aside, deposits no crystals of alum. This circum­
stance readily distinguishes glucina from alumina.

Ammonia produces equally a voluminous white precipitate
when poured into solutions of glucina, and the precipitate is
not re-dissolved by an excess of ammonia; nor is it prevented
from falling, though a quantity of sal ammoniac be mixed with
the solution.

A solution of carbonate of ammonia likewise produces a
bulky precipitate in solutions of glucina, which is re-dissolved
in an excess of the carbonate. This also distinguishes glu­
cina from alumina.

Carbonate or bicarbonate of potash acts in the same man­
ner; only it requires a greater excess of these bodies than of
the carbonate of ammonia to re-dissolve the precipitated glu­
cina.

Alumina, when pure, is a 80ft, white, tasteless, powder,
bearing extemally considerable resemblance to glucina. It
is insolu8le in water, but dissolves readily in acids, provided
it bas not been ignited. After ignition, it dissolves slowly in
muriatic or sulphuric acid by digestion on the sand-bath. The
acid solutions of alumina have a sweet and astringent taste.

Like glucina, alumina is precipitated from its solutions by
caustic potash, and the precipitate is again re-dissolved by
adding the potash in excess. It is also precipitated by am­
monia, but no excess of this alkali re-dissolves it. It is pre-
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cipitated equally by carbonate of potash, bicarbonate of potash,
and carbonate of ammonia; but no excess of these carbonates
is capable of re-dissolving the precipitate.

When to a solution of alumina in sulphuric acid we add
sUlphate of potash, or sulphate of ammonia, and set the 801u­
tion aside, crystals of alum are gradually deposited in it, easily
recognizable by their octahedral shape and by their taste.

VI•.The portion of matter undis80lved by the caustic potash
ley must now claim our attention. In general it consists of
peroxide of iron, or of a mixture of peroxide of iron and ses­
quioxide of manganese; but it is possible also that it may
contain yttria, zirconia, oxide of cerium, and even oxide of
uranium. The yttria, zirconia, and protoxide of cerium are
white, the peroxides of cerium and uranium are yellow, and
the peroxide of iron red. The first thing to be done is to
digest the whole in muriatic acid. A few white flocks com­
monly remain undissolved. They consist usually of silica,
though in some rare cases it is possible that they may consist
of columbic acid, or even of titanic acid.

We determine whether it be silica by fusing it before the
blowpipe with carbonate of soda. It melts \vith effervescence
into a colourless bead.

Columbic acid is white and tasteless as well as silica, and is
equally infusible before the blowpipe per se. When heated
with carbonate of soda an effervescence takes place, but the
oxide neither dissolves nor is reduced. \Vith borax it forms
a colourless transparent glass, which becomes opaque by
flaming, and if the proportion of oxide be large, it assumes on
cooling the appearance of a \vhite enamel. \Vith biphosphate
of soda it fuses easily, and in large quantity, into a transparent
glass, wbich retains its transparency after cooling.

Titanic acid, when pure, is white, but it is usually combined
with some peroxide of iron, which gives it a reddish-yellow
colour, more or less deep according to the quantity of iron
present. This substance, like silica and columbic acid, is
infusible per se before the blowpipe. With carbonate of soda
it fuses with effervescence and sputtering into a dull yellow
transparent glass, which is not absorbed by the charcoal, and
becomes white, or greyish:-white on cooling. Ffhis globule
has tile property of crystallizing at the moment it ceases to be
ignited, disengaging at the same time so much heat, that the
globule ignites afresh, and even becomes white hot. The .
ilJtensity of this pl\enomenQn (\e~~t\n~ ~\\\.~~~ \)"{\ \\\~ ,.\\\\'\\. and
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titanic acid being exactly in tlte proper proportions, an excess
of either ingredient greatly diminishing or entirely destr~ying

the appearance.
With borax (on platinum wire) titanic acid fuses readily

into a colourless glass, which becomes milk white by flaming.
If the proportion of acid be increased, the glass turns white
spontaneously on cooling. If the quantity be small, the glass
becomes first yellow in the reducing flame, and when the
reduction is complete it assumes a dull amethyst colour, which
becomes more distinct when the bead cools. This glass is
transparent, and a good deal resembles that of the oxide of
manganese, acted on by the oxidizing flame, but inclines
rather more to blue. With a larger portion of titanic acid the
glass becomes dull yellow on charcoal in the reducing flame,
and on cooling acquires so deep a blue colour that it appears
black and opaque. If it be then flamed, it becomes light blue,
but opaque and like enamel.

Biphospbate of soda dissolves titanic acid in the exterior
flame, and converts it into a clear colourless glass. In the
reducing flame the glass appears yellowish-white while hot,
but on cooling it becomes at first red, and then assumes a very
beautiful bluish violet colour. With too large a quantity 0_

acid tbe colour is so deep that the glass seems opaque, with­
out having the appearance of enamel. The colour may be
discharged by the exterior flame.

If the titanic acid contain iron, the violet colour derived
from the protoxide of titanium does not appear, and in the
reducing flame the glass assumes a red colour, similar to that
developed by ferruginous tungstic acid. If these substances
be in small quantity the colour becomes yello\\?ish-red, but it
does not appear till the glass begins to cool, and generally
does not acquire its full "intensity till the globule is perfectly
cold. Such is the delicacy of this test, that when the glass
contains so little titanic acid that we cannot decidedly ascertain
its presence by examining the colour, we may immediately
perceive it by adding iron, particularly metallic iron, when the
effect is instantly and unequivocally produced. If we add a
little tin to this glass, and continue the blast, the colour
derived from the iron disappears, and the violet tint of the
oxide of titanium re-appears. But in order to produce this
effect it is necessary that the colour of the glass be not too
intense; if it be, a fresh portion of the ftux tl\U%\ \\~ a~~~~~

II BerzeJiua on the Blowl\'{\e, \'_ 1"-
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VII. What is dissolyed in the muriatic acid is seldom &D1
thing else than a mixture of peroxide of iron and protoxide or
manganese. If it contains a great excess of muriatic acid, it
must be evaporated nearly to dryness to drive off this exceIL
Dilute it with water, and drop into the solution weak ammonia
cautiously till the excess of acid is very nearly saturated. This
is known by the colour of the liquid changing from yellow to
red. After this add ammonia, drop by drop, stirring the liquid
after each addition, till the peroxide of iron begins to precipi­
tate. If we now raise the temperature of the liquid (which
ought to be in a flask) ·to the boiling point, the whole peroxide
of iron falls, while the manganese remains in solution. By
throwing the whole upon a filter while boiling hot, we separate
the peroxide of iron, and leave the manganese in solution.
The peroxide of iron must be well washed in the way above
described with boiling water.

I sometimes follow this process, which was first suggested
by Sir John Herschell, but it is a method which is apt to fail,
unless we are very careful of the quantity of ammonia added;
a very little too much throws down manganese along with the
iron. Tbe method which I usually follow was suggested by
Hisinger, as a substitute for Gehlen's method of separating
peroxide of iron by means of succinate of ammonia. Drop.
solution of benzoate of ammonia into the saturated liquid. A
buff coloured precipitate fallA, and the liquid becomes trans­
parent and colourless. The benzoate of iron (which is the
buff coloured precipitate) falls more Rpeedily if we heat the
liquid, after adding the benzoate of ammonia.

Tbe benzoate of iron is allowed to subside, the clear liquor
is to be withdrawn by a sucker, and its place supplied by an
equal quantity of water, taking care to stir the mixture with a
glass rod. Wben the benzoate of iron has subsided to the
bottom, if the supernatant liquid be colourless, the process has
been properly conducted; but if the liquid be coloured, we
may conclude that the benzoate of iron contains an excess of
acid. This must be removed by dropping ammonia into the
liquid (stirring it after each addition) till the colouring matter
precipitates. It is needless to observe that great caution must
be observed in adding the ammonia, lest we precipitate any
manganese wltich may be in the liquid, together with the
benzoate of iron.

Instead of ammol\ia \ve rna! \lour into the coloured liquid a
solution of sal ammoniac. rr\\e 'ae.\\'L\)\\\e \)\ \'t\)U ~\\\\)~ ~'t~-
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cipitated, while the manganese will be held in solution. We
now collect the benzoate of iron on a filter, wash it with a
solution of sal ammoniac, dry it, and expose it to a beat suffi­
ciently strong to sublime the benzoic acid.

The peroxide of iron- thus obtained has a red colour, is
tasteless, and dissolves in muriatic acid. The solution is a
deep yellow, or almost a red. It has a very harsh astringent
inky taste, and strikes a deep blue almost black with the
infusion of nutgalls, and a deep blue with the prussiate of
potash.

The iron being thus separated, the liquid (previously re­
duced by evaporation to a convenient bulk) is raised to the
boiling point, and carbonate of soda being added, the manga­
nese is thrown down in the state of a white powder, (the
carbonate,) which when ignited becomes black, or, if the heat
be strong, red.

It is of importance to ascertain beforehand whether the
8olution contain any manganese in solution. The appearance
of the matter before it is dissolved in muriatic acid gives us
some information. If it is dark brown, or almost black, we
may suspect manganese. If it is a fine red, it consists chiefly
of peroxide of iron. There is a valuable test of manganese
which I frequently employ, namely, bleaching powder or
chloride of lime. But care must be taken that it does not

I contain any excess of lime, otherwise it would throw down
iron as well as manganese. A drop of solution of bleaching
powder being let fall into a liquid containing manganese,
occasions an immediate precipitate of reddish or brownish-red
flocks. Should the colour remain unaltered, we may be sure
tbat no manganese is present in the liquid.

The white colour of carbonate of manganese, and the change
of that colour to black or red when the powder is ignited, is
a sufficient character to enable us to distinguish manganese
from otber bodies.

If alumina and magnesia occur together in the mineral, the
precipitate, together with alumina and oxides of iron and
manganese, will likewise contain magnesia, which will be
precipitated by the ammonia along with the alumina. In such
cases we have a 8olution of magnesia, protoxide of manganese,
and peroxide of iron in muriatic acid. The best way of

• Benzoate of ammonia does Dot precepitate protoxide of iron. W~

mUIt, therefore, take care to ensure the peto'l.\d\'l.t\l\eu\ at \\\~ \~()~ \)~

digesting it, ifnecessary, with Ditric acid.
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separating these bodies from each other is the following:­
Make the solution nearly neutral by evaporating it almost to
dryness, and then diluting it with water till its bulk amounts
to ten or twelve cubic inches. Dissolve bicarbonate of potash
in water, and drop the solution into the liquid till the per­
oxide of iron is completely thrown down. Then filter. The
liquid which passes through the filter will retain all the mag­
nesia and oxide of manganese held in solution by the car­
bonic acid of the bicarbonate. These two substances, sup­
posing them to exist together in solution, may be separated
from each other, or at least the amount of each ascertained in
the following manner :-

Divide the liquid into two equal portions. Into the one
pour a solution of neutral chloride of lime. 'fhe whole man­
ganese falls in the state of a red powder. Separate this
powder, wash it, and expose it when dry to a red heat.
Every six grains of it ill this state indicate 4~ grains of
protoxide of manganese. Let the weight of the precipitate
be a, then the protoxide of manganese in the half of the liquid

employed =~a =b, and the whole oxide of manganese in

the portion of the mineral examined = 3 a.
2

Raise the other half of the liquid to the boiling tempera-
turt', and add an excess of carbonate of soda, boil for some
time, then evaporate the wllole liquid to dryness in a porce­
lain basin, pour water on the dry residue, and digest it till
every thing soluble be taken up, then thro\v the whole upon
a filter, wash the white matter remaining on the filter, dry it
and expose it to a red heat, and then weigh it. rrhe weight
will indicate one half of the magnesia contained in the
original precipitate, together with one half of the manganese
in the state of red oxide.

By the first step of the process we determined the half of
the manganese ill the state of protoxide. Now protoxide of
manganese is to red oxide as 4-5 to 4-833. 'fo find the
weight of red oxide of manganese contained in our second
precipitate, we say 4-5 : 4-833 : : b : x = the quantity of red

-d - I d d 4-833b Th- · b·OXl e In t le power, an x = ~5- IS quantity emg

subtracted will leave the quantity of Inaguesia; and twice this
weight "rill obviously be the whole magnesia contained in the

quantity of mineral u~dct exam\\\'l.\\\l\\.
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If we are not in possession of neutral chloride of lime, we
may separate the manganese and magnesia from each other in
the following manner :-Saturate the potash in the liquid with
muriatic acid, and then concentrate somewhat by evaporation.
Pass a current of chlorine gas through the liquid till the- man­
ganese is peroxidized. Add bicarbonate of potash in slight
excess. The whole manganese falls in the state of deutoxide.
Wash it, dry it, and expose it to a dull red heat. It will
become perfectly black, and every five grains of it indicate 4·5
grains of protoxide of manganese. Let the weight of black
powder obtained in this manner be Q, the protoxide of man-

ganese in the liquid will be ~~.

Instead of throwing down the magnesia by carbonate of
soda, we may add to the liquid titus freed from manganese,
phosphate of soda and caustic ammonia, or biphosphate of
ammonia. The magnesia is precipitated in the state of
ammonia-phosphate of magnesia. When this salt is exposed
to a red heat, it loses its ammonia and its water of crystalliza­
tion, and there remains bipbosphate of magnesia, every III
grains of which are equivalent to 2j grains of magnesia. Let
the weight of biphosphate of magnesia obtained be a, then the

hI · · d· h .. 5awoe magnesla contalne In t e preCipItate = 23.

VIII. There are certain minerals which contain yttria,
zirconia, and oxides of cerium and uranium. Now, when
these bodies happen to be present, they will be thrown down
by the caustic ammonia, together with the alumina, iron, and
manganese, the mode of separating which has just been
pointed out. It may be proper therefore to make a few
observations on the mode of detecting yttria, zirconia, and
oxides of cerium and uranium, when they occur.

1. Yttria has been hitherto met with only in about eight
minerals (as may be seen in the first part of this work), the
specific gravity of which (if \\Fe except orthite and pyrorthite),
is not less than 4·] 5, nor greater than 5·88. Yttria is most
commonly accompanied by oxide of cerium; and the charac­
ters of tbese bodies are 80 nearly alike, that it is not easy to
separate them from each other. Let us suppose that the pre­
cipitate after digestion in caustic potash, consists of a mixture
of yttria, oxide of cerium, and oxide of iron. Dissolve it in
muriatic acid, and into the solution place a mass of 8ul{,)hate
of potash, 80 that a portion of it sha\\ stand \\\~\\~'t \\\.\\.'\\.. ~~.
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surface of the liquid, and the quantity of which is so great
that the liquid is incapable of dissolving it. Leave the mix­
ture in this state for twenty-four hours. Oxide of cerium
has the property of forming a compound salt with sulphate of
potash, which is insoluble in a saturated solution of sulphate
of potash, whether the liquid contain an excess of acid or not.
The oxide of cerium will be precipitated in the state of this
compound salt. Let it be collected on a filter, and washed
with a saturated solution of sulphate of potash. The liquid
by this process is freed from oxide of cerium.

It still contains yttria and peroxide of iron; let it be neu­
tralized and the iron thrown down by benzoate of ammonia
by the method already explained.

Nothing now remains in solution but the yttria, which is
to be precipitated by caustic potash or soda.

1'he oxide of cerium thrown down in the state of potash­
sulphate of cerium is a granular powder, white if the cerium
be in the state of protoxide, but lemon-yellow when the per­
oxide of cerium is present. Dissolve it in water, add an ex­
cess of caustic potash or soda, and digest for some time on the
sand-bath. The oxide of cerium is thrown down. When
washed, dried and ignited, it is alwaYR in the state of
peroxide of cerium, and has a cinnamon-brown or tile-red
colour.

2. Protoxide of cerium, while in the state of an hydrate,
is white, but when dried in the air it becomes yellow. By
ignition it is peroxidized. The protoxide dissolves readily
in acids and the solution is colourless. The solution of the
peroxide is yellow or reddish-yellow. When muriatic acid
is digested on peroxide of cerium, chlorine is exhaled, and the
solution becomes gradually colourless by the conversion of the
peroxide into protoxide.

The solution of protoxide of cerium exhibits the following
phenomena with re-agents :

(1.) Potash or soda throws down a bulky white precipitate,
which does not re..dissolve though the potash be added in
excess.

(2.) Ammonia ac'ts precisely as potash does.
(3.) Carbonate of potash, bicarbonate of potash, and car­

bonate of ammonia throw down a white bulky precipitate
which is soluble in an excess of the precipitating medium;
but the whole of the precipitate is again thrown down when
the liquid is raised to the boi\\nv. tem~~n.t\lre.
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(4.) Phosphate of soda throws down a white precipitate,
easily soluble in acids.

(5.) Oxalic acid throws down a ,,-hite bulky precipitate,
(provided there be not too great an exceS8 of acid in the
liquid,) which dissolves in a great excess of muriatic acid.

(6.) If the solution be not too dilute, sulphate of potash
throws down a crystalline precipitate,· very difficultly soluble
in water and not at all in a solution of sulphate of potash.

(7.) Prussiate of potash throws down' a white precipitate.
(8.) Sulphuretted hydrogen occasions no precipitate, but

sulphohydrate of ammonia throws down a white powder.
(9.) Before the blowpipe, in the outer flame, oxide of

cerium melts with borax or biphospbate of soda into a red
bead, but the colour diminishes as the bead cools and at last
it vanishes. In the inner flame tile glass formed is colourless.

It is unnecessary to state the phenomena of the solution of
peroxide of cerium, because the peroxide by solution in muri­
atic acid and digestion can easily be brought into the state of
protoxide.

3. Yttria, while ill the state of a hydrate is white, but by
ignition its colour is changed into a dirty yellowish white. It
dissolves readily in acids, and the solution is colourless. It
exhibits the following appearances with re-agents :-

( 1.) Caustic potash, or soda, throws down a white bulky
precipitate, not redissolved by adding an excess of the alkali.

(2.) Ammonia exhibits the same phenomena. ..
(3.) The alkaline carbonates throw down a bulky precipi­

tate which is redissolved in an excess of the precipitant. The
bicarbonate of potash redissolves the precipitate more readily
than the carbonate. Carbonate of ammonia does not redis­
solve yttria 80 easily as it does glucina.

(4.) Phosphate of soda throws down a white precipitate,
which is redissolved by muriatic acid; but the precipitate
appears again when the liquid is boiled.

(5. ) Oxalic acid throws down a bulky white precipitate
soluble in muriatic acid.

(6.) Sulphate of potash occasions, after a considerable in­
terval of time, a white precipitate, which is redissolved by the
addition of water, even when undissolved sulphate of potash
is present.

(7.) Prussiate of potash throws down a white precipitate•

• The precipitate does not fall immediately t but. U\et 1m~'n~\)\~~..
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(8.) Sulphuretted hydrogen occasioDs no precipitate, but
sulphohydrate of ammonia throws down yttria.

(9.) Yttria can scarcely be distinguished from the other
earthy bodies by the blowpipe.

4. Zirconia is Dt'arly as scarce as yttria. Hitherto (as may
be seen in the first part of this ,,·ork) it has been found only
in five species of minerals, all of wbich, except the zirCOJl or
"'yacint/" are very rare. It has a yellowish colour while in
the state of a hydrate and dissolves readily in acids; but when
it is depri,"ed of its water by ignition it assumes a wbite colour
and becomes insoluble in acids, though by long digestion in
concentrated sulphuric acid we may obtain a solution of it.

The solution of zirconia in nitric or muriatic acid is colour­
leRs, and however carefully neutralized, always rt'ddens vege­
table blues. It exhibits with reagents the following pheno­
mena:

(1.) Potash, or soda, tbrows down a bulky white precipi­
tate, which is not redissolved by adding the alkali in excess.

(2.) Ammonia produces exactly tlte same effect.
(8.) The alkaline carbonates or bicarbonates throw down

bulky white precipitates, which are redissolved by an excell
of the precipitant. Carbonate of ammonia seems to be most
powerful in redissolving such precipitates.

(4.) Phosphate of soda throws down a bulky wbite precipi­
tate.

(5.) Oxalic acid throws down a bulky ,,"hite precipitate,
redissolved by adding muriatic acid to the liquid.

(6.) Sulphate of potash throws down in a sllort time a
\vhite precipitate, which is redissolved by the addition of a
considerable excess of muriatic acid; but if the precipitate has
been thrown do\vn from a bot solution; it is insoluble both in
water and in acids.

(7.) Prussiate of potash throws down a white precipitate.
(8.) Sulphuretted bydrogen occasions no change, but 8ul­

phohydrate of ammonia throll's do,vn a bulky white precipitate.
"rhus zirconia is distinguished from alumina and glucina by

its insolubility in potash: from yttria, because after being pre­
cipitated hot by 8ulpllate of potash, it is insoluble in water
and even in acids; whereas the precipitate of yttria by the
same reagent is soluble in a considerable quantity of water.
I t may be distinguished also from yttria by tbis property:
after ignition it is insoluble in muriatic acid, whereas yttria

after ignition dissolves tean\\~ \\\ \\\a\ \\~\\\. 'l\toonia is easily
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distinguished from oxide of cerium, because the latter when
ignited becomes tile red, whereas zirconia becomes white.
Before the blowpipe zirconia does not form a coloured glass
with borax or biphosphate of soda, unless it be contaminated
with iron.

I shall, in a subsequent part of this treatise, give an example
of the mode·of analyzing a mineral containing zirconia. There
is considerable difficulty in separating zirconia and oxide of
iron from each other, when they happen to be present in the
same mineral.

5. Thorina is so rare that there is little chance of any
mineral containing it coming in the way of the young analyst.
I shall therefore pass it over at present, and give hereafter an
example of the mode of analyzing a mineral containing this
substance.

6. Oxide of uranium is easily recognised by the yellow
colour which it gives to solutions containing it. Prussiate of
potash throws it down of a dark brown colour. If the solution
of uranium be neutral, the infusion of nutgalls gives the same
dark reddish-brown precipitate; but if there be an excess of
acid in the liquid, no effect is produced by this reagent. Oxide
of uranium dissolves in an excess of carbonate of ammonia;
the solution of it is yellow, and if concentrated it deposits
abundance of crystals of ammonia-carbonate of uranium.
These characters will enable the young analyst to recognise
this oxide when it happens to be present in any mineral,
which, however, is a rare occurrence. I shall hereafter give
an example of the mode of analyzing a mineral containing this
oxide.

CHAP. III.

METHOD OF DETECTING AND SEPARATING FIXED ALKALIES.

THE three fixed alkalies, potash, soda, and lithia, are pretty
frequent ingredienb of minerals, as may be seen by inspecting
the. table prefixed to the first part of this work. Potash was
first discovered in the mineral kingdom by Klaproth, in
his analysis of the Leucite, published in 1795. Soda was
800n after detected by Dr. Kennedy in basalt, and \\\~\.\\.~u.

discovered in petaJite by Arfved80n in \8\~. The. \~\) ~~'-
II. 2 C
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of these are tound in the mineral kingdom much more fre­
quently than the third. Varions methods have been contrived
to detect and separate these bodies. We have reason to
suspect their existence ,,·hen, after having made an analysis of
a mineral, the weight of the constituents detected comes eon­
siderably (more than 2 per cent.) short of the mineral subjected
to analysis.

The method which I employ in such cases fo detect and .
separate potash and soda, is the follo\ving :-Reduce a quantity
of the mineral (25 grains for example) to powder. By a
previous analysis the quantity of 8ilica contained in this portion
is known. For every grain ofsuch silica weigh out 2·37b grains
of fluor spar, previously reduced to a fine powder. Mix the
fluor spar and the pounded mineral intimately in a platinum
crucible, and ponr upon the mixture a quantity of strong
sulphuric acid sufficient to convert the whole into a pulp.
Put the crucible on a sand bath, and expose it to a heat
gradually raised to 400°. Then beat it to redn~ss, and keep
it red hot till the whole excess of sulphuric acid is driven 01:
Digest the residue in water till every thing soluble is taken
up. Concentrate this aqueous solution on the sand-bath, and
while it is hot add a little oxalate of ammonia to decompose a
little sulphate of lime whicb it contains. Separate the clear
liquitl from the oxalate, and for the greater security add a
little carbonate of alnmonia to it. After the precipi tate has
been removed, evaporate the liquid to dryness in a platinum
basin, and expose the residue to a red heat to driv~ off the
ammoniacal salts. l"be matter remaining will be an alkaline
sulphate.-

Dissolve this sulphate in water, and let fall into it a few
drops of an alcoholic solution of chloride of platinum. If the
alkali be potash a yellow coloured precipitate falls, but no
precipitate will appear if the alkali be soda.

Should a precipitate appear, but indicating only a portion
of the alkali and not the whole, then the conclusion to be
drawn is, that the alkali in the mineral is a mixture of potash
and soda. To determine bow much of each is present we
must proceed in the following way :-The alkaline sulphates
are to be dissolved in water, and by means of chloride of
barium cautiously added they are to be converted into

• If the mineral contain magnesia, 80me of that 8ubstance may be
present. It must be separated by the methods already detailed, before we
obtain the alkaline Bulllnato.
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chlorides. Evaporate these chlorides to dryness anti deter­
mine their weigbt. Mix them with 3! times their weight of
soda-muriate of platinum in crystals. I)issolve the mixture
in a very slnall quantity of water, and evaporate to dryness
in a very gentle heat, and digest the dry residue in alcohol of
the specific gravity 0-896. This dissolves every thing but
the potash-muriate of platinum which remains in the state of
a yellow powder. Bring the undissolved portion upon a
weighed filter, and wash it with weak alcohol. Dry it in a
gentle heat till it ceases to lose weight. The weight of this
salt gives the potash which it contains, every 26 grains of it
indicating 6 grains of potash. If ,ve convert this potash into
chloride, recollecting that 6 potash is equivalent to 91 chloride,
and· subtract the amount from that of the whole chloride
orig-inally weighed, the remainder gives us the chloride of
sodium, from which the quantity of soda is easily determined
by calculation.

Should no precipitate fall wben the tincture of chloride of
platinum is dropt into the solution of alkaline sulpbate, we
may then add a little alcohol to the solution, and set it aside
fott twenty-four hours. If it contains sulphate of soda, that
salt will shoot out into crystals, and the shape of the crystals
will readily indicate the nature of the salt.

If we suspect the alkali in the sulphate to be lithia, or to
contain lithia, the easiest mode of proceeding, is to add a
little sulphuric acid, so as to convert the sulphate into bisul..
phate. This bisulphate is to be digested in alcohol. If it be
bisulphate of litbia it will be wholly dissolved, while the
bisulphate of potash or of soda, should either be present, will
remain undissolved. The alcoholic solution of bisulphate of
lithia burns with a red coloured flame which is characteristic
of this alkali.-

Evaporate the alcoholic solution to dryness, and expose it
to a red hent, having previously neutralized the excess of acid
by ammonia. We thus convert it into sulphate of lithia
composed of

Sulphuric acid 5
Lithia 1·75

• Dr. Turner haa shown that the presence of lithia in a mineral may be
dctccte~by the blowpipe, by fusing it with a little alkali to ~~\ \\\~\\\.\\\~ ~\.

liberty_ It then betrays itBelt by giving a red tinge \0 tne \\a",~.
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Let its weight be a, the weigbt of lithia which it contains
.1·75a 70
J8 6.75 ,or 27·

Should any doubt exist about the lithia, we may remove it
by con verting the sulphate into muriate. For this purpose
weigh it, and add as much chloride of barium as will throw
down all the sulphuric acid, on the supposition that it is
sulphate of lithia. Let the weight of the sulphate of lithia

be a, then 6-75 : 13: : a : ~~7: = the quantity of anhydrous

chloride of barium required. Or jf we take crystals ofchloride
of barium the weight will be 15·25 instead of 13, and the

quantity !-~~~; a, or 2-44 a_ Now filter the liquid, and let a

drop of sulphate of soda fall into it. If the salt was sulphate
of lithia no precipitate will fall, but if it W.lS sulphate of soda,
or contained suipilate of soda, a precipitate will still appear.
Determine by cautious addition how much sulphate of soda is
requisite to throw down the whole barytes which has been
added in excess. If the salt was pure sulphate of soda, the
quantity of sulphate of soda necessary to throw down the
wbole excess added, will be such that the sulphate of barytes
thrown down by this second dose of sulphate of soda will form
a salt weighing 0·248 of the sulphate of barytes first thrown
down.

It is easy from the weight of sulphate of barytes obtained to
deduce the proportion of soda and lithia in the original sulphate.

Let the weight of the alkaline sulphate be a, and let the
sulphuric acid obtained be ten or two atoms. Then a - 10
=alkali in sulphate =m.

x = atoms soda,
y =atoms lithia.

2. x + y = 2 as the acid was 2 atoms.
m-l·75y

x= 4

x=2-y
m-l·75y 8-m
--4- =2-y and y= 2.25

y being thus found gives us x, and the weight of the lithia in
the sulphate is 1'751/t while that of the soda 4 z.

Muriate of lithia is a deliquescent salt. Lithia is thrown
down from any of its saline solutions by means of carbonate
ofammonia, in the state oi a Vl\\\~ ~()~\\.~t.. ,.
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If lithia and potasb exist together in a mineral, they may
be separated from each other exactly in the way by which
potash and soda were separated in page 387.

Another mode of detecting an alkali in minerals, which is
very frequently employed by mineralogists, is to make use
of carbonate of barytes. The pulverized mineral is mixed
with five or six times its weight of carbonate of barytes, and
exposed to a red heat for an hour or an hour and a half in a
platinum crucible. The whole is then dissolved.in muriatic
acid, and the silica separated in the usual way. The earths
and metallic oxides (including the barytes) are then thrown
down by carbonate of ammonia. The filtered liquid is eva­
porated, and when concentrated and hot, a little oxalate of
ammonia may be added to throw down any lime which might
accidentally remain in the liquid. The whole is now eva­
porated to dryness, and the residual salt is to be cautiously
heated till the whole of the ammoniacal salt is driven off.
What remains is an alkaline muriate, or a sulphate if the
barytes (as is often practised) had been thrown down by
sulphuric acid.·

Another method, first proposed by M. Bertbier, is to mix
the pounded mineral with twice its weight of .nitrate of lead,
and its own weight of carbonate of lead, both in the state of a
fine powder. This mixture is put into a small platinum
crucible covered with a lid. This crucible is enclosed in
another also covered with a lid.t The crucibles are heated
in an ordinary furnace, and kept red hot only for a quarter of
an hour. Before it is quite cold, the crucible is reversed
above water, and the fused mass by tapping the bottom is
made to fall into that liquid. It falls down into numerous
fragments which makes it easily attackable by acids. Boil it
in nitric acid, taking care to reduce all the fragments to fine
powder. Every thing is dissolved except the silica, which is
separated in the usual manner. The oxide of lead is thrown
down by sulphuric acid, and we ensure its complete separation

• If the mineral contain magnesia, a portion of it might remain in the
state or sulphate, as carbonate of ammonia is not a good precipitant of it.
In such a case the sulphate must be weighed, and the magnesia being
separated in the usual manner and weighed, we must deduct the weight of
anhydrous sulphate of magnesia from the original quantity, the remainder
will be the alkaline sulphate.

t All these precautions arc to guard againat the reduetion a{ \\\~\~~

which ,,"ould occasion the destruction of the platinum elU~\\)\e.



390 l\IETHOD OF DETERMININH

by the addition of a little 8ulpburetted hydrogen. "rhe
earths and metallic oxides are then thrown down by carbonate
of ammonia.· The residual liquid is evaporated to drynell,
and being treated 88 already described, the alkaline Iulpbates
are obtained in a separate state.·

CHAP. IV.

METHOD OF DETERMINING THE ACIDS IN MINERALS.

IN the pre~edillg chapters the methods of detecting the ditTer­
ent bases which occur in stony bodies has been pointed out.
But with the exception of silica nothing has been said about
the acids. By inspecting the table at the commencement of
the first part of this work, it will be seen that minerals are in
fact salts, composed of one or more acids in combination with
one or more bases. By far the most common acid in minerals
is silica, and the method of detecting and separating it has
been already described. But there are at least twelve other
acids which may occasionally be present, and we shall in this
chapter point out the methods of detecting their presence.

1'0 determine whether a mineral contain any acid, reduce I

portion of it to powder, and fuse it either in a platinum
crucible or by the blowpipe with twice its weight of carbonate
of potash or carbonate of soda. Digest the fused mass in
water till every thing soluble be taken up. Fusion with the
carbonates of the fixed alkalies decomposes all the salts con­
taining a fixed acid. Hence the water employed to digest
the fused mass will contain an acid (if any was present) com­
bined with the alkali employed. Saturate this alkali with
acetic acid, and add to the neutral liquid a few drops of
acetate or nitrate of lead. If an acid be present a white
precipitate will appear.r Hence the absence of every pre­
cipitate when the salt of lead is added, is a proof that the
mineral under examination contains no other acid than silica.
Suppose that by this method the existence of an acid is
detected, the next thing to be done is to determine what that
acid is.

• Ann. tie Chilli. ct de Pllys. xvii. 28.
t Nitric acid ()cca~ions no {'rccipitate. The ulcthod of detecting it ,,·iIl

IJC til,uWIl aflcr\\'ar'\~.
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1. Fuse a portion of the alkali containing the acid on
charcoal by the blowpipe, and put the fused bead in a drop
of water placed on a piece of polished silver. 1£ the acid was
the 8Ulp/U~ric, a black spot of sulphuret of silver will be pro­
duced. Bright copper will also serve for the same purpose.
If we place the globule of the fused salt on cudbear paper it
will change its colour to purple.

If we snspect the acid to be the muriatic or cAlorine, we put
upon a plate of polished silver a drop of the solution of 8ul­
phated peroxide of iron, or of the sulphate of copper; into this
drop we let fall a little of t~e alkali containing the acid in
question. If it be the muriatic or chlorine, a spot of black
chloride of silver will be produced.·

3. If the acid be the p/wsplwric, the alkali containing ilt
after saturation with acetic acid, gives a sulphur yellow preci­
pitate with nitrate of silver, whicb no other acid does.t

The precipitate which it gives with lead crystallizes before
the blowpipe.

Fuchs remarks that if a mineral containing phosphoric acid
be reduced to powder, immersed in sulphuric acid, and then
exposed to the action of the blowpipe, it will tinge the flame
of a bluish-green colour. The phosphate of alumina commu­
nicates this colour without the assistance of sulphuric 8cid.~

Berzelius gives the following method of discovering phos­
phoric acid in a mineral. Fuse the mineral in question with
boracic acid before the blowpipe, and when the fusion is
complete, plunge the end of a small steel wire, rather longer
than the diameter of the globule, into it, and heat it in a good
reducing flame. The iron becomes oxidized at the expense
of the phosphoric acid; hence borate of iroti and phospburet
of iron are produced. 'l'he latter fuses at a pretty high tern..
perature, and at the same time the assay, wllich had spread
itself over the whole length of the wire, resumes the globular

.form. As the globule cools, an appearance of ignition il
generally seen near its base, arising from tIle crystallizing of
the phosphuret of iron. Remove the globule from the charcoal,
wrap it in a piece of paper, and strike it gently on the anyit

• It is well known that chloride of &ihcr is precipitated "'hite, but it
blackens on exposure to the light; but the black colour of chloride of silver
produccd in this way, is independeut of the light.

t 'fhe arsenious, indeed, gh·cs a Jcllow prcdpilatc \\ ith uitrah1 of ~ih'er,

but it can scarcely occur ill stony Dlincra)s.
t Schwdggcr's Jour., xxiv. 130.
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with the hammer, to separate tbe ph08phuret of iron, which we
find in the form of a brittle metallic globule, attractable by the
magnet, and baying a steel-coloured fracture. Ita brittleness
depends upon the proportion of the iron; it may sometimes be
a little flattened under the hammer. If the assay contain DO

phosphoric acid, the steel wire will burn only at the ends which
project beyond the globule, preserving elsewhette its form and
brilliancy. Since four or five per cent. of phosphoric acid are
insufficient to fuse a mass of iron as large 88 the esperimeDt
requires, it follows that a proportion not exceeding that quan­
tity cannot be discovered by the blowpipe.·

4. Arsenic acid constitutes one of the ingredients of several
minerals, as may. be seen by inspecting the table at the
beginning of the first part of this work. The presence of this
acid is easily detected, by exposing a small portion of the
mineral containing it, mixed with carbonate of soda, to the
reducing ftame of the blowpipe on charcoal; a white smoke is
exhaled, having the well known smell of arsenic.

The arseniates resemble the phosphates in almost all their
properties. Like them the alkaline arseniates are soluble in
water, while the arseniates of the alkaline earths, and of the
earths and metallic oxides, are insoluble. A little sulphuretted
hydrogen dropt into a solution of a soluble arseniate strikes I

a yellow colour, and the addition of a few drops of muriatic
acid occasions a yellow precipitate of sulphuret of arsenic.
The insoluble arseniates are easily soluble in muriatic or nitric
acid, and the solution, when acted on by sulpburetted hydrogen,
gives the same yellow colour and precipitate.

Chlorides of barium and calcium, and barytes, or lime water,
occasion a white precipitate when dropt into a solution of an
arseniate. These solutions are soluble in nitric and muriatic
acid. l'hey dissolve also in sal ammoniac, as is the case with
the same precipitates induced in the phosphates. But the
arsenical precipitates are more easily dissolved in sal ammoniac
than the phosphates; on the contrary, they are more difficultly
soluble than the phosphates when the solution contains free
ammonia.

The yellow precipitate produced in solutions of arseniates
by sulphuretted hydrogen, is soluble in sulpho-hydrate of
ammonia. The same thing happens with the precipitate pro­
duced by the same reagent in solutions of peroxide of tin:

• Bcr1.e\ius on \.he B\()w\,\\lc, ~ .. 129.
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hence it is possible that the two may be confounded by a
careless experimenter.

5. The presence of boracic acid in minerals is indicated by
the green colour which they give during fusion to the flame
of the lamp or candle employed. Gay-Lussac has observed
that a 8olution of boracic acid changes the colour of turmeric
paper to red, like an alkali.· Borax, to which sulphuric acid
has been put, does 80; and the same holds with a bead of soda
containing boracic acid.

The most certain test of boracic acid in a soda bead, &c., is
to add sulphuric acid to it, and then spirit of wine, the flame
of which will be coloured green if boracic acid be present.

Professor C. G. Gmelin of Tubingen, who devoted several
years to the analysis of the tourmalin, has adopted the follow­
ing method of separating boracic acid from those minerals
which contain it. The mineral must be reduced to a fine
powder, mixed and ignited with an alkaline carbonate. The
ignited mass is to be digested in water to separate the alkaline
which now holds the boracic acid in combination. The alka­
line liquid thus obtained is to be exactly saturated with muriatic
acid. Muriate of lime, and then caustic ammonia, being added
to the neutral liquid, the boracic acid precipitates in combina­
tion with lime.

The quantity of boracic acid in combination with the lime
may be determined in the following manner :-Expose the
borate of lime to a red heat, and then ascertain its weight.
Mix it with its own weight of pure fluor spar in a platinum
cru~~.. and reduce the whole mixture to a pulp by the

;:",·~·"adJftion of a sufficient quantity of sulphuric acid. Digest this
mixture for some time on the sand-bath, then expose it to a
red hea~ and keep it at that temperature till all the excess of
sulphuric acid be driven off. Nothing ,viII remain but sulphate
of lime. The boracic acid having been driven off in combina­
tion with the fluoric acid, leaving the lime formerly in com­
bination with both these acids in the state of an anhydrous
sulphate.

Now 9·5 fluor spar, when decomposed by sulphuric acid,
becomes 17 sulphate of lime; we can, therefore, easily find
how much of the sulphate of lime obtained by our process was
derived from the fluor spar. Let the weight of fiuor spar

• Ann. de Chim. et de Phys. xvi. 70.
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employell =a. We have 9'5: 17: : a : !.~~ =sulphate of

lime derived from the Buor spar = b.
If we subtract b from the total weight of the sulphate of

lime, the remainder (= c) will be the sulphate of lime derived
from the borate of lime. But sulphate of lime is composed of

Sulphuric acid, S
Lim~, 3-5

8-5
a·sc .

Consequently, 8-5 : 3'5 : : c : 8-5 = d =the weIght of the

lime derived from the borate of lime examined_ Now, if we
subtract d from the quantitY'of borate of lime employed in the
experiment, the ttemainder will be the weight of boracic acid
originally combined in this borate.

6. The presence of cl,,·omic acid, or cArml1ium, in any state,
is easily discovered by tbe yellow colour which carbonate of
potasb, or soda, acquires when fused with it. If this alkaline
solution be saturated with acetic acidJ it gives a fine orange
precipitate wit4 acetate of lead, and a red precipitate with
nitrate of silver.

Chromate of potash, or soda, fused on a plate of clay, leavea
green oxide of chromium.

Wben a mineral, or salt, containing chromic acid, is fused
with borax, or biphosphate of soda, before the blo,,·pipe 011

charcoal, a glass bead is obtained, of a fine emerald green
colour, whether the fusion be performed by means of the outer
or inner flame. This colour appears to most advantage when
the bead is cold. It is obvious that if the cbromic acid be in
combination with a metallic oxide capable of giving a deep
colour to the glass, the colour of the bead may be considerably
modified. Thus, when chrome-iron ore is fused with borax, or
biphosphate of soda, the characteristic colour of iron is only
apparent while the assay is hot; but when, on cooling, its
colour disappears, then the fine grass green of the chromium
is developed.

If a chromate and a chloride be ground together, mixed
with concentrated sulphuric acid, and heated, an effervescence
takes place and beautiful red fumes are disengaged, constitut­
ing, when condensed, the chloroclJromic acid of Ilr_ 1"homson.

""hen a chrODlatc is Dlixed \vith muriatic acid and heated,
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chlorine gas is disengaged, easily recognised by its smell and
also by its colour. The experiment may be made in a crystal
glass tube sbut at one end. The muriatic acid assumes dur­
ing the process, a dark Kreen colour, because oxide of chro-
mium is formed and dissolved. .

When chromic acid exists in solution, it may be precipitated
by nitrate of lead, which throws it down in tile state of chro­
mate of lead, even when the liquid contains an excess of acid.
Every 20-5 grains of this chromate when dried by ignition, is
equivalent to 6-5 grains of lead. Or the chromic acid is 0·317
of the weight of the chromate of lead obtained.

7. Molybdic acid scarcely occurs in the mineral kingdom,
except in combination with oxide of lead, constituting molyb­
date and trismolybdate of lead.

This mineral before the blowpipe on charcoal, decrepitates
and ~cquires a brown yellow colour, which disappears on
cooling. It then fuses and is absorbed, leaving on the surface
globules of reduced lead. By washing the absorbed part, we
obtain a mixture of globules of lead and metallic molybdenum,
which has the metallic lustre, but is neither malleable nor
fusible. With borax, in the exterior flame, it fuses readily
into a colourless glass. In the interior flame we obtain a
transparent glass, which all of a sudden becomes dark brown
and opaque. With biphosphate of soda it fuses readily, and
we obtain a green glass if the quantity of molybdate be small,
a black opaque glass if the quantity be considerable.

To separate the molybdic acid from oxide of lead, or indeed
any oxide with which it may be combined, we must dissolve
the molybdate in any acid except the nitric., To the solution
an excess of ammonia is added, and the whole is digested in
8ulpbohydrate of ammonia. The oxide is precipitated in the
form of a 8ulphuret, while the molybdic acid is retained in
solution by the sulphohydrate. The sulphurets are filtered
off, and the bisulphuret of molybdenum precipitated by
muriatic acid. This 8ulphuret contains Jths of its weight of
molybdenum, and every 10 grains of it are equivalent to 9
grains of molybdic acid; or the molybdic acid is equivalent to
190ths of the bisulphuret of molybdenum obtained.

The sulphuret may be converted into molybdic acid by
cautious roasting and subsequent solution in caustic ammonia,
from \vhich it may be thrown down by muriatic acid.

When this acid is heated in a close vessel, it fuses, and the
fused mass on cooling assumes a \lgnt ~~\\()'N ~~\\)~~ .\\.~~ ~
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crystallized texture. In an open vessel it smokes and sublimes
in a moderate temperature.

It is very little soluble in water, though the aqoeous solu­
tion reddens litmus paper. But it dissolves readily in s0­

lutions of the fixed alkalies or of their carbonates. The
solution is transparent and colourless, and the resulting salts
readily soluble in water. But all the earthy and oxide -.I.
of molybdic acid are insoluble. Hence the solution of aD

alkaline molybdate is precipitated by almost all the earthy or
metallic acid salts.

Nitrate of lead throws down a wAite precipitate, nitrate of
mercury, a yellow, nitrate of silver, a wAite precipitate, sold­
hie in a great deal of water, and still easier in nitric acid or
ammonia. In like manner, the salts of peroxide of iron throw
down a yellow precipitate, which dissolves in a great exceas
of water. The chlorides of calcium and barium throw down
white precipitates also soluble in much water, especially that
caused by the former of the two. But if we neutralize the
excess of acid present with ammonia, a precipitate appears
which is not rendered soluble by adding more water.

Molybdic acid is easily soluble in acids unless it has been
ignited, by which process it is rendered insoluble in most acid
bodies. But if we boil a mixture of cream of tartar and
ignited molybdic acid in water, a solution is obtained.

8. Tungstic acid, occurs ill the mineral kingdom united to
lime and to oxide of lead. The tungstic acid may be detected
in either of these minerals, by fusing a globule of them with
biphosphate of soda before tbe blowpipe. The tungstate of
lime when 80 treated in the interior flame, assumes a green
colour which it retains while hot, but which turns to a fine
blue on cooling. With tungstate of lead treated in the same
way, we obtain at once a blue glass, sometimes with a shade
of green.

'l'ungstic acid may be separated from tbose oxides with
which it is combined, by dissolving the salt in an acid and
then adding an excess of sulphohydrate of ammonia. The
base is thrown down in the state of 8ulphuret, but the 8ul­
phuret of tungsten remains in solution. The 8ulphuret of
tungsten is thrown down by muriatic or nitric acid. It is
washed and roasted, which converts it in to tungstic acid.

The tungstic acid is separated from lime by fusing the
mineral with carbonate of soda. The tungstic acid combines
with the soda. It may be ,va~n~\\ a\\ a~\\ \\~\\\nlli~ed witlt



THE ACIDS IN MINERALS. 397

muriatic acid added in excess. The tungstic acid precipitates
and may be washed, dried, and weighed.

Tungstic acid has a yellowish colour, and when heated
becomes lemon yellow. It is fixed, and does not dissolve in
water, yet it reddens moist litmus paper.

It forms with the alkalies, salts which are colourless and
soluble in water. After ignition it is much more difficult to
dissolve it in alkalies, than it is to dissolve molybdic acid in
the same state.

Acids when dropt into solutions of the alkaline tungstates
occasion precipitates. Sulphuric, nitric, and muriatic acids
throw down white precipitates, which are combinations of
tongstic acid with the precipitating acid. Phosphoric acid
throws down a precipitate soluble in an excess of phosphoric
acid. Oxalic, tartaric, and citric acids, occasion no precipi­
tates. Acetic acid throws down a precipitate which is not
soluble in an excess of the acid.

The compounds of tungstic acid, with the earths and metal- .
lic oxides (tungstate of magnesia excepted) are insoluble in
water. Hence it happens that the alkaline tungstates are
precipitated by most of the earthy and oxide salts. Chloride
of barium, chloride of calcium, nitrate of lead, and nitrate of
silver, throw down white precipitates which are not re-dis­
solved by the addition of much water.

If we put a little alkaline tungstate, with a fragment of tin,
into a drop of muriatic acid, white flocks at first make their
appearance, which gradually acquire a blue tinge, and a deep
blue colour surrounds the tin globule.

9. To detect the presence of jluoric acid is attended with
considerable difficulty, and yet is very important, because this
acid enters as a very frequent constituent into the composition
of minerals, as may be seen by inspecting the first part of this
work.

Reduce the mineral to powder, and moisten it in a watch
glass with muriatic acid; let it remain a few seconds, and then
rub a piece of brazil wood paper with the mixture. If fluoric
acid be present, the paper assumes a fine yellow colour.- But
this method does not always answer.

When ftuoric acid exists in a mineral in small quantity, in

• BODsdorlt to whom we owe this fact, found that fluoric, phosphoric,
and oxalic acids, render brazil wood paper yellow. Some of the other
acids, when dilute, give a yellow tinge to this paper, but lev. \i,~\" ~~
much more slowly.
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combination with a ,,·eak base and n minute portion of water,
\\'e have only to put a little of it into a tube closed at one end,
and having a small ~lip of paper suspended in it, moistened
with the infusion of brazil wood. lIeat being applied, disen­
gages ftuosilicic acid, an unpolished ring of silic.:a makes its
appearance on the glass at a little distance from tbe assay, and
the lower end of the paper becomes yellow.

If the mineral contain a great deal of fluoric acid, let it be
mixed with biphospbate of soda, previously fused and put into
an inclined open tube, near the lower end, 80 tllat a part of
tile current of air \vhieb feeds tbe flame may enter the tube.
Heat the mixture by means of a spirit lamp. 14'luoric acid
vapour is formed, which fills the tube, and may be distinguished
both by its peculiar odour, and by its corroding the glass,
which becomes dull through its whole length, and particularly
in those places where tbe vapour condenses.

To determine the quantity of fluoric acid, or fluorine, in a
mineral, composed of fluorine and a metal, as in fluor spar, tile
best method is to reduce a determinate weight of the mineral
to powder, and to make it into a paste with concentrated
sulphuric acid in a platin um crucible. Heat is then applied
and gradually raised to ignition. When the whole Buorie
acid, ann the excess of sulphuric acid, has been driven of',
nothing remains but a sulphate of lime. From the weight
of this sulphate the weight of the calcium which it contains is
easily deduced, and subtracting this weight from that of the
original mineral employed the remainder gives the fluorine
in the mineral.

10. Iodie acid and /lgdriodic acid have scarcely yet been
found in the mineral kingdom. They may be detected w)len
they do occur by the following method :-Fuse oxide of
copper with bipbosphate of soda into a dark green globule,
then add the assay, and heat the whole before the blowpipe.
The flame (if the acids be present) is coloured with a superb
deep green, quite different from the pale green communicated
by boracic acid. I

When the same process is followed with a muriate, the
flame has a fine blue inclini1lf1 to purple.

Most of the compounds formed by iodic acid with bases,
except the alkaline iodates, are insoluble, or very sparingly
soluble in water. When an iodate is heated in a small retort,
oxygen is given out, and the iodate is converted into an
iodide.
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"'hen an iodide is beated with concentrated sulphuric acid
ill a glass tube closed at one end, it gives out iodine, which
fills the cold part of the tube, and is easily recognised by its
violet colour. This process conducted in a porcelain vessel,
will enable us to determine the quantity of iodine disengaged.
The iodide is converted into a sulphate combined with the
oxide of the base. The quantity of this oxide, and conse­
quently the weight of the base in the iodide may be deter­
mined, and this weight, subtracted from tbat of the original
iodide, gives the weight of iodine disengaged.

11. Neither selenic Dor selenious acid bas hitherto been met
with in the mineral kingdom. Should a selenite, or seleniate, or
a seleniet, occur, it is easy to recognise the presence of selenium
in them by the blowpipe. For when such a compound is
heated before the blowpipe in the reducing flame, it emits an
exceedingly strong odour of decayed horse radish. By thi8
odour a very minute quantity of selenium may be detected.

When selenium is contained in a solution, as selenious acid,
the best way of determining its quantity is by means of sul­
phurous acid. We first acidulate the liquid by adding some
muriatic acid, then a solution of sulphite of ammonia is mixed
with it. The selenium precipitates in the form of a cinnabar
red powder which remains long suspended. But if the liquid
be made to boil, the selenium unites into a very small bulk,
and becomes black. If the addition of a fresh portion of
sulphite of ammonia occasions no farther precipitation, we may
conclude that the whole selenium is thrown down. We
have then only to collect and wash it on a weighed filter, in
order to determine its weight.

If nitric acid exist in a solution containing seleniou8 acid,
the selenium cannot be precipitated till the whole of that
acid is destroyed. To accomplish this, place the solution on
the sand bath, and add muriatic acid as long as chlorine con­
tinues to be disengaged. When the nitric acid has been
destroyed in this way, we may proceed as above directed to
st'parate the selenium.

12. Nitric acid is not a frequent ingredient in the mineral
kingdom. It exists however in a few salts, as nitrate of soda
and nitrate of potash. All fusible nitrates detonate with char­
coal. Those which do .Dot fuse are to be heated till they are
rendered quite dry, and then being put into a glass tube shut
at one end, they are to be gradually raised to a red heat.
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The tube 800n becomes filled with the orange yellow vapour
of nitric acid.·

CHAP. V.

METHOD OF DETERMINING THE WEIGHT OF THE FIXED

CONSTITUENTS OF STONY MINERALS.

SINCE the introduction of the atomic theory into chemistry,
the number of individuals who have occupied themselves with
the analysis of minerals l1as become very considerable, and it
has sometimes happened that persons little accustomed to
precise experiments have deceived themselves by the applica­
tion of this theory to inaccurate results. It is necessary to be
on our guard against this mode of proceeding, and never to
attempt to determine the atomic constituents of a mineral till
we are quite sure of the accuracy of our results, both as regards
the nature and quantity of each constituent. We should also
be at great pains in selecting our specimens for analysis. Ho~

accurate soever our experiments may be, we can deduce no
valuable consequences from them, if the specimens selected
for analysis were impure, or consisted of more than one
mineral species mechanically mixed together. The specimens
selected for analysis should be quite pure, and if possible in
crystals.

Klaproth, to whose labours we are chiefly indebted for con­
triving and systematizing the methods of analyzing minerals,
usually subjected 100 grains of the mineral to experiment;
but now that our apparatus is simplified and improved, and
our methods brought to precision, we can obtain exact results
though we analyze a much smaller quantity. By employing
a small quantity of mineral for analysis instead of a large, we
save a good deal of time and expense, both of which, to the
practical chemist, are objects of considerable importance.
When the mineral is free from combined water, and other
volatile matter, 20 grains of it are sufficient for an exact
analysis, provided its constituents be substances with whose

• The reader will find some good observatidDs on the method of detect­
ing acids by Smit.hson, in the Annals of Philosophy (second series), v.
385. And in Berzelius on the Blowpipe, p. 125.
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properties we are already familiar. When the water or vola­
tile matter amounts to between ten and twenty per cent., we
should employ 25 or 30 grains of it. When we employ 50 or
100 graJns, the process is more tedious, and the results scarcely
so much to be depended on. Mr. Smithson, who was a very
accurate experimenter, never employed more than ] 0 grains,
and he assured me that when he took a greater quantity he
could not rely so much upon his results. Berzelius, the
accuracy of whose analyses is- sufficiently known to chemists,
employs from 1 to 2 grammes; that is, from 15·4 to 30·8
grains.

I have already explained the method of separating the silica,
which is 80 general a constituent of stony minerals. After the
filter containing it bas been washed till the water ceases to be
affected by nitrate of silver, it is to be placed between two
folds of blotting paper, and dried in a temperature of at least
2120. As much of the dry silica as possible is taken off the
filter, put into a platinum crucible, ignited, and weighed. 1"he
filter, with what silica may still adhere to it, is burnt in a
platinum crucible, and the weight of tbe residual ashes ascer­
tained.

A given weight of the filtering paper employed must have
been previously burned, and the weight of the ashes left
ascertained. Thus, 40 grains of the filtering paper which I
employ at present, when burnt leave 0·165 grains of ashes.
The weight of the filter employed having been determined
before we began to use it, the ashes which it would leave are
known by an easy calculation, and deducting this weight from
the ashes left when the filter was burnt, we have the weight
of the silica which adhered to it. This portion being added to
the former quantity of silica, weighed separately, we have
obviously the whole silica contained in the mineral.

Some attention is necessary in weighing a filter, because it
is apt to vary something in weight according to the moisture or
dryness of the atmosphere. I employ a glass tube of such a
size as to contain the filter easily. One end is sbut with a
slip of cork, the surface of which is covered with sealing-wax;
to the other end a cork, the outer end of which is also coated
with sealing-wax, is fitted. This tube, with its corks, is
weighed, and the weight marked upon it with a diarnond.
The filter to be weighed is rendered as dry as possible, by
heating it before the fire, and when still warm it is enclosed

II. 2 D
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in the tube and weighed, deducting from the whole weight
that of the tube in which the filter is enclosed.

In some cases, as in weighing sulphur, iodine and selenium,
which cannot be ignited, it is requisite to cut two filters of
the same size, from the same sheet of filtering paper. These
~wo filters are balanced against each other, and made of equal
weights, by cutting small portions from the one which of the
two is heaviest. When the sulphur, &c., contained on the
filter is to be determined, the two filters are dried in a gentle
heat, and then put into opposite scales, the additional weight
necessary to counterpoise the filter containing the sulphur
gives us the weight of the filter. When this method is pur­
8ued with the requisite care, it gives results very near the
truth.

It is proper to wash the filters before using them, by steep­
ing them for some time in water, acidulated by nitric or
muriatic acid. Our filtering paper made in Great Britain
generally contains a little lime, which is removed by these
acids. I think it likely that this lime is introduced by the
ch~oride of lime employed in bleaching the rags, of which the
paper is made. The quantity is very small, but in general
quite sensible.

After the silica has been separated, its purity must always
be tested by the rules already laid down.

It remains now to separate the substances held in solution
by the muriatic acid. As the processes necessarily vary
according to the substances to be separated, and as a general
method applicable to all would be too complicated for use, the
best way of communicating the requisite information seems to
be to give different examples of the analyses of minerals
differently constituted.

I. Minerals 8olOOle at once in Muriatic Acid.
There are a considerable number of minerals which, when

reduced to powder, and digested in muriatic acid, undergo
decomposition. In many the silica exists in such quantity
that when the acid is concentrated, the whole is speedily COD­

verted into a jelly. The following minerals are decomp~ed

and gelatinize with muriatic acid :-
1. Natrolite, 4. Lomonite,
2. Mesolite, 5. Chabazite,
3. Scolezite, 6. Levyine,



20. Nepheline,
21. Gadolinite,
22. Allophane,
28. Helvine,
24. Datholite,
25. Botryolite,
26. Lazulite,
27. Eudyalite,
28. Orthite,
29. Silicate of zinc,
so. Dioptase,
31. Meerschaum.
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7. Comptonite,
8. Analcime,
9. Potash harmatome,

10. Apophyllite,
11. Leucite,
12. Elreolite,
13. Sodalite,
14. Hauyne,
] 5. Cronstedtite,
16. Dvaite,
11. GehIenite,
18. Scapolite or Meionite,
19. 1'able spar,

The following minerals are decomposed by muriatic acid,
but do not gelatinize with it :-

32. Stilbite, 37. Pyr08malite,
33. Heulandite, 38. Cerite,
34. Anorthite, 39. Allanite,
35. Silicate of copper, 40. Pitchblende, or pitch-
36. Sphene, ore.

Most of these minerals, though not the whole of them,
withstand the action of acids, after having been ignited. Pro­
bably other minerals may exist besides those above named,
-which are decomposed by muriatic acid, but the preceding are
those that have been tried with sufficient accuracy.

rro the above list might have been added all the carbonates,
but the action of muriatic acid upon them must be so obvious
to every person, that I thought it unnecessary to include them
in the list.

EXAMPLE I.

AnalY8i8 of Carbonate ofStrontian, from Strontian.

The method of determining the quantity of carbonic acid in
a mineral is the following :-Procure a small Wolfe's bottle,
with two mouths; one of these mouths has a ground crystal
stopper fitted to it; into the other a bent glass tube filled with
fragments of chloride of calcium is luted. Put into the bottle
the requisite quantity of nitric acid, sufficiently diluted with
water to act as a good solvent of the carbonate; tIlen balance
the bottle, with all its appendages, and note down the weight.
Take out the glass stopper, and introduce as speedily as ~o8si­

ble 100 grains of the carbonate to be ana\~'l.eQ,\\ot \l\ ~\)~~~:'t"'
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but in fragments. Replace the stopper, and allow the bottle
to remain till the whole carbonate has dissolved, and till the
carbonic acid has had time to make its escape from the bottle;
for this purpose I generally allow an interval of twenty-foor
hours. Now weigh the bottle again, putting into the opposite
scale not only the original counterpoise, but also tbe weight of
the carbonate employed. The amount of weight necessary to
balance the bottle again will represent the weight of the car­
bonic acid that bas made its escape. If the carbonate of
strontian were perfectly pure, the loss of weight would be
29·73 grains from the 100, and it usually app.roacbes that
number pretty nearly. .

Evaporate the solution of strontian till the salt crystallizes,
and till all the excess of acid is driven off; then re-dissolve in
water. Almost aln-ays a little black powder remains, consist­
ing of earthy matter, which I suppose to have been me~bani..
cally mixed with the carbonate, for it cannot be observed
before the solution. Its weight never exceeds, in well-selected
specimens, 0·2 or 0·3 grain.

The crystals of nitrate of strontian obtained are usually
tinged sligbtly yellow, and when the solution of them it
mixed with caustic ammonia red flocks separate, consisting of
peroxide of iron, sometimes though very rarely slightly mixed
with alumina. These flocks may be collected in a weighed
filter, and the ,,-eigh t determined by burning the filter in the
way formerly described.

The 801u tion til LIS freed from iron is crystallized again, and
the crystals are exposed in a platinum crucible to a beat suf­
ficient to drive off and decolnpose the nitrate of ammonia, but
not to injure the nitrate of strontian, and the quantity of nitrate
of stron tian jl) this anhydrous statt' is determined. It is then
digested in absolute alcohol, which dissolves any nitrate of
lime that may be present, but leaves untouched the nitrate of
strontian. Dy weighing the residual nitrate of strontian we
determine the loss of weight, and consequently the quantity
of nitrate of lime dissolved. By evaporating the alcoholic
solution we get the nitrate of lime, which deliquesces when
exposed to the air. l'he nitrate of strontian indicates the
quantity of strontian, as it is a compound of

Nitric acid 6·75
Strontian 6·5
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Hence 18::~' or 0-49 of the nitrate of strontian is the weight

of the strontian.
In general, the carbonate of lime in the green carbonate

from Strontian amounts to about 6l per cent. That in the
brown carbonate is greater.

EXAMPLE II.

Analysi8 ofScolezite.
Scolezite is a compound of water, silica, alumina, and lime.

The method of analysis is abundantly simple.
1. Expose 25 grains of it to a red heat in a c<?vered plati­

num crucible, it assume~ the appearance of porcelain, and
loses at an average about 3-375 of water, making about 13·5
per cent.

2. 25 grains of the mineral are reduced to powder, and
digested with muriatic acid in a platinum basin. In a few
minutes the mineral dissolves, and very· speedily assumes the
form of a jelly. Evaporate to dryness by a gentle beat,
taking care with a platinum spoon to scrape the matter from
the bottom, that it may not be exposed to a decomposing
heat. When all smell of muriatic a~id is gone, pour upon it
water acidulated with muriatic. acid, and allow it to digest
upon the sand-bath for half an hour. "Then throw the whole
upon a filter previously weighed. The silica is retained by
the filter. It must be washed in the way already described,
and when dry ignited in a platinum crucible and weighed.
What remains attached to the filter is de.termined by burning
tile filter in the way formerly explained. The amount of the
ignited silica is about 11-625, or 40-5 per cent.

The silica jf pure ought to be perfectly white, and it ought
to melt with effervescence with carbonate of soda into a trans­
parent colourless glass.

3. The liquid freed from silica, together with all the wash­
ings of the silica, is to be concentrated by evaporation till it
is reduced to about ten cubic inches. It is then to be nearly
neutralized by carbonate of ammonia, stirring the whole well
after each addition, in order to drive off the carbonic acid.
I~to the liquid thus nearly, but not quite, neutralized, pour
caustic ammonia in slight excess, or till the liquid smells
distinctly of ammonia. The alumina and oxide of ita\\.
(should any be present) are thrown down') ~\\\\~ ~~ \.\:m~
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remains in solution. Separate the alumina upon a weighed
filter, and wash it carefully with distilled water till every
thing soluble is carried off. This is known to be the cue
when the liquid which passes through the filter is Dot aWected
by nitrate of silver. Then dry the filter containing the
alumina, take off 88 much of the alumina 88 pOMible, heat it
to redness, and weigh it. By burning the filter the quantity
left on the paper is determined, and it must be added to the
quantity ignited and weighed by itself. The weight of the
alumina should be about 6-425, or 25·7 per cent.

4. To determine whether it be pure alumina, put that
portion which had been ignited into a flask, and boil it with .
muriatic acid. The whole will dissolve except a few flocks
of silica, the quantity of which will be the smaller, the more
care was taken to dry the original solution before the silica
was removed. In general its weight does not amount to 6-1
grain, and sometimes it is not more than 0·02, or 0·01 grain.

The muriatic solution is evaporated nearly, but not quite
to dryness, to get rid of the excess of muriatic acid. It is
then mixed with a considerable excess of caustic potash, or
soda, till the precipitate which at first appears, be re-di..
solved. If the alumina be pure the whole will re-dissolve in
the caustic alkaline ley. In general a mere trace of oxide of
iron remains, too little to admit of being weighed. But
should the scolezite be impure the quantity of iron may be
greater. Should it amount to an appreciable quantity, let it
be collected on a balanced filter, washed and dried, and its
weight determined by burning the filter. I never saw a
specimen of scolezite in which the peroxide of iron from 25
grains of the mineral, amounted to so much as 0·01 grain.

Should any doubt be entertained whether the alumina be
really alumina, or ,vhether it may not be rather glucina, take
a small particle of it, moisten it with solution of nitrate of
cobalt, and expose it to a red heat before the blowpipe. If
the substance be alumina it will assume a deep and fine blue
colour, but this will not be the case if it was glucina.

5. The 4plmoniacalliquid from which the alumina had been
separated is to be saturated with muriatic acid, and concen­
trat~d on th>Sand-bath to ten cubic inches. While still hot, it is
to ~,mixed with oxalate of ammonia till all the lime is thrown
do\vn. The oxalate of lime is collected on a weighed filter,
and \vashed till the liquid which passes through ceases to be

affected by nitrate of si\vet.. \\. \~ \h~~ ~:t\.~~, \)..~~ \\I. U\.\\ch
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of the oxalate of lime as possible is put into a platinum cruci­
ble, and exposed to a red heat. The oxalic acid is decom­
posed, and the lime converted into carbonate. Mixed with
this carbonate of lime there is a little charry matter which
renders the colour grey. But if the heat bas been raised to
ignition, this charcoal j ost compensates for a little carbonic
acid driven off, so that the whole of it may be estimated as
carbonate of lime. What remains on the filter is determined
by burning the filter, and from the weight of its ashes deduct­
ing that of the weight of the ashes of the filter supposed
clean. From the whole carbonate of lime obtained, it is easy
to deduce the lime. For carbonate of lime is composed of

Carbonic acid, • 2-75
Lime, 3-5

6·25
Let the weight of the carbonate of lime be a, the lime

which it contains is ::~, or O·56a. It will be found on an

average to amount to 3-55 grains.
6. The liquid from which the lime was precipitated may

be tested for magnesia. But as scolezite contains none of
that alkaline earth, none of course would be found.

Having finished the analysis, the next step is to collect all
the constituents found together, and observe· whether their
weight amounts to as much as that of the mineral analyzed.
In the present case we have

Water,
Silica,
Alumina,
Lime,

24-975
The quantity of mineral employed was 25 grains, and the

weight of the constituents obtained 24·975 grains. So that
the two numbers agree 88 nearly as can be expected in such
an analysis. Had the 1088 amounted to 1 or 2 grains, there
would be a presumption that the mineral contained an alkali,
which would require to be BOught for by the methods indi.
cated in the next example.
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EXAMPLE III.

Analysis of Natrolite.
The constituents of natrolite are water, silica, alumiDa, soda,

and sometimes a little oxide of iron. The method of pro­
ceeding is almost the same as in the last example.

1. l~he water, the silica, the alumina, and the oxide of
iron, are separated precisely as in the case of scolezite.

2. The liquid remaining after the separation of the alumiua
may be tested for lime and magnesia, but none will be found.

Let it be evaporated to dryness, and the residual salt being
put into a platiuum crucible, let it be heated almost to ignition
till all the ammoniacal salts are driven off. Care should be
taken not to fuse the matter in the crucible, because when
that is the case a portion is apt to be dri\ren out of the cruci­
ble and lost. What remains (if the processes have been COD­

ducted with the requisite care) is common salt. Let it be
weighed and then dissolved in a little water. Into the COD­

centrated solution let fall a few drops of an alcoholic solution
of chloride of platinum. No precipitate will fall, showing that
the alkali in the salt is soda. Every seven and a half grains
of common salt are equivalent to 4 grains of soda. Let the
weight of common salt obtained be a, the soda is equal to

~~, or O·533a. If we have employed 25 grains of natrolite

in the analysis, we shall obtain at an average about 7·855
grains of common salt, equivalent to 4-19 grains of soda, or
16·76 per cent.

EXAMPLE IV.

Analysis ofllvaite.

This mineral contains five ingredients; namely, silica, alu­
mina, protoxide of iron, protoxide of manganese, and water.

1. When ilvaite is heated to incipient ignition, it gives out
water. The mineral by this treatment assumes a shining
black colour, and becomes attracted by the magnet, which is
not the case with it before this roasting. 25 grains of ilvaite
give out at a medium, about 0-317 grain of water, which
makes the ,,'ater in this mineral to amount to 1·268 per cent.

2. When 25 grains of ilvaite, in the state of fine powder,
are digested in muriatic acid, a solution is soon effected, and
the whole is speedily convetted into a ielly. The solution is
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evaporated to dryness, and the residue digested in water aci­
dulated with muriatic acid, and thrown on a weighed filter in
order to separate the silica. It is washed, dried, ignited, and
weighed, exactly in the way already described. The quan­
tity of silica from 25 grains of ilvaite, is at an average about
7-319 grains, \vhich is equivalent to 29-276 per cent.

3. To peroxidize the iron which constitutes so great a pro­
portion of ilvaite, a little nitric acid is added, and the liquid is
digested for some time. The peroxide of iron, together with
the alumina, are then precipitated by dropping bicarbonate of
soda into the cold liquid. The precipitate, while still moist,
is digested with caustic potash ley to dissolve off the alumina.
The peroxide of iron is then collected on the filter, washed,
dried, ignited, and weighed. From 25 grains of ilvaite, we
obtain 14-595 grains, equivalent to 13-1355 grains protoxide,
or 52-542 per cent. For 10 parts of peroxide of iron are
equi\ralent to 9 parts of protoxide.

4. Sal ammoniac being poured into th~ potash ley which
had been digeRted over the peroxide of iron, a quantity of
al umina falls, which after being washed, dried, and ignited,
weighs at an average O· 1535 grain, or 0-614 per cent.

5. The liquid (No_ 3) from which the iron had been pre­
cipitated, still retains lime and oxide of manganese in solu­
tion. It is raised to a boiling temperature, and completely
precipitated by carbonate of soda. l'he precipitate is washed
and dried, and exposed in an open vessel to a temperature
sufficiently high to expel the carbonic acid from the lime, and
convert the manganese into black oxide. From this mixture
dilute nitric acid dissolved out almost all the lime, leaving the
oxide of manganese, still contaminated with a little lime.
This residue is again exposed to a red heat, and afterwards
digested in dilute nitric acid, which dissolves out all the lime,
and leaves the manganese in the state of sesquioxide, every
5 grains of which are equivalent to 4·5 grains of protoxide of
manganese. l'he average quantity of sesquioxide of man­
ganese from 25 grains of ilvaite, is 0'441, equivalent to 0·397
grain of protoxide, wbich amounts to 1-587 per cent.

6. The lime is precipitated from the nitric acid solution by
neutralizing it with carbonate of soda, raising it to the boiling
temperature, and throwing it down in the state of carbonate
of lime. The average weight of carbonate of lime from 25
grains of ilvaite, is 6·15 grains, equivalent to 3-444 grains at:
lime, which amounts to 13·776 per cent.
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Having th1l8 finished the analysis, we must collect all the
ingredient&, and see whether their weights correspond with
the weight of the mineral analyzed. We have,

Water, 0·317
Silica, 1·919
Protoxide of iron, 13·1355
Alumina, 0·1535
Protoxide of manganese, 0·8970
Lime, 3-4440

24·i66
The 1081 being only 0·234, or leIS than ODe per cent., we

conclude that the analysis has been rightly conducted, and
none of the constituents overlooked.

EXAMPLE V.

AnalyIU of Eudllalite.
The constituents of this mineral, which was first analyzed

by Stromeyer, are silica, zirconia, l~me, soda, peroxide of
iron, protoxide of manganese, muriatic acid, and water.

1. The quantity of water is determined in the usual way
by ignition in a platinum crucible_ 25 grains of the mineral
lose, at an average, 0-45 grain, or about 1-8 per cent.

2. Being reduced to a fine powder, it is to be digested in
muriatic acid. It speedily gelatinizes_ Being evaporated to
dryness, and the residue digested in water acidulated with
muriatic acid, the silica is to be separated in the way already
explained. 25 grains of the mineral yield, at an average,
13-331 grains of silica, or 53·325 per cent_

2. The liquid thus freed from silica, is neutralized as
exactly as possible with ammonia, and then mixed with suc­
cinate or benzoate of ammonia_ The precipitate is separated,
washed, dried, and ignited, in a covered crucible. It is then
fully calcined in an open vessel_ In this state it is a mix­
ture of peroxide of iron and zirconia_ It is weighed and then
digested in muriatic acid. The peroxide of iron is dissolved,

· and the zirconia left behind is washed and dried. The per­
oxide of iron from 25 grains of eudyalite, weighs at-an aver­
age 1-69 grains, or 6-754 per cent. The zirconia remaining
behind, weighs at an average 2-775 grains, or 11-1 per cent.

s. The liquid thus deprived of its iron and zirconia, is
treated with tSulpho-h.,dra.te a\ \\U\U\\)\\\\\. \\) ~'\)~ \\,\)'1f\'\' the
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manganese. The precipitate thus obtained, is dissolved in
nitric acid, and the manganese again precipitated by means
of carbonate of soda. The precipitate after being washed,
dried, and ignited, is red oxide of manganese, every 4-833
grains of which is equivalent to 4-5 grains of protoxide of
manganese, or the protoxide is equal to 0-931 of the red oxide
obtained. The quantity of protoxide from 25 grains of the
mineral, amounts at an average to 0·515 grain, or 2-062 per
cent.

4. The liquid thus freed from manganese, is mixed with
oxalate of ammonia to throw down the lime. The oxalate of
lime is treated as already explained, aud the weight of lime
deduced from it by the ~ules formerly laid down. 25 grains
of eudyalite yield at an average 2·446 grains of lime, or
9·785 per cent.

5. l"'he residual liquid is now evaporated to dryness, and
the dry residue exposed to heat in a platinum crucible to
drive off the ammoniacal salts. The saline matter remaining
is dissolved in water. A little platinum derived from the
crucible sometimes remains behind. The solution being
treated with oxalate of ammonia, a little oxalate of lime is
separated, the lime of which is included in the preceding
estimate. When the carbonate of lime obtained from this
oxalate is dissolved in nitric acid, a few Socks of red oxide of
manganese generally remain undissolved.

6. The saline solution is again evaporated to dryness, and
the residual salt ignited. It is now weighed and then dis­
solved in water. A very minute quantity of carbonate of
lime may remain behind. The solution being sufficiently
concentrated, crystallizes in cubes, which have all the proper­
ties of common salt. From the weight of this common salt,
that of the soda contained in the mineral may be deduced. It
amounts to 3·455 grains from 25 of eudyalite, or to ]3-822
per cent.

7. To determine the amount of muriatic acid which eudya­
lite contains, a quantity of the mineral in powder may be
digested with nitric acid, in a close vessel till it gelatinizes.
The silica is then separated by the filter, and the nitric acid
liquid is treated with nitrate of silver. A precipitate of chlo­
ride of silver falls, which is separated by the filter, washed,
dried, and fused upon Ii piece of glass. From the weight of
this chloride, it is easy to deduce the weight of muria.tic ~\.d.

in the mineral_ For 18·25 grains of cn\Qt\n~ at ~\\'t~~ ~~
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equivalent to 4·625 grains of muriatic acid. Let the weight

f hl ·d f·1 b tb •• ·d 4-625"o C Ofl e 0 SI ver e a, e muriatic aCI = 18-25 or

= O·253a. The muriatic acid from 25 grains of eudyalite,
amounted to 0-258 grain, equivalent to 1·034 per cent.

l"he constituents of eudyalite obtained by the preceding
analysis, being collected, amount to

Water,
Silica,
Peroxide of iron, _
Zirconia,
Protoxide of manganese,
Lime,
Soda,
Muriatic acid,

24-918
Here the 108s does not exceed 0-328 per cent., a quantity

80 small, that we may conclude that no constituent has been
overlooked_

EXAMPLE VI.

Analylis of Orthite.

This mineral contains, like the preceding, no fewer than
six different constituents; namely, lime, alumina, yttria, pro­
toxide of iron, protoxide of manganese, and oxide of cerium_

J. The mineral being reduced to powder, 25 grains of it
are to be dissolved in aqua regia, and the silica separated and
estimated by the methods already described.

2. 1'he acid solution, together with the washings of the
silica, are concentrated to the bulk of about 10 cubic inches_
Caustic ammonia being added in slight excess, every thing is
thrown down except the lime, which still remains in solution.
The liquid being poured into a cylindrical glass vessel, is
covered \\'ith a glass plate, and left at rest to allow the preci­
pitate to sink to the bottom, while at the same time, the car­
bonic acid of the atmosphere is prevented from having access
to the ammonia, which would occasion a precipitate of carbon­
ate of lime. The clear liquid is then dra\vn off with a sucker,
and the sediment being diluted with hot water, is thrown upon
a balanced filler_ The filter and its contents are washed with
distilled boiling hot ,,;ater, in the way already described, till
the precipitate is perfect\)f clean.



THE FIXED CONSTITUENTS OF STONY MINERALS. 413

3. The water thus employed to wash the filter, together
with the portion drawn off with a sucker, is concentrated to
about 10 cubic inches, neutralized with muriatic acid, and
then precipitated while hot with oxalate of ammonia. The
oxalate of lime thrown down is collected on a weighed filter,
washed and ignited. It indicates the quantity of carbonate of
lime, from which the pure lime is to be deduced by the method
already explained.

4. The precipitate 'collected on the filter (in No.2) is put
into a flask ,,,bile still moist, and boiled for a couple of hours
in a caustic ley of potash or soda. By this process the alu­
mina is dissolved, while "the other constituents remain unacted
upon.

As it is impossible to take the whole precipitate off the
filter, we must proceed as follows :-We remove as much as
we can conveniently, without injuring the texture of the filter.
We then put tbe filter into a porcelain dish, and pour over it
water acidulated with muriatic acid. If we leave the filter
for some time in this liquid, the whole remainder of the pre­
cipitate will be dissolved. The solution being neutralized,
is poured into the flask containing the potash ley and the rest
·of the precipitate. The filter is to be washed with a little dis­
tilled water, which is poured also into the ley. Care must be
taken not to injure the texture of the filter, nor to convert
any of it into pulp. Should such pulp appear, it is best to
get rid of it by passing the muriatic solution through a filter,
taking care to concentrate it sufficiently before pouring it into
the flask.

1'0 know whether the muriatic liquor (supposing we do not
saturate it) may not saturate too much of the potash, let a
drop of muriatic acid be let fall into the ley. A precipitate
will at first appear, but it will dissolve again upon the least
agitation of tlte liquid, if the potash present be in sufficient
quantity. Should this precipitate not dissolve again, it is a
sign that the quantity of potash employed is too small. In
that case, tile portion of precipitate not dissolved in the ley,
must be again digested in a new portion of potash ley.

5. "fhe alkaline ley having thus taken up the alumina, is
drawn off, and the undissolved matter wasbed clean upon a
filter, taking care to add the washings to the potash ley, and
to concentrate till the bulk be reduced to a convenient quan­
tity for use. Then sal ammoniac being added in 6U{U~\.~~\.

quantity to saturate the alkali with mUTlat\e ae\~, U\~ ~\\.~\,,~
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is precipitated. It is collected on a double filter, washed with
hot water, dried, ignited, and weighed.

The alumina obtained in this way is almost always mixed
with a little silica. To separate this portion, the alumina is
boiled in a flask with muriatic acid till every thing 8Olubl~ be
taken up; the white residue remaining is the silica, which
must be separated, washed, ignited, and weighed, aDd ita
weight added to that of the silica previously obtained.

When the alumina constitutes the greatest part of the matter
thrown down by the ammonia, tile best method of proceeding
is this :-Mter washing the precipitate, dry it and expose it to

a red heat.- Let it then be dissolved by digestion in muriatic
acid; the silica remains undissolved. To the solution add a
sufficient quantity of caustic potash or soda; the alumina will
be retained in solution, but the other constituents will be
thrown down. Let the undissolved portion be collected,
washed, dried, and ignited. Its "Feight deducted from that of
the original quantity of ignited precipitate, gives the true
quantity of alumina which the mineral contains. This mode
of proceeding is advantageous, because alumina is bulky aDd
difficult to wash, and consequently occupies a good deal of
time; we save a troublesome washing, and are thus enabled
to finish the analysis in a shorter time. But we must be
careful to ascertain, before having recourse to it, that no other
constituent be present besides alumina, which is soluble in
caustic potash ley.

6. 'l~he matter not dissolved by the potash still remains to
be examined. It is a mixture of yttria, oxide of cerium,
oxide of iron, and oxide of manganese. It is dissolved in
muriatic acid, and into the solution a crust of sulphate of
potnsh is put, of such a size that it rises up higber than the
surface of the liquid, and it is left in this state for twenty-four
bours, to give the liquid time to be saturated with the salt.
As oxide of cerium has the property of formin~ a compound
salt with sulphate of potash, which is insoluble in a saturated
solution of sulphate of potash (no matter whether any UDcom­
bined acid be present or not), it will be all precipitated in the

• The portion that adheres to the filter is determined by burning the
filter, and allowance must be made for that portion when the precipitate is
analyzed. Suppose tbe portion of the precipitate ignited to be 10 grains,
and the portion which remains in the filter to weigh 0·2 grain. It is
obvious that we must auglDent the weight of each constituent found, by a
fiftieth part, to allow for the \,Of\\O\\. \O%t 0\\ \\\e 'i\\~'t ..
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state of this compound salt. The clear liquid is drawn off,
and the white precipitate is washed with water saturated with
sulphate of potash, till it is clean. It is then dissolved in
water, and the oxide of cerium precipitated by caustic potash
or soda. If we precipitate it by ammonia, the oxide of cerium
still retains sulphuric acid. The precipitate is collected on a
filter, washed, dried, and ignited. It is now peroxide of
cerium.

The atom of peroxide of cerium weighs 7, and that of
protoxide 6-5. Let the weight of peroxide obtained be a,

h • h f -d f · d· • 6-5at e welg t 0 protoxl e 0 cerIum correspon lng 18 --,-, or

O·9286a.
7. The liquid thus freed from oxide of cerium is rendered

as neutral as possible by ammonia, and then benzoate of
ammonia is added in sufficient quantity to throw down the
whole of the peroxide of iron which it contains_ The preci­
pitate after being washed, dried, and ignited in an open
crucible is peroxide of iron, the weight of which must be
determined.

H we dry the benzoate of iron in a temperature Dot under
212°, it is anhydrous, and when weighed in that state one­
fourth of its weight indicates the quantity of peroxide of iron
which it contains. #I

It is necessary, in order to throw down iron by benzoate of
ammonia, that the metal should be in the state of peroxide.
This is accomplished by adding a few drops of nitric acid to
the liquid before it is neutralized by ammonia, and digesting
it for some time on the sand-bath_

If the liquid be not completely neutralized by ammonia,
the benzoate of ammonia will still throw down the peroxide
of iron. But we cannot wash the precipitate with pure
water, because that liquid would dissolve a little of it, and
acquire a red colour. In such a case we must wash the pre­
cipitate with water, holding salammoniac in solution, because
the presence of that salt prevents the water from dissolving
benzoate of iron, even when there is a slight excess of acid
present.

The iron in the mineral was in the state of protoxide, but
by the above process we obtained it in the state of peroxide.
Now the atom of protoxide of iron is 4-5, and that of peroxide
5. Hence the protoxide amounts to nine-tenths of the corre­
sponding quantity of peroxide.



Ii Merinatr of ammoaia be employed iDsrad fill beBK....
the p~ is the ..e. 1m tbis coantry~ !Up price of
toecinie acid preciudes iu empInymenc in daeaUc&I aaaI!'S-

~. ~f)thiDg D->_ remained in tae liquid bcIc yuria'" ".
to~ide rJi man~ete. _~ being add~ the ytbia is
preeipita~ .nill' tile oxide of mangan~~ ia soI.baa
iD the ttate or a double alDlIIOIIiacal sale. The yttria beiag
erJll~ on a fiiefor, \S'a3ned, dried, aad ignited, the aIDOIIDt of
iu .~i~hc i-l determined.

9. 1-:0 the liquid DOW' freed from eYft! thing ~S~ oDIe
of manganne, an es~ of carbocwe of 50da is to be added,
and the wbole eQporated to dryness. to dri,-e off the ammonia.
The dry re;idue being digested in .-ater, e,-ery thing ditsol...es
ncepc the carbonate of manganese_ Ie is 1nISh~ dried,
moi~tened with nitric acid, and heated to incipient ignition.
It i. now !etCJuioxide or manganese, the atom of which ..eighs
5, wbile that of protoxide weighs 4-5_ Hence the protcWde
~MtjtUte5 nine-tenths of the 5eIMI0ioxide obtainftl.

\\ben oxide of manganese is esposed to a strong red heat,
ig colour becomes reddiih brown. In this atate it is a eom­
pound of one atom protoxide and two atoms sesquioxide of
manganew. ] ts atom weighs 4-833. In this case to find the
amount of protoxide from that of the red oxide, we .y

4-83.1 : 4-5 : : a (= weight of red oxide) : t~3' or o·g.cna.
Another mode of separating ~"ttria from oxide of manga­

nese i~ to add carbonate of soda to the liquid containing both,
and then to evaporate the ""hole to dryness. 'lhfln the dry
re~idue is washed \\-ith ,,"ater, a mixture of yttria and carbonate
of manganese remains. If we digest this" mixture ",,,bile still
moi",t, ill a large quantity of carbonate of ammonia, the yttria
will be di~~olvcd, ,,"hile the oxide of manganese l\l'ill be left
behind. By boiling the ammoniacal liquid we throw down
tlte yttria, which i~ collected, washed and determined as before
explaincd. '!'he oxide of manganese is treated exactly as has
j UHt hccn described.

'fhe constituents thus obtained are now to be collected, and
it will he found that they nearly amount to the weight of
the min<»ral analyzed. Hence it may be inferred that no COD­

Rtitucnt has heen overlooked.

II. ltfinerals requiring to be lleated with Carbonate ofSoda.

'rIll» oreceding examp\e~ ate %\1.~e\~\\\\\\ ~\\a\\te the young
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analyst to analyze those minerals which dissolvt!" in muriatic
acid. The remaining stony bodies, in order to become soluble
in muriatic acid, require to be reduced to a fine powder, to be
intimately mixed with twice or thrice their weight of anhy­
drous carbonate of soda, and to be ignited for an hour in a
platinum crucible. The following table exhibits the names of
some of the most remarkable minerals that require this treat­
ment:-

I. Felspar. 24. Staurolite,
2. Albite, 25. Emerald,
3. Petalite, 26. Euclase,
4. Spodumene, 27. Tourmalio,
5. Labradorite, 28. Axinite,
6. Andaluzite, 29. Topaz,
7. Barytes"harmotome, 30. Chondrodite,
8. Chrysolite, 31. Picrosmine,
9. Prehnite, 32. Carpholite,

10. Mica, SSe Steatite,
1I. Lepidolite, 34. Serpentine,
12. Talc, 85. Nacrite,
13. Chlorite, 36. Obsidian,
J4. Pinite, 37. Pitchstone,
15. Achmite, 38. Bytownite,
16. Amphibole, 39. Plinthite,
17. Pyroxene, 40. Schiller spar,
18. Anthophyllite, 41. Hyperstene,
19. Diallage, 42. Retinalite,
20. Epidote, 43. Bucholzite,
21. Idocrase, 44. Cyanite,
22. Garnet, 45. Zoisite,
23. Dichroite, 46. Hydrolite.

I shall give examples of the mode of analyzing these
minerals, according to their constituents.

EXAMPLE I.

Analysis of Albite.
The constituents of this mineral are silica, alumina, and

soda, with a very little lime, and peroxide of iron. It differs
from felspar merely in containing soda instead of potash, which
is the constituent in felspar. ..

This mineral containing an alkali, and being insol\\h\.~ \.'\\.
II. 2 E
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muriatic acid, we may adopt the following pr0ce88 for aRer­

raining its constituents :-
1. Let 25 grains of it in the state of fine powder be inti­

mately mixed with four times its weight of nitrate of baryteI,
in a platinum crucible, and the mixture exposed for two hoan
to a strong red heat. The fused ID888 is to be dissolved ia
muriatic acid, and the silica separated in the way already
described. It will amount, at an average, to 17·669 graina.

2. The remaining liquid freed from silica is to be eonceo­
trated to a manageable quantity, and mixed with lulphate of
ammonia, to throw down the barytes. The sulphate of barytea
must be separated by the filter, and the liquid, reduced to •
manageable quantity, is to be heated to the boiling point, aDd
mixed witb carbonate of ammonia in excess, which will throw
down the alumina, together with the lime and oxide of iron.

3. The liquid thus freed from every thing except the alkali
is to be evaporated to dryness, and the residual matter heated
to drive off the ammoniacal salts. A small quantity of saline
matter remains, which after fusion is to be dissolved iD water
and evaporated. It will yield cubic crystals to the very IaIt
drop, having all the properties of common salt, and will Dot
be precipitated either by an alcoholic solution of chloride of
platinum, or by tartaric acid. It weighs at an average '·W
grains, indicating 2-264 grains of soda, or 9-056 per cent.

From the metbod employed to throw down the barytes it
may happen that the common salt may be mixed with a little
sulpbate of soda. To determine this point the common salt
obtained must be dissolved in water, and the solution tested by
cbloride of barium_ The precipitate, if any fa)), must be
collected, washed, ignited, and weighed. Let it weigh a, the

sulphuric acid in it will be l~~' or 2~9' or 0·8448a. The

soda united to this sulphuric acid will be 1~~a' or 0·2758a.

This gives U8 the weight of the sulphate of soda present
= 0-6206a. This quantity must be subtracted from the
common salt. We must determine the soda equivalent to the
remainder, and adding to this the soda in the sulphate, we
obtain the whole soda in the mineral.

3. Tile precipitated alumina, with the lime and oxide of
iron, are to be dissolved in a little muriatic acid, and the
solution neutralized and mixed with caustic ammonia in slight
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excess. The alumina and oxide of iron will be precipitated,
while the lime remains in solution.

4. Let the liquid containing the lime be precipitated hot
with oxalate of ammonia, and let the precipitate be collected,
washed, dried, and ignited. It is carbonate of lime, weighing
at an average 0-105 grain, indicating 0-059 grain of lime, or
0-235 per cent.

4. Let the precipitated alumina, &c., while still moist, be
digested in caustic potash ley; the whole will dissolve, except
a minute quantity of reddish-brown matter. This matter
being tested will be found to be peroxide of iron, with a slight
trace of protoxide of manganese; the weight is only about
0-028 grain, or 0·111 per cent. To analyze with accuracy
10 minute a quantity of matter is impossible, but the quantity
of manganese in it may barely be made appreciable by the
blowpipe.

5. l'he potash ley may now be mixed with sal ammoniac.
The alumina will be precipitated_ Let it be washed, dried,
ignited, and weighed: its weight at an average amounts to
4-95 grains, or 19-801 per cent. Being digested in muriatio
acid, it generally leaves a minute quantity of silica, which is
to be estimated and added to the weight of the silica originally ,
found, while its amount is to be subtracted from the alumina.

Having finished the analysis, we collect 88 usual all the
eonstituents together, that we may see their amount.

Silica, 17-669
Soda, • 2-264
Alumina, 4·950
Lime, 0-059
Peroxide of iron, 0-028

24-970
As the quantity nearly coincides with the weight of the

mineral employed, we may consider it 88 certain that we have
not omitted any of the constituents.

EXAMPLE II.

Analym of Gamet.
There is a variety ofminerals at present confounded together

under the name of garnet; but the kind of garnet which I
employ here 88 an example is the dark red vari~t." 'oa.'\\\~"
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specific gravity of 4·236. Its constituents are silica, alumina,
protoxide of iron, and protoxide of manganese.

1. 25 grains of this garnet, reduced to a fine powder, are to
be mixed with thrice their weight of anhydrous carbonate of
soda, and exposed to a red heat for an hour and a half in a
platinum crucible. The matter, if melted, will have 818umed
a dark green colour. It must be dissolved in muriatic acid,
and the solution evaporated to dryness. The dry residue
being digested for an hour in water acidulated with muriatic
acid, the whole is thrown on a weighed filter, and the silica
which remains upon the filter must be washed, dried, ignited,
and weighed. It amounts, on an average, to 9·965 grains, or
39-86 per cent.

2. The liquid from which the silica had been separated is to
be concentrated to a manageable quantity, and then mixed
with caustic ammonia in slight excess. The mixture may be
allowed to remain for half an hour in a covered vessel to give
time to the precipitate to subside. I t is then to be collected
on a filter, washed, dried, ignited, and weighed. Being again
dissolved in muriatic acid, a little silica will remain behind,
which is to be separated and weighed.

s. The solution is now to be mixed with a great excess of
caustic soda, and boiled for some time that all the alumiDa
may be dissolved. l'he undissolved portion is then separated
by the filter, washed, dried, ignited, and weighed. Its weight,
together with that of the silica (in No.2.) being subtracted
from the original weight of the ignited precipitate, will give
tIle weight of the alumina dissolved by the caustic soda ley.
It amounts at an average to 4·915 grains, or 19·66 per cent.

4. The oxide of iron, &c_, (of No.3.) is to be dissolved in a
boiling heat in aqua regia. A little silica reolains behind,
which must be separated, washed, dried, ignited, and weighed.
Its weight is to be added to that of the silica obtained in No_ 1.

S. The solution being neutralized as nearly as possible with
caustic ammonia, the peroxide of iron is to be thrown down
by benzoate of ammonia. l"he precipitate, washed with cold
water, and afterwards with water containing a little ammonia,
is to be heated to redness and weighed. The weight at an
average amounts to 11·02 grains, equivalent to 9·92 grains
of protoxide of iron, or 39-68 per cent.

6. The liquid thus freed from iron is to be mixed with
carbonate of soda in excess, and evaporated to dryness. The
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residue being digested in water to dissolve the saline consti­
tuents, a quantity of. white matter remains, which becomes
brown by ignition, and is the red oxide of manganese, together
with a very minute portion of silica, and a trace of lime. Its
weight at an average amounts to 0-456 grain, equivalent to
0·425 grain· of protoxide, or 1-7 per cent.

We now 88 usual collect all the constituents together_
Silica, 9-965
Alumina, 4·915
Protoxide of iron,. _. 9·920
Protoxide of manganese, _ 0-4.25

25-225
In this case the constituents rather surpass the original

weight of the mineral. We:may be satisfied, therefore, that no
constituent has been overlooked.

EXAMPLE III.

Analysis of Hornblende.
The constituents of this mineral are numerous; namely, silica,

magnesia,lime, protoxide of iron, alumina, protoxide of man­
ganese, Huoric acid, and water. As it contains magnesia 88 a
constituent, several precautions are necessary in order to obtain
that substance in a state of purity. It has a great tendency to
form double salts, and from this it happens that we are apt to
get the magnesia contaminated with some foreign matter which
increases its quantity beyond the truth, 80 that in analyzing
magnesia minerals we often obtain a greater weight when we
add the constituents together, than the amount of the whole
mineral submitted to analysis. To put the young analyst on
his guard against these mistakes, it will be requisite to enter
somewhat into detail. The present example will sb.ow the
general method of managing minerals which contain magnesia
88 a constituent.

1_ The mineral reduced to a fine powder, is to be mixed
with three times its weight of anhydrous carbonate of soda,
and exposed for an hour to a red heat in a platinum crucible.
rl'he matter whether it has been fused or only made to cohere
by the heat, is to be dissolved in muriatic acid. In general
a few white Hocks remain undissolved, easily distinguished by
their lightness from the undecomposed powder of the mineraL

2. The muriatic acid solution is eva\\ota,\e(\ to ~t,'\\~.,Q.."t~
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being taken to make the heat equable, and to break all the
little knots that may remain, that every portion of the residue
may be equally dried. The dry residue is then DUed with
water acidulated with muriatic acid, and allowed to digest for
an hour. The whole is then thrown on a weighed filter, aod
the silica washed, dried, ignited, and weighed.

8. The liquid thus freed from silica, is precipitated by
caustic ammonia, taking care to add as small ao ace. _
p088ible, lest a portion of the alumina should be kept in 101u­
tion. The precipitate is to be collected on a weighed filter,
washed with hot water, put while still moist into a call1tic
soda ley, and boiled in it for an hour in order to dissolve the
alumina. Or, instead of this, we may ignite the precipitate
and dissolve it in muriatic acid. A little silica will remain,
which is separated, washed, ignited, and weighed. The 101u­
tion is mixed witb an excess of potash or soda ley, boiled with
it an hour, and then what remains undissolved, is separated
from the alkaline ley by the filter.

4. The alkaline liquid (of No.3.) is saturated with muriatic
acid, added in such quantity, that the alumina at first thrown
down is re-dissolved. It is then thrown down by carbonate of
ammonia. l'he alumina is collected on a filter, washed with
hot water, dried, ignited, nnd weighed. If it be dissolved in
dilute sulphuric acid, a little silica usually remains behind j aDd
if to the solution sulphate of potash or sulphate of ammonia be
added, crystals of alum are gradually deposited.

5. The portion of the precipitate (of No.3.) not dissolved
by boiling it in an alkaline ley, is dissolved in muriatic acid, a
little nitric acid is added, and the whole boiled a little while
to peroxidize the iron. The solution is diluted with water,
neutralized by caustic ammonia, and precipitated by succinate
or benzoate of ammonia. The iron is thrown down in the
state of peroxide, and in combillati~n l\l'ith the acid of the salt
employed as a precipitant. The benzoate of iron must be
collected in a filter, washed with cold water, dried, and ignited.
The acid is dissipated and pure peroxide of iron remains, pro­
vided the ignition has been continued long enough in an open
vessel. From the weight of peroxide of iron thus obtained,
that of the protoxide of iron, which is the state in which iron
exists in bornblende, is easily deduced by the method already
explained at full length in a preceding example.

6. The liquid thus freed from iron, may be tested by the
addition of a little catoona\e ai aU\.\t\\)l.\\\\, t~ %ee whether it
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may Dot still retain a trace of alumina, which may have
escaped the action of the alkaline ley. Should any precipitate
appear, it must be separated, washed, dried, and ignited, and
its weight added to that of the alumina already obtained.
What liquid remains after these processes, may be added to
the liquid No.2., from which the alumina and iron have been
thrown down by means of caustic ammonia.

7. The liquid of No.2. contains still the lime, magnesia,
and oxide of manganese. It must be heated to drive off all
the excess of caustic ammonia which it contains. "It is then
diluted with hot water and precipitated by oxalate of ammonia.
When the oxalate ceases to produce any more effect, the
oxalate of lime is collected on the filter, washed, dried, and
ignited_ It is converted into carbonate of lime, from which
the lime contained in the mineral is to be- deduced in the way
already explained.

For greater security, we may saturate the lime with sul­
phuric acid, and after igniting the sulphate of lime, determine
its weight. Supposing the sulphate anhydrous, 8S it is rell­
dered by ignition, every 8l grains of it contain 3-5 grains of
lime. Let the weight ofsulphate be a, the lime contained in

• • a-Sa 041n -
It 18 8-5 or - ~.

8. The liquid thus freed from lime is to be evaporated, but
to prevent the precipitation of any oxalate of magnesia during
the evaporation, wbich would happen if an excess of oxalate
of ammonia" had been added, a few drops of muriatic acid is
added to it. ·The concentrated solution is mixed with car­
bonate of soda, added at first cautiously, till the sal ammoniac
in the liquid is decomposed and its ammoniac driven off, then
more carbonate of soda is added, the liquid being kept boiling
hot till the magnesia is precipitated. These precautions are
requisite to prevent the double magnesian salt from forming.
The employment of carbonate of soda instead of carbonate
of potash, has also a tendency to prevent the formation of the
double salt, for soda-carbonate of magnesia does not form
nearly 80 readily 88 potash-carbonate.

When the precipitated magnesia concretes together into a
heavy, fine, granular powder, we may conclude that it is all
precipitated and that no double salt is present. We may
then collect it on the filter. But when it is bulky and ligh'
like alumina, we must not attempt to filter, but continue the
boiling. 1'0 make it certain tbat all the magn~fa\a. itt ~'t\\~~
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down, the best way is to evaporate to dryness, takiDg care to
stir the mixture from the bottom with _ glass rod, to prevent
the matter from agglutinating together. The dry residue is
digested in hot water. The carbonated magnesia is DOW col­
lected on a filter and washed. The procell of washing is
easy, Dot requiring more than half an hour. It is now to be
dried, ignited strongly, to drive off the carbonic acid, and
weighed. If we dissolve the magnesia thus obtained in muria­
tic acid or dilute sulphuric acid, a little silica usually remains
11ndissolvcd.

9. The Bolution neutralized by ammonia, is mixed with •
little sulphohydrate of ammonia, to throw down the oxide of
manganese. The precipitated manganese is dissolved in
muriatic acid, filtered, precipitated by carbonate of soda at a
boiling temperature, washed, dried, ignited, and weighed. It
is in the state of red oxide, every 4·833 grains of which are
equivalent to 4·5 grains of protoxide of manganese.

10. The solution thus..freed from manganese, is heated to
drive off the sulphuretted hydrogen, saturated with sulphuric
acid and evaporated to dryness. By dissolving the residual
salt in water, we satisfy ourselves whether any lime has
remained united to the magnesia. Should any gypsum re­
main, it must be separated, washed with a little water applied
at intervals, dried, ignited, and weighed. The lime contained

in it amounts to 3'5 or 0'412 of the whole gypsum.
~·5

This portion of lime, together with the small quantity of
silica and oxide of manganese obtained, being subtracted from
the \vhole \veight of the precipitate, the remainder gives the
quantity of magnesia contained in tbe mineral.

It deserves attention, that the silica obtained when the
precipitated magnesia is dissolved in sulphuric acid, however
carefully wasbed, and though its weight is not greater than
when the magnesia has been dissolved in muriatic acid, p0s­
sesses however some peculiar properties. It is more bulky
and seems composed of scales, coheres together before the
blowpipe, and gives a light blue colour when heated with
nitrate of cobalt. Bonsdorff, to whom we owe these observa­
tions, examined this silica with the utmost care, and could
find nothing in it except a trace of lime, so small as not to be
capable of being appreciated.· This singular variety of silica

• Ki)ug. Vct. .Acad. Handl., 182 J, p. 20.1.



THE FIXED CONSTITUENTS OF STONY MINERALS. 425

always occurs whenever the magnesia from a mineral holding
magnesia !s dissolved in sulphuric acid.

II. '"?ti determine the quantity of water in the mineral, a
gi!9'a"J weight of it is exposed to a red heat in a platinum cru­

.".~ole for a quarter of an hour. A spirit lamp may be very
6'. conveniently employed for this trial If we now expose the

laDle portion of mineral to a white heat for half an hour, it
will be found to lose an additional weight, amounting in horn­
blende, generally to from half a per cent. to 3 per cent.·

EXAMPLE IV.

Analysis of Emerald.

The constituents of this mineraI are silica, alumina, glucin8,
oxide of iron, and according to Vauquelin, oxide of chromium,
and according to Berzelius, columbic acid.

1. 25 grains of it in the state of fine powder are well
mixed with thrice their weight of carbonate of soda, and
heated for an hour in a platinum crucible. Towards the end
of the process I usually raise the heat sufficiently high to fuse
the mixture. The fused mass is digested in dilute muriatic
acid, which dissolves every thing except a few Hocks of silica.
The solution is gradually evaporated to dryness in a porcelain
dish, and the dry residue being digested for an hour in dilute
muriatic acid, the silica is collected on a fil ter, and its quan­
tity determined in the way already described.

2. The liquid which has passed through the filter being
concentrated to a manageable quantity, and almost neutralized
with carbonate of ammonia, taking care to agitate well in
order to expel the whole carbonic acid, is then precipitated
by caustic ammonia.

3. The precipitate, while still moist, is put into a bottle
with a crystal stopper, and a large quantity ·of solution of
carbonate of ammonia being poured over it, the whole is
well agitated, and the bottle left for twenty-four hours, agi­
tating occasionally during the interval. The undissolved
portion being allowed to subside, the clear solution is drawn
off by a sucker, and an additional .quantity of carbonate of
ammonia being poured into the bottle, the whole is well
agitated and left for twenty-four hours more, agitating

• The reader will find an excellent set of directions for analyzing mag­
nesian minerals, in Bonsdorfl"s paper on Amphibole. Kong. Vet. Acad.
'Handl., 182], p. ]9;.
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occasionally during that interval. The whole is DOW to be
poured upon a filter, and the residue washed with eolUtiOD of
earbonate of ammonia till every thing soluble is removed.

4. The carbonate of ammonia solution contains the glueiDa.
This earth is precipitated by boiling the liquid in a gIa.
flask till the exceu of ammonia is driven off. As the liquid
could not be free from muriatic acid, it may be proper to add
a few drops of caustic ammonia, in case the muriatic acid may
have taken up any of the glucio&, in order in that case to
throw it down again. The precipitated glucina is collected
on the filter, washed, dried, ignited, and weighed.

5. It will be proper to examine the glucina thus obtained,
in order to ascertain its purity, or whether it be really
glucioa.

(1.) Pure glucina has a white colour, and is tasteless and
insoluble In water. But it dissolves in acids, even after igni­
tion, though not without difficulty. The satllrated acid
lolutions of glucina have a sweet taste.

(2.) No acid occasions a precipitate when poured into a
IOlution of a glucina salt.

(S.) When potash ley is poured into a solution of glucina,
a bulky precipitate falls, which is completely dissolved in aD

excess of potash. If to this solution containing potash and
re-dissolved glucina you add sal ammoniac, the glucina is agaia
precipitated.

(4.) Ammonia produces in solutions of glucina a bulky
precipitate, which does not re-dissolve in an excess of am­
monia. The presence of sal ammoniac in this solution does Dot
prevent the appearance of the precipitate.

( 5.) Carbonate of potash throws down a bulky precipitate
from solutions of glucina, which is re-dissolved by an exce81
of the precipitant.

Carbonate of soda, carbonate of ammonia, and the bicar­
bonates of these alkalies, and of potash, act precisely in· the
same way.

(6.) Phosphate of soda throws down a bulky precipitate
from solutions of glncina.

(7.) Oxalate of ammonia occasions DO precipitate.
(8.) When potash is added to a solution of glucina COD­

taining an excess of sulphuric acid, no crystals of alum are
produced•.

(9.) Prussiate of potash occasions no precipitate.
(10.) Sulphohydrate of ammonia throws down a precipitate
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in neutral solutions of glucin&, which is soluble in solutions of
potash.

But 8ulphuretted hydrogen gas occasions DO precipitate.
(11.) Litmus paper is reddened by neutral solutions of

glucina.
( 12.) The salts of glucina in general are decomposed by a

red heat.
(13.) Many of the salts of glucina are insoluble in water.
(14.) When glucin&, moistened with nitrate of cobalt, is

heated before the blowpipe it does not become blue, but
dark grey or black.

6. When the glucina obtained in the above described mode
was dissolved in muriatic acid in Berzelius' analysis a small
portion of white matter remained which had the following
properties :-

(I.) When heated before the blowpipe with carbonate of
soda it did not form a glass.

(2.) With borax it fused into a transparent glass, which by
flaming became milk white.

From these two characters he concluded that the substance
was columbic acid. But the evidence seems hardly sufficient
to determine its identity with that acid.

7. The undissolved portion of No.3., collected on the filter
is to be dried, ignited, and weighed. It is then dissolved in
muriatic acid. and the solution mixed with potash ley in great
excess. This alkali dissolves the alumina which is at first
precipitaood, and leaves peroxide of iron, which is to be
separated, washed, dried, ignited, and weiglled. Its weight
being subtracted from that of the whole precipitate dissolved
in the muriatic acid gives that of the alumina.

8. Vauquelin, in his analysis of the emerald of Peru, found
no oxide of iron but oxide of chromium. After separating the
silica, he added caustic potash in great excess to the solution.
It re-dis8olved the glucina and alumina at first thrown down,
but precipitated a lilac-coloured powder, which became green
before the blowpipe; and when fused with borax or biphos­
phate of soda, it gave a fine green glass quite similar in
colour to the emerald. When boiled with nitric acid to
dryness, and potash poured upon the residue, a lemon-yellow
coloured solution was obtained, which being mixed with a so­
lution of nitrate of lead, gave a fine yellow precipitate, and
with nitrate of mercury, a red precipitate.- From these

• Jour. del Minel, ~\i. 94.
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OCC8Iionally during that interval. The whole is DOW to be
poured upon a filter, and the residue washed with eolotioD of
earbonate of ammonia till every thing soluble is removed.

4. The carbonate of ammonia solution contains the glucioa.
This earth is precipitated by boiling the liquid in a gIa.
Saak till the exceu of ammonia is driven off. As the liquid
could not be free from muriatic acid, it may be proper to add
a few drops of eaustic ammonia, in case the muriatic acid may
have taken up any of the glucina, in order in that case to
throw it down again. The precipitated glucina is collected
on the filter, washed, dried, ignited, and weighed.

5. It will be proper to examine the glucina thus obtained,
in order to ascertain its purity, or whether it be really
glacioa.

(1.) Pure glucina has a white colour, and is tasteless and
insoluble tn water. But it dissolves in acids, even after igni­
tion, though not without difficulty. The satllrated acid
IOlutions of glucina have a sweet taste.

(2.) No acid occasions a precipitate when poured mto a
IOlution of a glucina salt.

(S.) When potash ley is poured into a solution of glucina,
a bulky precipitate falls, which is completely dissolved in aD

excess of potash. If to this solution containing potash and
re-dis8olved glucina you add sal ammoniac, the glucina is again
precipitated.

(4.) Ammonia produces in solutions of glucina a bulky
precipitate, which does not re-dissolve in an excess of am­
monia. Tbe presence of sal ammoniac in this solution does not
prevent the appearance of the precipitate.

( 5.) Carbonate of potash throws down a bulky precipitate
from solutions of glucina, which is re-dissolved by an excess
of the precipitant.

Carbonate of soda, carbonate of ammonia, and the bicar­
bonates of these alkalies, and of potash, act precisely in· the
same way.

(6.) Phosphate of soda throws down a bulky precipitate
from solutions of glncina.

(7.) Oxalate of ammonia occasions no precipitate.
(8.) When potash is added to a solution of glucina COD­

taining an excess of sulphuric acid, no crystals of alum are
produced•.

(9.) Prussiate of potash occasions no precipitate.
(10.) Sulphohydrate of ammonia throws down a precipitate
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in neutral solutions of glucioa, which is soluble in solutions of
potash.

But 8ulphuretted hydrogen gas occasions no precipitate.
(11.) Litmus paper is reddened by neutral solutions of

glucina.
( 12.) The salts of glucina in general are decomposed by a

red heat.
(13.) Many of the salts of glucina are insoluble in water.
(14.) When glucina, moistened with nitrate of cobalt, is

heated before the blowpipe it does not become blue, but
dark grey or black.

6. When the glucina obtained in the above described mode
was dissolved ill muriatic acid in Berzelius' analysis a small
portion of white matter remained which had the following
properties :-

(I.) When heated before the blowpipe with carbonate of
soda it did not form a glass.

(2.) With borax it fused ioto a transparent glass, which by
ftaming became milk white.

From these two characters he concluded that the substance
was columbic acid. But the evidence seems hardly sufficient
to determine its identity with that acid.

7. The undissolved portion of No.3., collected on the filter
is to be dried, ignited, and weighed. It is then dissolved in
muriatic acid. and the solution mixed with potash ley in great
excess. This alkali dissolves the alumina which is at first
precipitaood, and leaves peroxide of iron, which is to be
separated, washed, dried, ignited, and weighed. Its weight
being subtracted from that of the whole precipitate dissolved
in the muriatic acid gives that of the alumina.

8. Vauquelin, in his analysis of the emerald of Peru, found
no oxide of iron but oxide of chromium. After separating the
silica, he added caustic potash in great excess to the solution.
It re-dissolved the glucina and alumina at first thrown down,
but precipitated a lilac-coloured powder, which became green
before the blowpipe; and when fused with borax or biphos­
phate of soda, it gave a fine green glass quite similar in
colour to the emerald. When boiled with nitric acid to
dryness, and potash poured upon the residue, a lemon-yellow
coloured solution was obtained; which being mixed with a so­
lution of nitrate of lead, gave a fine yellow precipitate, and
with nitrate of mercury, a red precipitate.- From these

• Jour. des Minel, ~\i. 94.
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propertiel there could be no doubt that the matter was oxide
of chromium.

EXAMPLE V.

Anal,l8u oftile Topaz.
This mineral is a compound of silica, alumina, and 8uorie

acid. No good method of determining the weight of 8uoric
acid has been hitherto discovered. In the third example I
described the method employed by Bonsdodr; in this I shall
give the way in which Berzeliu8 attempted to determine iL

I. The topaz, reduced to a fine pOl\"der, is to be mixed with
four times its weight of anhydrous carbonate of soda, and ex­
posed for an hour in a platinum crucible to a strong red heat.
From the matter thus treated, the alkali is to be washed of
completely, and dissolved in water, so that nothing remains
but a white powder. Berzelius was of opinion that the alka­
line solution would contain the whole ftuoric acid. But 81 it
might contain also a little silica and some alumina, carbonate
of ammonia was added to it as long as any precipitate fell.
The precipitate being separated by the filter, the liquid wu
slowly concentrated by placing it in a warm place to drive of
the excess of ammonia. During this concentration a little
more earthy matter felL

2. The white powder of No.1. not dissolved in water,
together with the portion separated from the alkaline solution,
was collected on a filter and well washed.' It was then dis­
solved in dilute muriatic acid. The solution, which wu
complete, was evaporated to dryness, and the dry residue
being digested for some time in dilute muriatic acid, the silica
was collected on a filter and treated in the way already
described.

8. From the liquid thus freed from silica, and rendered
previously nearly neutral by carbonate of ammonia, the alu­
mina was precipitated by caustic ammonia. It was washed,
dried, ignited, and weighed. Being dissolved in muriatic
acid, it left no silica behind. We see from this, that l\phen
the original solution is evaporated, and the residue made
sufficiently dry, the silica may be rendered quite insoluble.
This is a case which never occurred to me in any of my
analyses, though I am always at considerable pains in drying
the residue. But I state it, tbat the reader may see the
possibility of rendering the silica insoluble in muriatic acid. .
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4. The carbonate of soda solution, containing the fiuoric
acid, was evaporated in a silver basin till its quantity was
reduced sufficiently to make it convenient for examination.
It was then saturated with muriatic acid, and left for twenty­
four hours in a temperature of 86°, to give time for the car­
bonic acid to escape. The liquid was then raised to the
boiling temperature, and neutralized with caustic ammonia,
added slightly in excess. It was then put into a Bask, mixed
with a solution of muriate of lime, and the vessel being corked
as quickly as possible, it was left to become clear. The
clear liquid was drawn off, and a new portion of boiled water
added. It was again left to become clear, and the fiuor spar
produced by mixture of the muriate of lime with the fiuate of
soda was collected on the filter, washed, dried, and ignited.
To this substance a little muriatic acid was added to ascertain
whether any carbonate of lime was mixed with the fiuor spar.

From the weight of fiuor spar thus obtained, it was easy to
determine the quantity of fiuoric acid contained in the mineral.
For fiuor spar is a compound of

Fluorine, •
Calcium, •

4·75
So that every 4·75 grains of fluor spar are equivalent to 2-25
grains of fiuorine, or 2·375 grains of fiuoric acid. Or if we
multiply the fiuor spar obtained by 0-474, we obtain the
weight of fiuorine.

This method of Berzelius is probably capable of consider­
able exactness, when the mineral containing fiuoric acid is
free from lime, as is the case with the topaz. But when lime
is present it is obvious that the fiuoric acid must be in com­
bination with the lime, and carbonate of soda does not seem
capable of decomposing fiuor spar completely.

Klaproth's method of determining the quantity of ftuoric
acid in the topaz was nearly the same as that of Berzelius.
The liquid from which the silica and alumina had been
separated was neutralized by nitric acid, evaporated to a
small quantity, and then mixed with lime water. Fluor spar
precipitated, from the quantity of which he deduced the
weight of fiuoric acid in the mineral.·

" Beitrige, iv. 176.
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EXAIiPU VI.

A.tJly.iB of CAry.oberyL
The eoDltitoents of this mineral are silica, glucina, alumi....

aDd protoxide of iron. Seybert detected a little oxide of
titanium in the specimens which he analyzed, but I could
detect none of that substance in the chrysoberyls from Brasil
which I examined, though I repeated the analysis three timet,
and Dr. Thomas Muir, at my request, made a fourth aoaIyaiI
of the same mineral, with the same object in view.

I. The chrysoberyl reduced to the finest p088ib~e powder
is mixed with four times its weight of anhydrous carbonate of
soda, and the mixture exposed to a Btrong red heat for at least
an hour in a platinum crucible.- The mixture was dissolved
in muriatic acid. In general a portion of the mineral remainl
undecomp08ed. It is best to pound it again, and mixing u
with four times its weight of carbonate of soda, repeat the
ignition for at least an hour. The mixture is again treated
with muriatic acid. By three or four repetitioDs of these
processes (always pounding the undecomposed residue) I suc­
ceeded in obtaining a complete solution of the chrysoberyl in
muriatic acid.

2. The muriatic solution is evaporated to dryness, and the
silica separated in the way already described. The quantity
found by Seybert varied from 4 to 6 per cent., but in my
analysis I got no silica whatever.t

2. The muriatic acid solution freed from silica (should any
be present) is reduced to a quantity sufficiently small for COD­

veniently experimenting on; it is then precipitated by caustic
ammonia, and the whole is left at rest in a stoppered bottle
till the precipitate has subsided to the bottom. The clear
liquid is then drawn off by a sucker, and the bottle filled
up with a solution of carbonate of ammonia; the mixture
is to be well shaken and left for twenty-four hours, agitating
it occasionally. The carbonate of ammonia is then to be
drawn off, and a new portion poured on, and treated in the
same way. Thus the glucina is dissolved in the carbonate

• Caustic potash bu been commonly used for rendering chryloberyl
soluble in muriatic acid, but I found that carbonate of soda anawered the
purpose when the chrysoberyl was sufficiently pounded.

t The portion or silica which I obtained was just equivalent to what
had been rubbed off the agate mortar during the pounding of the mioera1.
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of ammonia, while the alumina and oxide of iron remains
undissolved.

3. 'I'he alumina and oxide of iron being thoroughly washed
are to be dissolved in muriatic acid, and the solution mixed
with potash ley in great excess. Alumina is kept in solution,
while the peroxide of iron remains undissolved. This per­
oxide is then to be separated,· washed, ignited, and weighed.

4. The potash solution of alumina is mixed with sal am­
moniac, which throws down the alumina. It is collected on
a balanced filter, washed with hot water, dried, ignited, and
weighed. .

5. Mr. Seybert, in his analysis of chrysoberyl, employed
caustic potash to render the mineral soluble in muriatic acid.
Mter four successive fusions with caustic potash, 0·17 of the
quantity originally employed remained unacted on, and was
not diminished by a subsequent fusion; he therefore had
recourse to nitrate of barytes. Six parts of this salt were
mixed with one part of the undecomposed residue. By four
successive operatioDs, the residue was reduced to t~1Jth part of
the original quantity of chrysoberyl employed.

This matter was Dot acted on by alkalies or· acids, when
used separately, but after having been previously calcined with
caustic potash, it readily dissolved in muriatic acid, yielding a
80lution of a pale yellow colour, which gave a reddish precipi­
tate with infusion of galls, a deep green precipitate with
8ulphohydrate of potash, and a white precipitate with alkalies.
From these properties he cQnsidered it as titanic acid.-

EXAMPLE VII.

Analysis ofRed TouJ~in, or Rubellite.
The cODstituents of this mineral are, boracic acid, silica,

alumina, protoxide of iron, protoxide of manganese, lime,
potash, lithia, and water. It is therefore a very complex
substance. But the method of separating all the constituents,
except the boracic acid and the lithia, has been given in the
preceding examples.

1. The method employed by M. C. G. Gmelin to estimate
the boracic acid, is the 'following :-The tourmalin reduced to
a fine powder, is mixed with carbonate of barytes in the
requisite quantity, and exposed in a platinum crucible to a

• Silliman', Jour., ,iii. \06.
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strong red heat for an hour and a halt The matter thus
treated, is dissol\red in muriatic acid, and the acid SOIUtiOD

evaporated to dryness in a gentle heat. If. the evaporation
be conducted on the water bath, the portion of boracic acid
which is driven off is quite incoDsiderable. From ~ dry
residue, the silica is to be separated in the usual way. .

The residual liquid is to be precipitated by carbonate of
ammonia, separated by the filter from the precipitated matter,
evaporated to dryness, and the residual salt heated to incipient
redness. No boracic acid can be driven oft' by this treatment,
because that acid is in combination with ammonia, and beeauIe,
during the heating no acid vapour escapes, as happens when
sulphate of ammonia is treated in the same manner. The
weight of the residue, after ign~tion, is to be carefully deter­
mined. It is then to be drenched with alcohol containing a
little muriatic acid, and the alcohol is to be set on fire. This
operation is to be repeated as long as the alcoholic Same
shows the least tinge of green. · In this way all the boracie
acid which existed in the salt, under the form of borate of
ammonia, is driven oft'. The residue is ignited again aud
weighed. The difference between the weight before and
after the burning of the alcohol, gives the weight of the bor­
acic acid thus given off.·

.A better mode of determining the quantity of boracic acid
in such a residue, would be to mix it with the requisite quan­
tity of Suor spar and sulphuric acid, and then to raise the
temperature gradually to ignition. The boracic acid would
be driven off in the state of fluoboric gas, and the 1088 of
weight would indicate its quantity. The amount of the
sulphate of lime from the fluor spar could easily be estimated.
The difficulty would be to determine the quantity of sulphuric
acid which had united with the other ingredients in the mat­
ter under examination. But it might be determined by dis­
solving that residue (except the sulphate of lime) in muriatic
acid, throwing down the sulphuric acid by muriate of barytes,
and determining its quantity from the weight of the sulphate
of barytes. Every 14-5 grains of sulphate indicating 5 grains
of sulphuric acid. .

Dr. Turner, some years ago, pointed out a very easy
method of discovering the presence of boracic acid in mine­
rals by means of the blowpipe. Mix the assay in powder

• Poggendo~- .
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with a flux composed of one part of pulverized fluor spar and
four and a half parts of bisulphate of potash. The mixture
moistened with a little water is attached to the extremity of a
platinum wire, and exposed to the apex of the inner plane.
Shortly after the fusion there appears a green colour round
the flame, which soon disappears however, and is Dot again
seen.-

The mode of separating lithia practised by C. G. Gmelin
has been given in a former part of this work, and need not be
iepeated here.

When no other alkali but lithia exists in a mineral, the
lithia may be obtained in the state of a sulphate by fusing the
mineral with carbonate of barytes, separating the silica and
the barytes in the way already explained: precipitating all the
earthy matter from the residual liquid, filtrating, evaporating
to dryness, and exposing the residual salt to heat to drive oft'
the ammoniacal salts. The residual salt being mixed with
sulphate of ammonia and ignited, nothing remains but sulphate
of lithia.

When a mineral contains only a small quantity of lithia
mixed with potash, or soda, or both together, Berzelius has
proposed the following method of separating the lithia:-To
the solution containing these alkalies add some phosphoric
acid, and also a quantity of phosphate of soda, and then eva­
porate the whole to dryness. When the concentration has
advanced to a certain point, the liquid becomes muddy, aDd
when the dry residue is dissolved in water a white powder
remains. I t is the lithia-phosphate of soda. It is insoluble
in a strong solution of phosphate of soda. Let it be collected
in a filter, and washed with a little cold water. Dry this salt,
expose it to a red heat, and weigh it. Every 100 grains of
it are equivalent to 11·S6 grains of lithia. The soda con­
tained in it is equivalent to 27·12 per cent.· This method •
will not succeed for 8 very obvious reason, if the solution
contains any base whatever besides the alkalies. From phos­
phates of lime or magnesia, it may be distinguished by the
blowpipe. If we mix it with carbonate of soda, and fuse it
on platinum foil, it forms a transparent mass, which on cooling
becomes opaque, whereas the earthy salts do not fuse at all.

• Poggendorft". Annalen, vi. 490.

11.
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EXAMPLE VII I.

AfIlJlym ofZircon.
When this mineral is pure it contains nothing but .ili.

and zirconia. It is very difficult to decompose it 80 as to
render it soluble in muriatic acid. I have succeeded by
means of carbonate of soda, but the process is difficult, and
requires too many repetitions to be advisable. The objection
to the caustic alkaline hydrates is the ease with which they
melt when heated. The consequence is, that when the
crucible containing the mixture is put into the fire t its cop­
tents speedily fuse, boil, sputter up, and a portion is very apt
to be lost. We succeed pretty well in preventing any such
1088 by covering the crucible with a close lid. But in that
case it should be so small that the whole crucible, lid and al~

may be exposed to a strong heat, otherwise a portion of the
zircon escapes decomposition.

Berzelius adopted the following method, which is easy of
execution :-rt-lix the zircov powder with thrice its weight of
carbonate of soda, putting it in so that a hollow portion
remains in the central part. Expose it for a quarter of an
hour to incipient ignition, taking care not to fuse the mixture.
Then put a quantity of hydrate of soda equal to the weight
of the zircon into the central hollow, replace the crucible in
the fire, and heat it slo\vly. The hydrate as it fuses is ab­
sorbed by the mixture. 'fhe consequence is, that it gives
out its water slowly, and \vithout sputtering. Raise the
temperature to a white heat, and keep the mixture in that
heat for half an hour. The fused mass is colourless if the
zircon \vas pure, and the crucible when the process is con­
ducted in this way is not acted upon.·

The \vhole is now dissolved in muriatic acid, and the 801u­
tion treated as before described, in order to separate and
obtain the silica. l'he liquid thus freed from silica is neutra­
lized, and the zirconia thrown down by ammonia. It is
washed, dried, ignited, and weighed. .

Should the zircon contain iron, as is often the case, it is
exceedingly difficult to free the zirconia completely from all
admixture of that metal.

The characters of zirconia, by which it may be distinguished
from other bodies, are as follows :-

• Kong. Vet. Acad. Handl. 1824, p. 307.
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(1.) When precipitated from a solution, washed, and dried
without the application of artificial heat, it is a pale yellow
horny-looking matter, which dissolves readily in muriatic
acid. . When this hydrate of zirconia is ignited it glows at
the moment of ignition, becomes white and insoluble in acids,
with the exception of the concentrated sulphuric in which it
dissolves by slow digestion. When the solution of zirconia
in muriatic acid is concentrated, it shoots into needle-form
crystals.

(2.) The solution of these crystals in water is colourless.
It has an astringent and disagreeable taste.

(3.) Potash throws down a bulky white precipitate, which
is not re-dissolved by adding the potash in excess. Soda and
ammonia behave in the same way.

(4.) A solution of carbonate of potash throws down a bulky.
white precipitate, which is slightly soluble in a great excess
of the carbonate. Carbonate of soda and the bicarbonates of
potash and soda act in precisely the same way. So does car­
bonate of ammonia, only that the zirconia is more soluble in
an excess of that carbonate than of carbonate of potash or
soda.

(5.) Phosphate of soda throws down a bulky white preci­
pitate.

(6.) Oxalic acid throws down a bulky precipitate, which is
soluble in a great excess of muriatic acid.

(7.) A concentrated solution of sulphate of potash throws
down, after a short interval, a white precipitate, which is
soluble in a large quantity of muriatic acid. When this pre­
cipitate is produced in a warm solution, -it is nearly insoluble
in water and acids.

(8.) Prussiate of potash throws down a white precipitate.
(9.) Sulphohydrate of ammonia throws down the zirconia,

but sulphuretted hydrogen gas occasions no precipitate.
(10.) The salts of zirconia are decomposed by ignition.

They all redden litmus paper.
The blowpipe does not enable us to distinguish zirconia

from other earthy bodies.

EXAMPLE IX.

Analysis of Tlwrite.

Thorina, when pure, is colourless, and after ignition is
sol uble in no other acid but the sulphuric, di\u~~~\~\~ ~~~



436 METHOD OF DETERl\IINING THE WEIGHT OF

weight of water. Even heating it with caustic fixed alblies,
or their carbonates, does not render it soluble in mariatic or
nitric acid, as is the case with all the other earths, which
become insoluble by ignition. l'bese acids merely remoye
from thorina the foreign bodies with which it may be mixed.
The hydrate of thorina dissolves readily in these acids while
moist, but after it has been dried the solution takes place
much more slowly.

Wben potash is dropt into a solution of thorina in an acid,
a gelatinous precipitate falls, which is insoluble in an excess of
the precipitant.

Carbonate of potash and ammonia also occasion a precipi­
tate, which is re-dissolved in an excess of the precipitant. If
the carbonate of potash be concentrated, the solution is effected
very rapidly, but more slowly if it be dilute.

Plwsphate of 80da throws down a white ftocky precipitate,
insoluble in an excess of phosphoric acid.

Oxalic acid throws down a white heavy precipitate, insolu­
ble in an excess of the acid.

Sulp/late qf potash occasions no change at first, but if it be
concentrated and added in sufficient quantity, it gradually
throws down the whole of the thorina.

Prussiate qfpotash throws down a white heavy precipitate,
soluble in acids. Of course no precipitate appears unless the
liquid be nearly neutral

Sulphuretted hydrogen occasions no change, but sulpho­
hydrate of ammonia throws down thorina.

Thorite cOllsists essentially of silica, thorina, and water,
but it contains also lime, peroxide of iron, oxide of manga­
nese, peroxide of uranium, and minute quantities of magnes~
oxide of lead, oxide of tin, potash, soda, and alumina. I t was
analyzed by Berzelius in the following manner :-

1. 1'he portion to be analyzed was ignited in a small retort
to which a glass tube, containing chloride of calcium, was
luted. The water was retained by the chloride of calcium,
while a minute quantity of fiuosilicic acid made its escape.

2. Tbe portion thus treated was afterwards heated to igni­
tion in a glass bulb, through which a current of hydrogen gas
passed. The colour was changed from brownish-red to grey,
water was evolved, and the mineral lost a certain portion of
its weight.

3. The mineral thus treated was reduced to a fine powder,
and digested with muriatic acid. The colour became yellow,
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and a weak smell of chlorine was given out. Heat being
applied, the smell of chlorine became stronger, and the whole
was converted into a jelly. Being dried in the water bath,
and afterwards digested in water acidulated with muriatic
acid, it left a quantity of silica which was estimated in the
usual manner.

4. The liquid ,thus freed from silica was mixed with caustic
ammonia, and the precipitat~ well washed with boiling water.
The filtered liquid was mixed with oxalic acid, and heated till
the liquid at first muddy became clear. The oxalate of lime
thus separated was ignited, and the lime estimated from it in
the usual way. It contained mixed with it some manganese.
To separate it the carbonate of lime was dissolved in muriatic
acid. The solution was first mixed with bromine water, and
then in a close flask with very dilute caustic ammonia till the
acid was rather more than saturated. In twenty-four hours it
had deposited a small quantity of yellow matter, which was
oxide of manganese.

5. l'lhe liquid, freed from lime and manganese by oxalic
acid, was evaporated to dryness, the ammoniacal salt was
driven off by heat, and the residue being digested in water,
l~ft a little magnesia, Dot quite free from oxide of manganese.

6. The residual liquid being evaporated to dryness left a
small quantity of chloride of potassium and chloride of sodium,
which were separated from each other by chloride of platinum.

7. The precipitate obtained in paragraph 4, became dark
coloured during the washing, on account of the oxide of man­
ganese which it contained. It was dissolved while still moist
in muriatic acid. A current of sulphuretted hydrogen was
passed through the solution, which threw down a black preci-

-pitate. This precipitate was well washed, and then digested
in sulphohydrate of ammonia which dissolved a little sulphuret
of tin, too inconsiderable to be weighed. The remainder was
treated with nitric acid till it was fully oxydized, a little sul­
phuric acid was then added, and the matter was heated till the
excess of sulphuric acid was driven off. Water dissolved a
metallic salt, from which ammonia threw down white flocks,
\vhich when examined by the blowpipe appeared to be oxide
of tin.

8. The liquid which had been treated with 8ulphuretted
)lydrogen was evaporated to dryness in a gentle heat. It
gelatinized, and left when dissolved in water a little siliea,

9. The soJution was mixed with an e1c.~%% a\ ~~~~~
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alkali, which threw down a precipitate, but retained a small
quantity of alumio& io solution.

10. The precipitate dissolved readily in dilute muriatic
acid; leaving a little oxide of manganese. It contained a traee
of oxide of iron and of alumina.

1]. The muriatic solution was neutralized by caustic am­
monia, and concentrated by evaporation. After this sulphate
of potash was added to it as long as it would dissolve it. A
fine white precipitate fell, which was collected OD a filter and
washed with a saturated 8OlutioD of sulphate of potash. It
was then dissolved in boiling water, and precipitated by CIJII­

tic potash. The precipitate was white, and did not acquire a
yellow colour while drying, showing the abseoce of cerium.
It was thorina, mixed with a very minute quantity of oxide
of manganese, as was shown by heating it on platinum foil
mixed with carbonate of soda.

12. The liquid which had been precipitated by sulphate of
potash, was now precipitated by caustic potash. The precipi­
tate was well washed, and then digested in carbonate of am­
monia.

13. The matter insoluble in carbonate of ammonia WI8

ignited and weighed. It was then dissolved in muriatic acid,
and by means of succinate of ammonia, was decomposed into
peroxide of iron and red oxide of manganese.

14. The solution in carbonate of amlnonia was evaporated
to dryness. The residue was digested in dilute acetic acid.
This acid assumed a yellow colour, and caustic ammonia threw
do\vn a beautiful yellow precipitate, which became dark green
by ig-uition, and was oxide of uranium.

15. l'he matter undissolved by the acetic acid, was yellow­
ish grey. It gave a colourless soJution in muriatic acid. The
solution \vas mixed with tartaric acid and then with ammonia,
without any precipitate appearing. Sulpburetted hydrogen
threw down a minute quantity of sulphuret of iron.

16. ''!'he residue was evaporated to dryness in a weighed
platinum crucible. The ammoniacal salts were driven off
and the tartaric acid burnt. A small quantity of yellowish
matter remained, which contained no yttria or titanic acid,
but was thorina, mixed with some oxide of manganese.-

.. Kong. Vet. Acad. Mandl., 1829. p.3.
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BOOK II.

OF THE ANALYSIS OF METALLIC ORES.

IN the preceding book I have explain~ the methods of
separating from each other the constituents of the first twelve
genera of the second class of minerals, described in the first
part of this work. The metallic ores, though they do Dot
constitute 80 numerous, yet form a more difficult class;
because the analyses of the different sorts being conducted
upon different principles, will require a greater variety of
illustrations before the young analyst can be made acquainted
with the method of proceeding in the different cases which
may present themselves to him. It will be the simplest mode
of proceeding, to divide these ores into different groups,
classing together those which bear the greatest resemblance to
each other in the mode of analyzing them. Perhaps the ores
may, witbout impropriety, be arranged (so far as their analy­
sis is concerned) under the ten following beads:-

1. Alloys, 6. Iodides,
2. Seleniets, 7. Sulphurets and sulphur salts,
3. Tellurets, 8.. Oxides,
4. .Arseniets, 9. Chlorides,
5. Antimoniets, 10. Salts.
We shall treat of the methods of analyzing these different

groups, in the ten following chapters.

CHAP I.

l\IETHOD OF ANALYZING METALLIC ALLOYS.

THERE are twelve metals which occur in the mineral king­
dom, either pure or only alloyed with other metals. These
are iron, lead, bismuth, copper, mercury, silver, palladium,
gold, platinum, iridium, titanium, arsenic, and antimony.

Sect. 1. Iron.
There are two species of minerals in which this metal

occurs, either pure or merely alloyed. with small quantities of
other metals. 'fhese are, native iron and meteoric ;'TOO.
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Iron in the metallic &tate, has a light grey colour with the
metallic lostre, and is easily recognised by the effect which it
produces upon the magnetic needle. It is hard and mallea­
ble; when cold, difficultly 80, but when heated red hot it is
very malleable, and can readily be hammered into any shape.
When kept in a moist place, or when exposed to acid fumes,
even in a dry place, it speedily rusts. When kept red hot
in the open air, it is gradually converted into a red powder,
distinguished by the name of peroxide of iron.

It dissolves with great facility in dilute sulphuric or muria­
tic acid, with the evolution o.f hydrogen gas. The saturated
solution has a light green colour, an astringent taste, similar
to that of ink, and when sufficiently concentrated, forms fine
light green crystals.

In nitric acid, iron dissolves rapidly, and the solution
888umes a dark reddish brown colour, in consequence of the
nitrous gas evolved being absorbed by the acid.

Iron forms two oxides by combining with oxygen, the pro­
tozide is a dark blue, and forms green-coloured solutions in
acids; the peroxide is a fine red, and forms reddish or yellow­
ish-brown solutions in acids. It will be proper to point out
the action of re-agents upon solutions of each of these oxides,
in 8ulphuric or muriatic acid.

1. Protoxide of Iron.
The solution, as has been already stated, is green, and has

an astringent and inky taste.
(1.) Potash throws down a bulky precipitate in Hocks. It

is at first white, then becomes grey, and in an instant or two
green; and this green colour deepens as the precipitate sub­
sides to the bottom. If we attempt to dry it on a filter, it
becomes yellow, and at last reddish-brown, by absorbing
oxygen from the atmosphere. An excess of potash does not
re-dissolve this precipitate. Soda acts precisely as potash does.

(2.) Ammonia produces the same effect as potash, when
poured into a neutral solution of protoxide of iron in sulphuric
or muriatic acid. But if the muriatic solution contains an
excess of acid, or if we mix some sal ammoniac with it, then
ammonia either throws down no precipitate, or precipitates
imperfectly. By degrees, however, a small green precipitate
falls, if the liquid be exposed to the air, and this precipitate
becomes gradually reddish-brown, like that thrown down by
potash or soda.
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(3.) Carbonate of potash or soda, throws down a white
precipitate without any effervescence ensuing from the evolu­
tion of carbonic acid gas. Sal ammoniac dissolves this pre­
cipitate, but on exposure to the air, a small greenish deposit
appears and changes to reddish-brown.

Carbonate of ammonia produces the same precipitate, but
more slowly.

The bicarbonates of these alkalies throw down the same
precipitate, but an effervescence takes place at the same time
from the escape of one-half of the carbonic acid in the state
of gas.

(4.) Phosphate of soda throws down a white precipitate
from a neutral solution of protoxide of iron, which after being
sometime exposed to the air becomes green.
. (5.) Oxalic acid, or binoxalate of potash, strikes a yellow
colour when poured into a solution of protoxide of iron, and
after some time a yellow precipitate falls, which is oxalate of
iron. This precipitate is re-dissolved by tbe addition of
muriatic acid. The oxalate of ammonia produces a similar
precipitate.

(6. ) Prussiate of potash throws down a precipitate, at first
white, but instantly assuming a light blue colour, which gra­
dually acquires a deeper shade in proportion as it absorbs
oxygen from the atmosphere.

(7.) The infusion, or tincture of nutgalls, strikes a deep
blue with the solutions of iron, so deep indeed, that it appears
to the eye black, and constitutes common writing ink.

(8.) Sulphuretted hydrogen occasions no precipitate, but
sulphohydrate of ammonia throws down a black precipitate.
When this precipitate is exposed to the air, it becomes red­
dish-brown.- No excess of sulphohydrate of ammonia re-dis­
solves this precipitate.

(9.) The salts of protoxide of iron redden litmus paper.
(10.) The salts of protoxide of iron which do not dissolve

in water, almost all dissolve in muriatic acid, and are again
yrecipitated by ammonia.

/ I ( 11. ) In general we may detect the salts of protoxide of iron
by the blowpipe. When fused with borax or biphosphate of
soda, by the outer flame, a deep red bead is obtained, the

• This enables us to distinguish iron from nickel and cobalt. The pre­
Icipitatc from tbese two last metals, by sulphohydrate of ammon~~\\\'"'~,

black in the air.:
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colour of which becomes much lighter 00 cooling. When the
bead is fused in the ioterior flame, a green-eoloured bead is
obtained, which colour disappears altogether when the glall
cools, unlea the proportion of iron be too great.

2. Perozide of Iron.
The peroxide when pure, has a reddish-brown colour. It

dissolves with facility in acids before it has been exposed to a
red heat, but after ignition the solution takes place slowly.
By far the best solvent of this oxide is muriatic acid.

(1.) Potash throws do\vn a reddish-brown precipitate froID
the solution of peroxide of iron in acids. No excess of potash
re-dissolves this precipitate.

Soda and ammonia produce the same effect.
(2. ) The alkaline carbonates and bicarbonates, throw down

a similar precipitate, but of a rather lighter colour.
(3.) Phosphate of soda throws down a white precipitate.

If ammonia be added, the precipitate becomes brown, and
after some time it totally disappears.

(4.) Oxalic acid occasions no precipitate in neutral solu­
tions of peroxide of iron, but the liquid assumes a yellow
colour.

(5.) Prussiate of potash throws down a very deep blue
precipitnte, which is insoluble in muriatic acid.

(6.) Sulphuretted hydrogen renders a neutral solution of
peroxide of iron milky. Sulphur is precipitated, and the iron
is reduced to the state of protoxide.

(7.) Sulphohydrate of ammonia tbrows down a black pre­
cipitate, insoluble in an excess of the re-agent. When this
precipitate is exposed to the air, it becomes reddish-brown.

(8.) The salts of peroxide of iron, which are insoluble in
water, dissolve in muriatic and dilute sulphuric acid, and are
again thrown down from these solutions by ammonia.

(9.) The salts of peroxide of iron exhibit the same pheno­
mena before the blowpipe, as those of protoxide.

Native iron was analyzed by Klaproth, and found to contain
some lead and copper, with a trace of sulphur. It may be
analyzed in the following manner :-

1. Dissolve 100 grains of it in muriatic acid. The solution
should be effected in a small tubulated retort, from the beak
of which there passes a glass tube, bent so as to pass to the
bottom of a glass jar, containing a weak solution of nitrate of
lead. Along \vith t\lC \\~(\t()gel\ ~~ ~~()\~~d") ~(\1\%e6 the 8ul-
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phur of the iron, in the state of sulphuretted hydrogen gas.
It is decomposed by the oxide of lead, the oxygen of that
oxide uniting with the hydrogen of the sulphuretted hydro­
gen, and forming water, while the sulphur and lead combine
to form 8ulphuret of lead, composed of

Lead, 13
Sulphur, 2

15
So that every 15 grains of it contain 2 grains of sulphur.
Collect the sulphuret of lead, wash, dry, ignite it, and weigh.
From the weight of it we easily deduce that of the sulphur,

which is -; of the sulphuret.
7g .

2. Concentrate the muriatic acid solution, and set it aside
for some time, the chloride of lead will be deposited in white
silky needles, which may be separated, washed, fused, and
weighed. It is composed of

Lead, 13
Chlorine, 4·5

17·5
Hence the lead is 0·743 of the weight of the fused chloride.
S. Add a little nitric acid to the liquid thus freed from lead,

and digest to peroxidize the iron. Concentrate, neutralize by
ammonia, and throw down the iron by benzoate of ammonia.
From the precipitate the quantity of iron is to be deduced in
the way formerly explained.

4. Pour caustic potash into the solution thus freed from iron
and lead; the copper is thrown down in the state of black
oxide. Let it be washed, dried, ignited, and weighed. Four­
fifths of its weight constitute the quantity of copper in the
mineral analyzed.

Meteoric iron is distinguished from native iron by containiog
nickel, which appears to exist in a great variety of proportions.
It may be analyzed in the following manner:-

1. Dissolve the meteoric iron in nitri~ acid. Concentrate
the solution to make it as neutral as possible, dilute it with
water, add sal ammoniac in sufficient quantity to form a double
salt with the oxide of nickel; then throw down the iron by
ammonia. Collect the precipitate on a filter, wash it, dry it,
and ignite. It is peroxide of iron, every:> grains of which is
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equivalent to 3·5 grains of iron, or the iron constitutes 11fths
of the oxide.

2. Pour caustic potash into the liquid freed from iron, to
precipitate the oxide of nickel. Should the nickel Dot be
easily thrown down from the double salt, the liquid may be
evaporated to dryness, and the ammoniacal salts driven off;
then the residue must be dissolved in muriatic acid, and the
oxide of nickel thrown down by caustic potash or soda. This
oxide after ignition weighs 4·25, while the weight of the
metallic nickel is 3·25. Hence tJths, or 0·765 of the oxide
of nickel obtained is metallic nickel.

Sect. 2. Titanium.
It can scarcely be said that this mineral occurs native in the

metallic state, but it was found at Merthyr Tydvil, at the
bottom of the furnace in which iron had been long smelted, in
fine metallic cubes; and I have a specimen of iron found in
the same position at Muirkirk, in which a great deal of
metallic titanium also occurs in small cubes. It has been
observed also in a similar situation in other iron smelting
houses. .It is proper, therefore, that the young analyst should
be aware of the mode of examining it.

Titanium is a fine red metal nearly of the colour of copper.
It is brittle, and very hard, and crystallizes in cubes. It
combines with two proportions of oxygen, and forms oxide of
titanium, which is blue, and titanic acid, which is white. It
is in the state of titanic acid that it is always obtained after
solution.

In the metallic state titanium is scarcely soluble in acids;
but wben heated with caustic potash or soda it is readily oxi­
dized, and converted into titanic acid.

(1.) Titanic acid, when precipitated from its solution in
muriatic acid by an alkali, washed, and ignited, forms smaIl
lumps of a light brown colour, and a great deal of lustre.
When the colour is reddish, the titanic acid contains some iron.
When titanic acid is heated to redness it becomes lemon yellow,
but loses this colour on cooling, and becomes ",hite.

(2.) Titanic acid after ignition is insoluble in all acids.
When in this state, if we mix it with carbonate of potash or
soda, and heat the mixture to redness, the carbonic acid is
driven off, and the titanic acid unites with the alkali. When
such a mixture is fused, it assumes a crystallized form. Water
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dissolves the excess of the alkali, and leaves a supertitaniate of
potash, insoluble in that liquid; but it dissolves in muriatic
acid when assisted by a gentle heat. If we dilute the solution
with water and boil it, the greatest part of the titanic acid falls
down in the state of a white precipitate. If we throw the
whole upon the filter, and attempt to wash the titanic acid, the
liquid passes through transparent and colourless as long as it
is acid, but as soon as the water becomes nearly pure it passes
through the paper quite milky, so that by degrees all the
titanic acid is washed away.

When titanic acid is precipitated from its solution in muriatic
acid by boiling, it is very little soluble in acids; but if it be
precipitated by an alkali, it may be washed in the filter, and
dissolves completely in acids.

(3.) When' potash, soda, or ammonia, or the carbonates or
bicarbonates of these alkalies are dropt into a solution of
titanic acid in muriatic acid, a white bulky precipitate falls,
which does not dissolve on the addition of an excess of the
precipitating medium; but if we add an excess of muriatic

. acid, the precipitate is again redissolved. The alkaline car­
bonates dissolve a very little of the precipitated titanic acid;
but the quantity is so small that we cannot employ them to
separate titanic acid from other bodies with which it may be
mixed. '

(4.) ""hen the muriatic acid solution of titanic acid does
not contain too much acid, as, for example, when it is added
in such quantity 88 not to dissolve the whole of the titaniate
of potash exposed to its action, if we drop into the solution
dilute sulphuric acid, arsenic acid, phosphoric acid, tartaric
acid, and especially oxalic acid, a white precipitate falls. This
precipitate is again dissolved if we add an excess of the preci­
pitating acid, or of muriatic acid. The oxalic acid precipitate,
however, requires the addition of a little muriatic acid before
it is completely redissolved.

Nitric acid, acetic acid, and succinic acid occasion no preci­
pitate when they are employed.

(5.) When the muriatic acid solution contains as little
excess of acid as pouible, the tincture of nutgalls throws down
an o~ange-red precipitate.- If titanic acid thrown down by
boiling be mixed with the tincture of nutgalls, it also strikes
an orange-red or brownish-yellow colour.

• PlUSliate of potash gives a similu precipitate, as far as colour is con­
cerned.
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(6.) Sulphuretted hydrogen throws doWD DO precipitate En.
the muriatic acid solution of titanic acid.

Sulphohydrate of ammonia, added in excess, duo.. dcnra •
white precipitate, while sulphuretted h)ydrogen gas is .....
gaged. If the solution contain even a trace of iron, the preci­
pitate is grey or black.

(7.) H a zinc rod is put into a solution of titanic'" ia
muriatic acid the liquid assumes a blue colour, and eontiB_
for some time clear, while at the same time hydrogeD pi
is evolved in consequence of the action of the free acid .,.
the zinc. By degrees a blue precipitate falls, which at lilt
818umes a white colour. If we take out the zinc while 1M
bloe-coloured liquid remains transparent, and pour into it.
excess of potash or ammonia, a blue precipitate falls, ,,·hiS
gradually assumes a white colour, while at the same tale
hydrogen gas is evolved. When titanic acid thrown down by
boiling is placed in contact with zinc, it assumes also a bl.
colour. If the quantity of titanic acid in the solutioD be Yerf
small, no blue colour appears. Iron and tin produce the ...
phenomena as zinc.

(8.) 1"he compounds of titanic acid with bases are all, 80 &r
as is known, soluble in concentrated muriatic acid, even after
having been exposed to a red heat. The solution is hasteued
by the application of heat; but ,,"e must take care Dot to apply
too much, for if we throw down the titanic acid by heat; it
becomes insoluble in muriatic acid.

(9.) The appearances which characterize titanic acid before
the blowpipe have been already described in a former part of
tb is treatise.·

M. H. Rose has shown that the old method of precipitating
titanic acid from its solutions by boiling does not give good
analytical results. The best method is to tbrow it down by
ammonia, taking care to use as small an excess of ammonia ­
possible. The difficulties attending the separation of titanic
acid from other substances are so great, that chemists are Dot
able at present to overcome them completely. The following
observations, chiefly deduced from the researches of Rose, are
all that I can offer:-

From the oxides of tin, mercury, silver, copper, bismuth,
lead, and cadmium, titanic acid is readily separated by dis­
solving the mixture in muriatic acid, and passing a current of

• See page 376.
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sulphuretted hydrogen through the solution. The oxides are
thrown down in the state of 8ulphurets, while the titanic acid
remains in solution, and may be afterwards thrown down by
ammonia.

The oxides of cobalt, nickel, zinc, and manganese, which,
though not precipitated by sulphuretted hydrogen, are preci­
pitated by sulphohydrate of ammonia, may be separated from
titanic acid in the following way:-To the solution add a
considerable quantity of tartaric acid, and then supersaturate
with ammonia. The tartaric acid prevents any precipitate
from appearing. Add a quantity of sulphohydrate of ammonia;
the oxides precipitate, but the titanic acid remains in solution.
Evaporate the solution to dryness, and expose the residue to
a red heat in an open platinum crucible till every thing com­
bustible is destroyed. The residual matter is now pure titanic
acid. This process succeeds also when we wish to ~eparate

titanic acid from iron, with which it is frequently found in
combination.

No good method has yet been discovered of separating
titanic acid from zirconia, when they happen to be united, as
is sometimes the case.

When titanic acid occurs along with oxides of cerium and
yttria, we must dissolve the whole in sulphuric acid, and boil
the solution. The titanic acid falls down, while the other two
substances remain in solution. l'hey are to be separated from
each other by the processes already described.

From lime titanic acid is thrown down by ammonia; the
. solution must be filtered as much as possible in a covered

vessel, to prevent the lime from being thrown down during the
process in the state of a carbonate. From barytes and stron­
tian we easily separate titanic acid by throwing down the
former substances by means of sulphuric acid; ammonia pre­
cipitates the titanic acid from the fixed alkalies.

111 dissolving titanic acid, or the compounds of it, in muriatic
acid, the process is best conducted without applying heat; for
if we raise the temperature too high the titanic acid is preci­
pitated again, and the whole process stopped.

Sect. 3. Lead.
Lead has been found native in the mineral kingdom, though

only in small quantity. The characters of this me.~ are so
striking and so well known that it is easily recognised. It is
a soft, heavy, malleable metal, having a blui,h."\\\\2 ~\)\.\)U1:"
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and very soon tarnishing when exposed to the air. It diseolvel
readily in nitric acid. The solution is colourless, and readily
yields octahedral crystals, having a sweet and astringent taste.

Lead forms three oxides, but only one of these, the pro- ·
toxide, is soluble in acids. Hence it is the only one which
occurs when native lead is dissolved in acids.

(1.) Protoxide of lead has a yellow colour, or sometimes a
reddish-yellow. When heated to redness it melts readily, and
in a white heat in open vessels sensibly evaporates. It is
insoluble in water, but dissolves readily in nitric acid. ne
neutral solution of nitrate of lead has the following characters.

(2.) Potash or soda throws down a white precipitate, which
is re-dissolved in an excess of the precipitating substance.

(3.) Ammonia throws down a white precipitate not soluble
in an excess of the reagent.

(4.) The alkaline carbonates and bicarbonates throw down
white precipitates not re-dissolved by an excess of the reagent&.

(5.) Phosphate of soda throws down a white precipitate,
which is soluble in a solution of pure potash or soda.

(6.) Oxalic acid throws down a white precipitate.
(7.) Prussiate of potash throws down a white precipitate.
(8.) Sulphuretted hydrogen and 8ulphohydrate of ammonia

throw down a dark brown or black precipitate of sulphuret of
lead.

(9.) A rod of zinc tllrow8 down the lead in the metallic
state.

(10.) Sulphuric acid, or an alkaline sulphate, throws down
a white precipitate, insoluble in acids, but soluble in caustic
potash or soda. This last property enables us to distinguish
precipitated sulphate of lead from sulphate of barytes, suon­
tian, or lime.

(11.) Common salt, or any soluble chloride, occasions a
white silky precipitate in concentrated solutions of lead. This
precipitate is again dissolved by diluting the liquid with a
sufficient quantity of boiling water.

(12.) Hydriodate of potash, or any soluble hydriodate,
tllrows down a fine yellow-coloured precipitate, soluble in a
great excess of the hydriodate.

(13.) Chromate of potash throws down a fine yellow preci­
pitate, insoluble in dilute nitric acid, but soluble in pure
potash or soda.

(14.) Most of the insoluble salts of lead dissolve in nitric
acid, and sulphuric acid throws down a white precipitate from
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the solution. Sulphate of lead is not soluble in dilute nitric
acid; but if we moisten it with sulphohydrate of ammonia, it
becomes black, and when fused with carbonate of soda on
charcoal, a globule of metallic lead is obtained.

Native lead has never been analyzed. But I have repeat­
edly made experiments to determine the foreign metals con..
tained in metallic lead. The only metals found were iron,
copper, and silver; all in very minute quantity.

The iron was detected by dissolving 500 grains of lead in
nitric acid, evaporating the solution till the excess of acid.was
driven o~ and then precipitating the oxide of lead by sulphate
of ammonia. The residual liquid when tested by prussiate of
potash, sometimes indicated the presence of oxide of iron.
This I attempted to separate by means of benzoate of ammonia.
But in general the quantity from 500 grains of the lead was
too small to be weighed.

Copper is a much more frequent constituent of lead than
iron. After the lead has been thrown down from the nitric
solution by sulpbate of ammonia, if we concentrate the solu­
tion, and add a little ammonia, the presence of the copper is
indicated by the blue colour which the liquid assumes. The
copper may be thrown down by caustic potash, collected,
ignited, and weighed. Every 5 grains of it are equivalent
to 4 grains of metallic copper. I have found as much copper
88 0-1 grain in 500 grains of lead.

Silver exists in such minute quantity in lead, that I have
never been able to detect its presence by any other method
than cupellation. A pound of lead is usually taken and kept
at a red heat, in a muffle, on a test till the lead is all absorbed.
The silver remains, and may be easily weighed, if its quan­
tity be appreciable. But as the lead is usually deprived of its
silver by cupellation before it is exposed to sale, it is not sur­
prising that it seldom contains an appreciable quantity of that
metal.

Sect. 4. Bi,mutA.
Bismuth occurs in a native state, and indeed constitutes its

most common ore. It is requisite therefore that the young
analyst should be acquainted with the characters of this metal.

The only oxide of bismuth likely to come in the way of
the analyst is the yellow oxide, formed when nitrate of bismuth I

is exposed to a red heat.
(1.) This oxide dissolves in nitric acid, and forms a co)our­

leu solution, which when sufficiently can~~l\\Ta.\~~ ~~~,

11. 2 G
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crystals. When these crystals are put into water they undergo
decomposition; a supersalt is di880lved, while a subsalt remains
in the form of a white powder. An addition of nitric acid
dissolves the whole by converting it into a supersalt.

(2.) Potash or soda throws down a white precipitate in
solution of bismuth, which is not re-di880lved in an excess of
the potash.

(3.) Ammonia acts in the same way.
(4.) The alkaline carbonates and bicarbonates throw down

white precipitates, not dissolved in an excess of the precipi­
tant.

(5.) Phosphate of soda throws down a white precipitate.
(6. ) Oxalic acid occasions no change at first, but after some

time a crystalline precipitate falls.
(7.) Prussiate of potash throws down a white precipitate

not soluble in muriatic acid.
(8.) Sulphuretted hydrogen, or 8ulphohydrate of ammonia,

throws down a dark brown or black precipitate which is a
sulphuret of bismuth.

(9.) A rod of zinc precipitates bismuth in the metallic
state.

( 10.) Iodide of potassium throws down a brown precipitate,
easily soluble in an excess of the precipitant.

( 11.) Chromate of potash throws down a yellow precipitate,
soluble in dilute nitric acid.

(12.) Before the blowpipe on cbarcoal a salt of bismuth
mixed with carbonate of soda is easily reduced, and globules
of metallic bismuth are obtained. 1'hese are white and brittle,
breaking in pieces under the hammer, while globules of lead
or silver are flattened. The charcoal becomes coated with
yellow oxide of bismuth.

I am not aware that native bismuth has hitherto been 8ub­
jected to analysis. But the principal impurity in the bismuth
of commerce, which is merely native bismuth melted down,
is sulphur. Native bismuth contains almost always traces of
silver and arsenic. The mode of determining the 8ulphur
will be given in a subsequent chapter. The silver is easily
separated by the addition of a little muriatic acid. The silver
is thrown down in the state of chloride, every 18·25 grains of
wbich contain 13-75 grains of silver.

Arsenic is obtained when the bismuth is dissolved in nitric
acid, and the solution being first rendered alkaline by the
addition of ammonia is mixed with 8ulphohydrate of ammonia
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in excess. The whole is digested on the sandbath in a flask
with a cork. The bismuth is precipitated in the state of sul~

phuret, wbile the arsenic remains in solution. Separate the
sulphuret of bismuth by the filter, render the liquid that
passes through acid by means of muriatic acid, and digest in
a gentle heat till all smell of sulphuretted hydrogen is dissi­
pated. The sulphuret of arsenic precipitates. Let it be
collected OD a filter and weighed. The mode of determining
the quantity of arsenic which it contains will be given in a
subsequent chapter, when treating of the su)phurets.

The best precipitant of oxide of bismuth is carbonate of am­
monia. According to Liebig, carbonate of lime throws down
bismuth from a cold solution of the nitrate, but Dot lead. We
may employ this method of separating bismuth and lead.-

Sect. 5. Copper.
Native copper is a pretty common inhabitant of the mine­

ral kingdom, usually in crystals, strings, or plates. All the
specimens of it which I have examined were remarkably
pure.

Copper has a well known red colour, and is malleable. It
dissolves re~di1y in nitric acid, forming a fine blue solution,
yielding deliquescent crystals, which possess considerable
causticity. In sulphuric acid ~d muriatic acid it does not
dissolve, unless the s'olution be aided by the presence of nitric
acid. But the black oxide of copper dissolves readily both
in sulphuric and muriatic acid. 'fhe sulphuric solution is blue,
the muriatic green. The salts of copper however neutral
redden vegetable blues.

(1.) Potash or soda poured into a neutral solution of cop­
per in an acid throws down a bulky blue precipitate, which is
hydrated black oxide. When .this precipitate is boiled with
an excess of potash it becomes black, and quickly subsides.
But if the quantity of potash be insufficient to decompose the
salt completely, the precipitate is green, being a subsalt of
copper.

(2.) A little ammonia being added to a solution of copper,
a green precipitate falls, which speedily dissolves in an
excess of ammonia, and the solution assumes a blue colour.
This blue colour is much deeper than th$t produced by am­
monia in a solution of nickel, and is characterized besides by

• Ann. de Chim. et de Ph}•• 1\'\\\.~~.
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a shade of red which the nickel solution wants. If we boil
the. ammoniacal solution of copper with potash, a black preci­
pitate falls and the liquid becomes colourless.

. (3.) Carbonate of potash throws down a blue precipitate
which boiling renders black and dense. Bicarbonate of potash
throws down a green precipitate, easily dissolved by aD excess
of the precipitant. The solution then has a light blue colour.

(4. ) Carbonate of ammonia in small quantity throws down
a greenish white precipitate, which is re-dissolved by the
addition of more carbonate. The solution has the same blue
colour as that given by caustic ammonia, and when boiled
with potash a black dense precipitate falls.

(5.) Phosphate of soda throws down a greenish white
precipitate, which dissolves in ammonia, and forms a blue
liquid. Potash boiled with this solution throws down a heavy
black precipitate.

(6.) Oxalic acid throws down a greenish white precipitate.
(7.) Prussiate of potash throws down a reddish brown

precipitate insoluble in muriatic acid.
(8.) Sulphuretted hydrogen, or sulphohydrate of ammonia,

throws down a dark brown or black precipitate, which is
bisulphuret of copper. It is not soluble in an excess of the
8ulphohydrate.

(9.) A rod of zinc throws down copper in the metallic
state, 80 does a rod of iron.

( 10.) Iodide of potassium throws down a white precipitate.
It is re-dissolved in an excess of the precipitant.

(11.) Chromate of potasb throws down a reddish brown
precipitate, which dissolves in ammonia, forming an emerald
green solution. It dissolves also in dilute nitric acid.

(12.) The salts of copper are easily detected by the blow­
pipe. When fused with borax, or biphosphate of soda, they
communicate a fine green colour to the outer flame, and a
dirty brownish red to the interior flame. When fused with
carbonate of soda on charcoal, the copper is reduced to the
metallic state.

The best precipitant of copper when alone in a solution is
caustic potash or soda. It may be separated from iron by a
current of sulphuretted hydrogen, which throws down the
copper without acting on the iron.

Sect. 6. Mercury.
Mercury occurs occasion8.\\~ \1\ \n~ at\\\. \.~ t\.\.~ metallic
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state, in small drops scattered through the rock in which it is
found. It is usually pure. The presence of any foreign
metal would be detected by the mercurial drop wanting. its
usual fluidity, or dragging a tail, as it is called. In such
case the foreign body is easily obtained by distilling off the
mercury.

Mercury is 80 well characterized by its white colour and its
fluidity, that it cannot be confounded with any other metal
The best solvent of it is nitric acid. The solution is colour­
less, and crystallizes when sufficiently concentrated. This is
the solution of mercury usually formed. The action of re­
agents upon it is as follows:

(1.) Potash throws down a black precipitate, insoluble in
an excess of the reagent. Soda and ammonia act in the same
way.

(2.) Carbonate of potash throws down a dirty yellow pre­
cipitate, which boiling renders black. Bicarbonate of potash
throws down a white precipitate, which boiling renders black.

The action of carbonate of ammonia is nearly the same 88

that of carbonate of potash.
(8.) Phosphate of soda throws down a white precipitate.
(4.) Oxalic acid throws down a white precipitate.
(5. ) Prussiate of potash occasions a white gelatinous pre-

cipitate. .
(6. ) Sulphuretted hydrogen throws do\vn a black precipi­

tate. Sulphohydrate of ammonia throws down a black pre­
cipitate, insoluble in an excess of the precipitant, and also in
ammonia. It dissolves partially in a solution of pure potash,
leaving a black powder, which proves o~ e:tamination to be
running mercury. When the filtered alkaline solution is
supersaturated with an acid a black precipitate falls, which is
sulphuret of mercury.

(7.) Muriatic acid, or common salt, or any soluble chloride,
throws down a white precipitate.

(8. ) A bar of zinc or copper throws down the mercury in
the metallic state.

(9.) Iodide of potassium forms a greenish-yellow precipitate,
soluble in an excess of the precipitant.

(10.) Chromate of potash throws down a red precipitate. .
( 11.) If we mix a salt of mercury with carbonate of soda,

and heat the mixture to redness in a glass tube, shut at one
end, running mercury sublimes and coats the tube in the form



454 JdTHOD OF ANA'LYZING METALLIC ALLOYL

of a grey powder, which Ulumes the form of globule. when
rubbed with a glass rod.

The best way of determining the quantity of mercury iD
any salt is to reduce it to the metallic state. Suppose the
mercury to exist in solution in the state of suboxide. Pour
muriatic acid or sal ammoniac into the solution; the metal is
thrown down in the state of chloride. Put this chloride into
a ftask, pour upon it concentrated muriatic acid, and then add
a concentrated solution of chloride of tin, to which a sufficient
quantity of muriatic acid has been previously added to render
it perfectly clear. Boil the mixture for two or three minutel
and then cork it up; the mercury falls to the bottom in the
state of a black powder, which gradually forms larger globules.
When the tlask is cold pour off the liquid and wash the mer­
cury with water, acidulated with muriatic acid, till it is quite
clean. It must then be dried and weighed.

When the mercury is in the state of peroxide, if in combina­
tion with nitric acid, that acid must be destroyed by muriatic
acid, or if .it be in combination with any other acid, the salt
may be put into the flask and treated as above directed: the
resolt will be the same.

Sect. 7. Silver.
Native silver occurs very frequently in the mineral kingdom;

indeed a great proportion of the silver from the American
mines exists originally ill that state. Native silver is seldom
pure, it almost always contains copper, and sometimes antimony
or arsenic. Whatever be its constituents we must begin the
analysis by dissolving the native silver in nitric acid. The
solution, if the silver be pure, is colourless, crystallizes when
concentrated, and is very corrosive. The action of reagents
upon this solution is as follows :-
. (1.) Potash throws down a light brown precipitate, insolu­

ble in an excess of the precipitant, but soluble in ammonia.
(2.) Ammonia, when added in very small quantity, thro\\ys

down a brown precipitate, instantly dissolved by the addition
of more ammonia.

(3.) Carbonate of potash or soda throws down a white pre­
cipitate, soluble in ammonia. Bicarbonate of potash or soda
acts in the same way.

(4.) Carbonate of ammonia produces a white precipitate,
soluble in an excess of the carbonate.
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(5.) Phosphate of soda throws down a yellow precipitate,
soluble in caustic ammonia; but pyrophosphate of soda throws
down a white precipitate.

(6.) Oxalic acid throws down a white precipitate, soluble
in ammonia. .

(7.) Prussiate of potash throws down a white precipitate.
(8.) Sulphuretted hydrogen or sulphohydrate of ammonia

throws down a white precipitate.
(9.) Muriatic acid, or any chloride, throws down a heavy

white curdy precipitate, soluble in ammonia, but insoluble in
dilute acids.

(10.) Iodide of potassium throws down a white precipitate
with a shade of yellow. It dissolves in an excess of the pre­
cipitant, and very sparingly in ammonia.

( 11.) Chromate of potash throws down a dark reddish-brown
precipitate, soluble in dilute nuric acid, and in ammo~ia.

(12.) A bar of zinc throws down silver in the metallic state.
The sulphate of iron produces the same effect.

If the native silver' contain no other foreign metal bu'
copper, we may dissolve it in nitric acid, throw down the
silver by common salt, and afterwards the oxide of copper by
potash. From these precipitates the quantity of silver and
copper is determined, by the methods already explained.

When silver is alloyed with antimony or arsenic, the com­
pound is dissolved in nitric acid. The solution is put into a
tlask, nnd supersaturated with ammonia; then a quantity of
sulphohydrate of ammonia is poured in, the tlask is corked,
agitated, and left for some time. The a~timoDY or arsenic is
kept in solution, while the silver is precipitated in the state of
sulphuret. This sulphuret is to be washed, dried, and weighed.
It is composed of

Sulphur,
Silver,

So that 0·873 of the sulphuret is silver.
From the solution the 8ulphides of antimony and arsenic are

thrown down, in the way which will be immediately explained.
The 8ulphuret of antimony al\vays falls first, and the 8ulphuret
of arsenic last.

The sulphides of arsenic and antimony intimately mixed are
weighed, and then divided into two ncarly equal portions. One
portion is treated in a flask with fuming n\\t\c. a.~\~ Q.~au.()'-\.~.,
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added to acidify the sulphur, and muriatic acid is added to
render the 801ution complete. Tartaric acid is now added to
the solution, and the sulphuric acid precipitated by chloride of
barium, and its weight ascertained. This gives the weight of
the sulphur in the mixed sulphurets of antimony and arsenic
obtained.

The other half of these sulphurets is put into a glass bulb,

to which two glass tubes are soldered at opposite sides. A
current of dry hydrogen gas is made to pass throuffh the bulb,
being generated in a flask connected with the bulb by a glass
tube, in which a quantity of dry chloride of calcium is placed
to dry the gas. When the tube and bulb are filled with
hydrogen gas, heat is applied to the bulb, the sulphur and
arsenic are driven off, and nothing remains but the antimony,
which is to be weighed after the apparatus is cold. Knowing
the weight of the sulphur and antimony in the mixed sul­
phurets, it is easy to deduce the ,,"eight of the arsenic.

Sect. 8. Palladium.
Native palladium occurs mixed with the platina grains from

South America, and was first discovered and described by Dr.
Wollaston. It consists of palladium alloyed with a little pla­
tinum and iridium. The metal seems to occur in considerable
quantity in Brazil, though in w)lat state I have never learned;
but about twelve years ago large ingots of it were brought
from that country to London, where they were exposed for
sale.

The best solvent of palladium is aqua regia; the solution
has a deep reddish-brown colour, and an astringent taste. The
action of reagents on this solution, rendered as neutral as
possible, is as follows :-

(1.) Potash or soda tnloW6 dawn a. dee~ ~ello\\'ish.brown
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precipitate, insoluble in an excess of the precipitant, but solu­
ble in muriatic acid.

(2.) Ammonia throws down a reddish-white precipitate,
which gradually assumes a whiter colour. When heat is
applied, the whole dissolves, with the exception of a small
quantity of white matter.

(3.) Carbonate or bicarbonate of potash occasions DO preci­
pitate.

(4. ) Carbonate of soda throws down a brown precipitate,
but the solution retains a brown colour. Muriatic acid readily
dissolves the precipitate.

(5.) Carbonate ofammonia destroys the colour, but produces
no precipitate.

(6. ) Phosphate of soda throws down a brown precipitate;
the liquid continuing brown.

(7.) Oxalic acid throws down no precipitate.
(8.) Prussiate of potash occasions at first no precipitate, but

after a considerable interval a thick stiff jelly of a green colour
appears.

(9.) Cyanodide of mercury throws down a yellowish-white
gelatinous precipitate.

(10.) Nitrated suboxide of mercury throws down a greenish­
black precipitate.

(1 ].) Protochloride of tin throws down a dark brown preci­
pitate.

(12.) Sulphuretted hydrogen or sulphohydrate of ammonia
throws down a black precipitate.

(13.) A rod of zinc throws down a black powder.
It will be best to defer explaining the mode of separating

palladium from platinum and iridium till we come to speak of
platinum: the one description may serve for all.

Sect. 9. Gold.
This metal occurs most commonly in the metallic state, but

seldom or never pure. It is almost constantly alloyed with
silver, frequently with copper, and sometimes, though seldom,
with iron.

Gold has a well known yellow colour, is 80ft, very malleable,
and very heavy. It does not dissolve in sulphuric, nitric, nor
muriatic acid; the best solvent of it is aqua regia; the solution
is yellow and caustic. It consists of chloride of gold. ~~he

neutral chloride of gold is the only solution of that metal that
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eao be eonveoientJy obtained. It exhibits the followiag pheno­
mena with reagents:-

( I. ) Potash occasiooB no precipitate at fint, but by degree.
the liquid 8880mel a greenish tinge, and a small quantity of
black matter falls down.

(2.) Ammonia throws down a dirty yelloW' precipitate,
which is fulminating gold, and is re-dissolved by an excelS of
the ammonia.

(3.) Carbonate or bicarbonate of potash throws down no­
thing, but carbonate of ammonia throws down a yellow preci­
pitate.

(4.) Pho8phate of soda occasions 00 change.
(~.) Oxalic acid produces a greenish-black colour, OwiDg to

the separation of metallic gold, which gradually falls to the
bottom.

(6.) Prussiate of potash strikes an emerald green colour,
but occasions no precipitate.

(7.) Cyanodide of mercury throws down no precipitate,
unless the chloride of gold be mixed with alcohol, when a
Blight reddish-yellow matter may be thrown down.

(8.) Nitrated 8uboxide of mercury throws down a black
precipitate.

(9.) Sulphate of iron throws down a blue coloured precipi­
tate, which is metallic gold.

(10.) Protochloride of tin, in diluted solutions of gold, pro­
duces a purple red colour; in concentrated solutions it throws
down a dark purple precipitate.

( 11.) Iodide of potassium strikes a black colour, and a yel­
lowish-green precipitate falls.

( 12.) Sulphuretted hydrogen throws down a black, and
sulphohydrate of ammonia a dark brown precipitate.

(13.) A plate of zinc throws down the gold in the metallic
state.

An alloy of gold and silver is to be beaten out into a thin
plate, and digested in aqua regia. The gold is dissolved, but
the silver remains behind in the state of chloride. It is to be
separated, washed, dried, fused, and weighed. 18·25 grains of
this chloride are equivalent to 13·75 grain&- of silver.

The gold solution being mixed with nitrated suboxide of
mercury, the whole gold is precipitated, and the precipitate,
when dried and ignited, leaves metallic gold.

Should the alloy contain copper, it will remain in solution
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after the gold has been precipitated, and its presence will be
known by the green colour of the liquid. The copper may
be thrown down in the state of black oxide by potash. Should
a slight excess of nitrated suboxide of mercury remain in
solution, it will not injure the accuracy of the result, because
the red heat will dissipate the mercury and leave only the
oxide of copper. Every 5 grains of black oxide of copper
are equivalent to 4 grains of the metal.

If iron be present, it must be thrown down by benzoate of
ammonia befor,e precipitating the copper.

Sect. 10. Platinum.
This metal, like gold, has hitherto been found only in the

metallic state, in small grains, or in lumps, sometimes of very
considerable size. This native platinum is never pure. The
metal is always alloyed with iridium, rhodium, palladium, 0s­

mium, copper, and iron; and the separation of all these metals
from each other, is attended with very considerable difficulties.
It will be requisite, before attempting to explain the methods
which have been thought of for that purpose, to give the
characters by which platinum, rhodium, iridium, and osmium,
are distinguished, that the young analyst may be able to
recognise these metals when he meets them.

Platinum, like gold, can be dissolved only in aqua regia.
The solution is dark reddish-brown, and very astringent. It
is in this solution that the peculiarities of platinum are best
observed.

( 1.) Potash throws down a yellow precipitate, consisting of
potassium-ehloride of platinum. This precipitate is not sen­
sibly dissolved in acids, but when we add an excess of potash
and apply heat, a solution is effected. When the excess of
potash is saturated with muriatic acid, the precipitate again
appears.

(2.) Ammonia produces the same effect as potash. The
precipitate is not re-dissolved by acids, but it dissolves in an
excess of ammonia when the action is assisted by beat; and
when the excess of ammonia is saturated with muriatic acid, a
white precipitate appears.

(3.) Carbonate of potash throws down the same precipitat~,

which is not re-dissolved by an excess of the precipitant.
Bicarbonate of potash and carbonate of ammonia, act precisely
in the same way.

(4.) Carbonate of soda occasions no \'tec,i~ita~.
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(5.) Phosphate of soda throws down DO precipitate.
(6. ) Oxalic acid ocaasiODS DO sensible change.
(;.) Prussiate of potash throws down a yellow precipitate,

and the liquid assumes a deeper colour.
(8.) C~·anodideof mercury throws down nothing.
(9.) Kitrated suboxide of mercury throws down an abuoe

dant yellowish-brown precipitate.
( 10.) Sulphate of iron throws down DOthing.
( II.) Iodide of pota88ium gives the liquid a deep brownish­

red colour, and occasions a lighter coloured brown precipitate.
When heat is applied, the glass acquires a metallic coating.

( 12.) Protoehloride of tin gives the liquid a deep brownish­
red colour, but precipitates Dothing.

(13.) Sulphuretted h)"drogen renders the liquid brown, and
byd~ a brown precipitate falls, which at last becomes
black. Sulphoh)·drate of ammonia produces the same effect,
but the precipitate re-dissolves in an excess of the 8ulpho­
h,.drate.

• (l-L) _~ plate of &iDc throws down a black powder.
\ 15.. \ ""heD a red heat is applied to the chloride of pia­

tioum,. lh~ chlorine is dri¥en o~ and metallic platinum remains
i. gtains or in a spongy state.

B/wdium.
Rhodium is a white metal, of so difficult fusion, that hither­

to it bas been obtained only in grains. In the metallic state
it is insoluble in all acids, and even in aqua regia. But when
in combination with another metal, as platinum, aqua regia is
capable of dissolving it. When fused with bisulphuret of
potaHHium it is oxidized, and may be dissolved. It may be
dissolved also by fusion with phosphoric acid. It is oxidized
also when fused with pure potash or with saltpetre. The
solutions of oxide of rhodium and the chloride, have a rose-red
or browniHh-red colour, and exhibit tbe following phenomena
with re-agents:

(1.) Potash occasions no precipitate, but when the mi~ture

is boiled, a gelatinous brownish-yeliow matter falls.
(2.) Ammonia occasions, after some time, a copious )'ellow­

iih precipitate, which is completely soluble in muriatic acid.
'l'he solution has a yellow colour.

(8.) Carbonate of potash at first occasions no precipitate,
bu' after some time a yellowish sediment falls. Carbonate of
.soda a.nd l'arbonatc of ammonia act ill the same \vay.
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(4. ) Phosphate of soda throws down no precipi tate.
(5.) Oxalic acid produces no sensible change.
(6.) Prussiate of potash throws do,,'n no precipitate.
(7.) Sulphate of iron occasions no change.
(8.) Protochloride of tin produces a dark brown colour, but

throws down no precipitate.
(9.) Iodide of potassium deepens the colour, and occasions

at last a slight precipitate.
(10.) Sulphuretted hydrogen produces at first no change,

but by degret's a brown sediment falls, though the colour of
the liquid continues. Sulphobydrate of ammonia throws down
a brown precipitate, not soluble in an excess of the reagent.

( 11.) A plate of zinc throws down the rhodium in the
metallic state, under the form of a black powder.

Iridium.
Iridium is a white metal, like platinum, and requires so

high a temperature to fuse it, that it has never been obtained
in any other state than that of powder. It is very heavy,
though its specific gravity has not yet been determined with
accuracy. It is insoluble in nitric, muriatic, dilute sulphuric
acid, and even in. aqua regia. But it dissolves in ~i8 last
liquid when alloyed with a sufficient quantity of platinum.
By fusion. with saltpetre, it may be converted into an oxide.
It oxidizes spontaneously in fine powder when simply exposed
to the atmosphere, as I have repeatedly observed. The chlo­
ride is the only solution of this metal whose action with re­
agents has been studied. Its colour is dark red, or dark
reddish-brown.

(1.) Potash changes the colour of the liquid to a dirty
green, and a very small quantity of a brownish-black precipi­
tate falls. When heat is applied to this mixture, it gradually
assumes a blue colour, which becomes deeper and deeper.
When the blue liquid is evaporated, a slight bluish precipi­
tate at first falls, but the dry mass is white with a tint of
green. When it is digested in water, a blue powder remains
undissolved, and the solution is colourless.

(2.) Ammonia added in excess destroys the colour as much
as potash does, and throws down merely a trace of brownish­
black deposit. When the liquid is long boiled, so that most
of the excess of ammonia is driven off, it begins to assume a
blue colour, but this colour is never so pure as when {)otash is.
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employed. The colour is improved when the liquid is not ·
boiled but left in a vellel exposed to the air.

(3. ) Carbonate of potash throws down at fint a copioDl
light reddish-brown precipitate, but which gradually dissolves
again, and the colour of the solution -becomes much lighter.
There remains a mere trace of a brownish-black precipitate.
When the mixture i. boiled it does not assume a blue- colour.
When we evaporate the whole to dryness, and treat the dry
residue with water, a little blue coloured matter remains 1111­

dissolved, and the solution after a time assumes also a blue
colour.

(4. ) Bicarbonate of potash produces at first no change, bot
by degrees the liquid loses its colour, just as when potash, or
carbonate of potash is used, but no precipitate appears.

(5. ) Carbonate of soda destroys the colour like the other
carbonates. Boiling at first occasions no change, but if we
continue the process, a blue colour at last appears. Carbon­
ate of ammonia occasions the same phenomena.

(6.) Phosphate of soda at first produces DO change, bat
after a considerable interval of time the liquid becomes nearly
colourless.

(7.) Oxalic acid occasions at first no sensible alteration, bat
by degrees the colour of the liquid is destroyed.

(8.) Prussiate of potash produces the same effect.
(9.) Cyanodide of mercury occasions no change.
(10.) Nitrated suboxide of mercury throws down a light

brown precipitate.
( 11.) Sulphate of iron occasions no change at first, but

after a considerable interval of time, a dirty greenish precipi­
tate falls.

( 12.) Protochloride of tin throws down a light-brown pre­
cipitate.

(13.) Iodide of potassium discolours the solution, but occa­
sions no precipitate.

(14.) Sulphuretted hydrogen at first discolours the liquid.
After a considerable time, a brown precipitate of sulphuret of
iridium falls. Sulphohydrate of ammonia occasions a brown
precipitate, dissolved by a small excess of the precipitating
reagent. When muriatic acid is poured into this solution,
sulphuret of iridium falls down.

(15.) A plate of zinc throws down the iridium in the me­
tallic state, under the form of a black powder.
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Osmium.
Osmium is usually obtained in the state of a black powder,

but when in a compact state it has the metallic lustre. When
heated in a close vessel it undergoes DO change, neither melt­
ing nor volatilizing, but in the open air it ffies off when heated
under the form of an oxide, which has a strong and character­
istic smell. Nitric acid dissolves it and converts it into
osmium acid, and both acids are volatilized together. The
change is more easily effected by aqua regia. The chloride
of osmium is obtained, when osmium previously mixed with
chloride of potassium is exposed to a current of chlorine gas
while elevated to a red heat. The chloride of osmium has a
red colour, but its solution in water is yellow. This chloride
produces with reagents the following phenomena:

(1.) Potash occasions at first no change, but when the mix­
ture is beated, it assumes a black colour, and a black precipi­
tate falls, after which the solution becomes lighter coloured.

(2.) Ammonia occasions at first no alteration, but after
some time the liquid becomes brown, and a brown precipitate
falls.

(3.) Carbonate of potash produces no sensible cbange at
first, but after a considerable interval a black precipitate falls, .
and the liquid assumes a bluish colour. Bicarbonate of potash
acts in the same way.

(4.) Carbonate of soda acts as carbonate of potasb, only
the liquid has not quite 80 strong a blue colour.

(5. ) Carbonate of ammonia acts as ammonia.
(6. ) Phosphate of soda occasions no change.
(7.) Oxalic acid is equally inefficacious.
(8. ) Prussiate of potash and cyanodide of mercury throw

down no precipitate.
(9.) Nitrated 8uboxide of mercury throws down a yellow

precipitate.
( 10.) Sulphate of iron occasions no cbange.
( 11.) Protochloride of tin throws down a brownish precipi­

tate.
(12.) Iodide of potassium occasions no change at first, but

after some time a black precipitate falls, and the liquid assumes
a blue colour.

(13.) Sulphuretted hydrogen produces no change at first,
but after a cODsiderable interval, a yellow precipitate falls.
Sulphohydrate of ammonia throws down a yellow preci\litate
which is soluble in an excess of the preei\l\ta.t\t.
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(14.) A plate of zinc throws down a black powder from
solutions of osmium.

The analysis of platinum ore is attended with considerable
difficulties. We most begin by separating all the foreign
matter, and leaving nothing but the small plates of erude
platinum.

After every thing that seems to be foreign has been remoYed,
we must digest the purified ore in dilute muriatic acid. Th~

object of this is to free it from the coating of peroxide of iron
with which it is often covered, and to &ee it from any metallic
iron with which it may be mixed.

The ore' must now be ignited, but it should be previoualy
weighed, because the ignition occasions an increase of weight
by peroxidizing some of the iron.

The constituents of this complicated ore, arranged according
to the relative amount of the constituents, are platinum, iroo,
iridium, copper, rhodium, palladium, and osmium.

I. Dissolve the portion of ore taken for analysis (30 graiDs
are sufficient) in aqua regia, in a glass retort furnished with.
receiver, which must be kept constantly cold. The liquid
which distils over is yellow, and carries with it some of the
ore, which, rising in a fine cloud during the effervescence, is
driven over mechanically by the nitrous gas evolved. Distil
off the acid till the liquid in the retort assumes the consistence
of a syrup, and congeals on cooling.· The saline mass is
dissolved in the smallest possible quantity of water, and the
solution poured off with the proper precaution. The acid
which had distilled over is poured back upon the undissolved
residue in the retort, and distilled again. This in general is
sufficient to dissolve the whole of the ore. Distil as before to
a syrup, re-dissolve, and pour off. If the liquid in the receiver
be Dot colourless, it must be poured back into the receiver and
re-distilled.

2. The colourless distilled liquid is diluted with water, and
saturated with amnlonia, or if this should be thought too
expensive, with hydrate of lime, taking care however to leave
a slight excess of acid. Put the solution into a flask, and add
to it 8ulphuretted hydrogen water in excess. Then shut the
mouth of the flask, (which ought to be nearly filled with the
solution), and let it remain at rest till the precipitate formed
in it have time to subside. The clear liquid is now drawn
off with a syphon, and the precipitate, which consists of
suIphuret of osmium, \~ co\\e.~\~~ \)~ a ~~\~~~~~\~'t~ .uhed,
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dried, and weighed. It contains about 51 per cent. of
osmium.

3. Should the liquid smell of chlorine after dissolving the
saline mass, we must allow it to digest till this-smell vanishes.
If a precipitate appear,' it is oxide of palladium, which must
be ·re-dissolved. Tile whole is then poured into a weighed
filter, and the matter collected on this filter is to be washed
and dried. It consists of grains of iridium ore and sand, which
could not be separated previous to the analysis. Sometimes,
besides these substances, a black powder appears, which looks
like charcoal, and which passes through the filter during the
washing of the other matter. It is peroxide of iridium, and it
is produced when the aqua regia used for the solution contains
too much nitric acid.

4. 1'he filtered solution is mixed with twice its bulk of
alcohol, of the specific gravity of 0-833, so that the mixture
may contain about 60 per cent. of alcohoL A concentrated
solution of chloride of potassium in water is DOW added, 80

long as it throws down a precipitate. This precipitate is a
mixture of potassium-chloride of platinum, and potassium­
chloride of iridium, contaminated with the same salt of rho­
dium, and even of palladium. . 1'he precipitate has a fine
lemon-yellow colour, when it is free from iridium j but when
iridium is present it assumes all the shades of red, from deep
yellow to cinnabar. It is collected on a filter and washed
with spirits of the specific gravity of 0-896, and holding in
solution a little chloride of potassium. The washing is con­
tinued till the liquid which passes througb the filter gives 00

precipitate with sulphuretted hydrogen water.
5. The washed double chlorides on the filter are dried and

mixed as equably as possible with their own weigbt of car­
bonate of soda. The filter, with what of the precipitate cannot
be removed, is burnt, and its ashes mixed wiYi carbonate of
soda, and added to the rest of the double salt. Put the whole
into a porcelain crucible, and heat it gently till it is quite
black throughout. This process could not be conducted in a
platinum crucible, because the crucible would be corroded,
and a portion of the metal mixed with the chlorides under
investigation.

By this process the double salts are decomposed, and the
platinum reduced to the metallic state_ The iridium aod
rhodium become oxidized, and remain in such a state as to
permit the separation of the platinum hom tnem\\, %a\.\\.~a~..

J1. 2 H

..
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The heated saline m818 is washed with water till the grNter
part of the salt is dissolved. Dilute muriatic acid is thea
added to the remainder to extract the alkali combined with the
oxides of iridium and rhodium. The ID858 is washed, dried,
ignited, and weighed.

Now mix it with five or six times its weight of bisuJphate
of potash, and fuse the whole in a platinum crucible, COy~red

with a lid. The rhodium is oxidized and sulphurous acid
giYen out, and a solution of the oxidized rhodium takes p_
in the salt, which acquires a red or black colour, according to
the portion of rhodium taken up. This operation is repeated
several times; indeed as long as the salt acquires colour.

6. "fbe quantity of rhodium may be estimated two ways:
if we wash, ignite, and weigh the undissolved platinum, &be
I08S of weight indicates the peroxide of rhodium, which eoD­
tains 71 per cent. of metal; or we may mix the acid solation
of rhodium with aD excess of carbonate of soda, evaporate the
mixture to dryness, and ignite the dry salt in a platinUBl
crucible. Upon dissolving it again in water, the peroxide of
rhodium remains behind j it is collected, washed, dried, aucI
reduced by hydrogen gas"in the way formerly explained. T1ae
rhodium thus obtained may contain palladium; this is extraeted
by aqua regia. The solution of palladium is neutralized, and
then precipitated by cyanodide of mercury. The weight of
the palladium thus obtained is of course abstracted from that
of the rhodium.

7. After the separation of the rhodium, the metallic mass is
next treated with dilute aqua regia by digestion, in which
platinum is separated. The solution appears very dark in
consequence of the presence of peroxide of iridium, but when
this oxide has fallen to the bottom the colour will be found ta
be a pure yellow. The clear liquid is decanted; concentrated
aqua regia mixed with common salt is now poured over the
residue, and the mixture is evaporated to dryness. ne
common salt is added to prevent the formation of protochloride
of platinum. The solution thus obtained consists chiefty of
platinum, but it contains also a little iridium. Upon dissolving
the dry mass the peroxide of iridium remains behind; as it is
apt to pass through the filter when washed with pure water,
we must wash it with a solution of common salt, and after­
wards with a solution of sal ammoniac, to get rid of the common
salt. It is now burnt with the filter, reduced by hydrogen
gas, and weighed. The solution of soda salt, which contains
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iridium, is mixed with carbonate of soda, evaporated to dryness,
and heated to redness. The product is a mixture of platinum
and peroxide of iridium, which being freed by washing from
soluble salts and then treated with aqua regia, leaves tbe
peroxide of iridium. Caustic ammonia still precipitates from
the solution a trace of brown oxide of iridium, which, however,
is not quite free from platinum. The peroxide of iridium is
reduced, and the metal is added to tbe quantity formerly
obtained.

8. To learn the weight of the platinum we must subtract
that of the peroxide of rhodium from the common weight of
the platinum, peroxide of rhodium, and peroxide of iridium.
The weight of iridium obtained must be increased 12 per
cent. to convert it into peroxide, and this augmented weight
must also be deducted from the sum total. The remainder,
after these two subtractions have been made, is the weight of
the platinum.

9. We have still the alcoholic solution of No.4. to examine.
We put it into a flask furnished with a ground stopper, and
pass a current of sulphuretted hydrogen through it till it is

.saturated. The flask is then closed, and left for twelve hours
in a warm place, by which time a precipitate will have sub­
sided. I t is now filtered, and the alcohol evaporated off.
During this concentration an additional precipitate falls, which
is added to the former.

This precipitate consists of sulphuret of iridium, sulpburet
of rhodium, sulphuret of palladium, and sulphuret of copper,
while the filtered liquid contains iron, a little rhodium and
iridium, and a trace of manganese. During the evaporation
of the alcohol, a greasy and disagreeable smelling 8ulphuret is
deposited, which cannot be washed out. After the solution
has been entirely washed away, this substance can be removed
by pouring a little ammonia into the vessel. The solu­
tion of it is put into a platinum crucible and evaporated to
dryness, after which the other moist sulphurets are also put
into the same crucible and roasted 88 long as sulphurous acid
is produced. When the roasting is ended, muriatic acid i.
poured over the mass, subsulphates of copper and palladium
dissolve, forming a green or yellowish-green solution, while
the oxides of iridium and rhodium, with a small quantity of
platinum, remain undissolved.

10. 'fhe muriatic acid solution is mixed with chloride of
potassium and nitric acid, and evaporat.ed to 4t-,ue., ~ ~i'c..
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coloured saline mass is obtained, which contaios chloride of
potassium, potassium-chloride of copper, and potassium-ehlo­
ride of palladium. The first two of these salts being soluble
in alcohol of the specific gravity of 0-833, are estracted by
tbat spirit_ 'fhe palladium salt then alone remains; it is
collected on a filter and washed with alcohol. It contaios
28-84 per cent. of palladium_

The spirituous solution of the copper salt contaios a trace
of palladium, too small to be of any consequence in the ana­
lysis. The solution is evaporated to get rid of the alcobo~

and the copper precipitated by caustic potash. It is in the
state of black oxide, ~very 5 grains of which are equivalent to
4 grains of metallic copper.

11. The roasted sulphurets (No.9.) which could not be
dissolved in muriatic acid are fused with bisulphate of potash,
the process being repeated 88 long as the salt becomes coloured.
By this means the rhodium is dissolved out. The residual
matter thus deprived of rhodium is treated with aqua regia,
which dissolves a little platinum, and leaves peroxide of
iridium.

12. The concentrated solution from which the sulphurets
were precipitated, contains only iron in the state of protochlo­
ride, a small quantity of iridium and rhodium, and a trace of
manganese. It is mixed witb a sufficient quantity of nitric
acid, and boiled till the iron is fully peroxidized. The per­
oxide of iron is then precipitated by caustic ammonia, and the
precipitate is washed, ignited, and weighed. The peroxide
of iron is reduced by hydrogen gas, and the metal is dissolved
in muriatic acid, which, towards the end, must" be warmed.
There remains undissolved a small quantity of black powder.
rrhis black powder is ignited in an open vessel, by which it
acquires the same degree of oxidizement as the peroxide of
iron. It is then ,,'eighed, and its weight is deducted from
that of the peroxide of iron. Every 5 grains of this peroxide
are equivalent to 3-5 grains of metallic iron. l'he black pow­
der is a mixture of iridium and rhodium, in a state not yec
well understood.

13. rfhe solution which was precipitated by caustic ammo­
nia, still contains iridium and rhodium. It is mixed with
carbonate of soda in sufficient quantity to decompose the ·
ammoniacal salts, and then evaporated to dryness. The resi­
due, after gentle ignition, is dissolved in water. The metallic
oxides remain undissolved. rr\\e t\\l.al\\\\, \){ \\\at\~e8e con-
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mined in the metallic oxides, is scarcely greater than to enable
the operator to detect it. It may be extracted from the
washed oxides by muriatic acid. But when 30 grains only
of the ore are analyzed, the manganese is too minute to be
capable of being weighed.

The preceding mode of analyzing the ore of platinum, is
the one put in practice by Berzelius, in his elaborate paper on
the metals in native platinum, inserted in the Memoirs of the
Stockholm Academy for 1828. It is exceedingly intricate,
and too complicated to gi,·e exact results. But it is the only
mode hitherto devised by analytical chemists. Before it was
published, we were not in possession of any method of sepa­
rating these singular metals from each other with any preten­
sions to accuracy. The method suggested by Berzelius,
therefore, though imperfect, is still of considerable value as a
first step, wbich, no doubt, will be gradually improved upon
-and simplified, till it reaches the requisite degree of precision.

Sect. 11. Arsenic.
Arsenic occurs occasionally in the mineral kingdom in the

state of metal, and is then known by the name of "ative
arsenic. It is fo~nd, however, much more frequently com­
bined with other metals constituting arsenietst or united to
sulphur, forming a sulphur acid or a sulphide of arsenic. We
shall therefore defer the account of the mode of separating
arsenic from other bodies till we come to treat of the sulphur
salts. In this section it will be sufficient to give the charac­
ters of the metal, and the mode of detecting it or its acids,
when they occur in the mineral kingdom.

Arsenic is a white metal, very brilliant while quite fresh,
and not unlike iron, but speedily tarnishing and becoming
black on the surface. It is soft and very brittle, and rather
light. When heated, it sublimes before it melts. If it be
heated almost to redness in the open air, it takes fire, and
burns with a very pale white flame, giving out a white" sm'oke
having a strong smell of garlic. It combines with two pro­
portions of oxygen, forming two acids, the arsenious and
arsenic. It is by converting arsenic into arsenic acid, that its
quantity in any compound can be most accurately determined.
This, in general, is easily done, by dissolving the ore in nitric
acid, or nitro-muriatic acids. It is requisite to be acquainted
\vith the effect of re-agents upon tbis acid, that ,ve may know
it \vhcn it occurs.
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( I.) AD -.ea .meet wida cau'. te of soda, ....
espoeed to dae adioa of dae blowpipe OD cMrc-, RiftS ..
dae well-lmowa odoar of priie, wIaida _ tile ...
of IDda1lie aneaie. Wlaea.wd wida cJ.ua.l porier aad
a litde boraeie aeicI, aad heated in a gI.- cube cIaRd at-.e
end, they depa8c GO the eoId put of dae tahe, a .....uic
mirror of ..nic, e.ily distingaislaed by dae clam. acr;""
odOUT prodaeible by heaL

(2.) When an ..aiet is in IOIDtioa, salphuetted.ydngs
pi immediatelyltn'ke8 a yelLnr eoloar, aad if the _Iatioa be
aeidulated with muriatic add, a bright yeUow·precipitate &111.
This precipitate is soluble in salphohydra&e of am......;
while the precipitate from admium, which resembles dae
anenical precipitate yery clOlely, is insoluble in that liquid.

(3.) Sulphohydrate of ammoDia oeaasiODS no precipicale in
a solution containing a Deutral aneniate; but if .uriabe.ad
be added, lulphuretted hydrogen is diseDgaged, and a bright
yellow precipitate falls.

(4.) Sitrate of silver throws down a brown preeipila&e,
easily soluble in nitric acid or in ammonia.

(5.) Chloride of barium, chloride of calcium, and lime
water, occasion white precipitates, very readily soluble in sal
ammoniac, provided the liquid does not contain free ammonia.

(6.) Nitrate of lead throws down a white precipitate, which,
when heated on charcoal before the blowpipe, gives out a
white smoke, characterized by the well-known garlic odour of
anenic.

The action of re-agents upon salts containing arsenious
acid, closely resembles their action on arseniates. They may
be distinguished from arseniates by the yellow precipitate
which they let fall when mixed with nitrate of silver. The
precipitate by nitrate of silver from an arseuiate, is brown.

Sect. 12. Antimony.

Antimony occurs occasionally in the metallic state, and is
then distinguished by the name of native antimony. But it is
much more frequently met with combined with sulphur. It
will be better on that account to reserve an account of the
method of separating antimony from other metals, till we
come to treat of the sulphur salts. Here it may be proper to
point out the characters of antimony, by which it may be
recognised when it occurs.

..1ntimony has a silver, ()t t\\th.~t l.\UC \vhite colour, a good
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deal of lustre, and a plated' texture. It is brittle, 80 that it
can be easily reduced to powder in a mortar. When heated
to redness, it melts and gives out copious white fumes of oxide
of antimony, which are deposited in shining crystals. Nitric
acid oxidizes antimony with rapidity, but does not dissolve it.
The best solvent is aqua regia j the solution is brown, con­
tains always an excess of acid, and is very corrosive.

Antimony unites with three different proportions of oxygen,
and forms oxide of antimony, antimonious acid, and antimonio
acid.

The oxide of antimony is white, but when heated in a
retort, it melts into a yellow mass and may be easily sublimed,
when it forms brilliant needle-form crystals. It dissolves in
muriatic acid, and the solution become.. milky when diluted
with water, but a considerable excess of acid re-~olves the
precipitate. This acid solution of oxide of antimony produces
the following phenomena with re-agents.

(1.) Potash produces a white precipitate, insoluble in an
excess of the potash.

(2.) Ammonia acts in the same manner, and 80 do carbon·
ate of potash, bicarbonate of potash, and carbonate of am­
monia.

(3.) Phosphate of soda throws down a white precipitate,
and 80 does oxalic acid. These precipitates are occasioned
by the water in which the re-agents are dissolved.

(4.) Prussiate of potash throws down a white precipitate,
which does not dissolve in muriatic acid.

(5.) Sulphuretted hydrogen produces a beautiful orange­
red precipitate. Sulphohydrate of ammonia throws down the
same precipitate, but it is easily re-dissolved by adding an
excess of the sulphohydrate.

(6.) A plate of zinc throws down antimony in the metallic
state, and in the form of a black powder.

Salts containing oxide of antimony, if mixed with carbonate
of soda, and heated on charcoal by the interior flame of the
blowpipe, are reduced. 'fhe bead of antimony produced
remains long in the melted state, and gives off a thick \vhite
smoke. When the smoke ceases, the globule of antimony
becomes covered with a net-work of crystals of oxide of anti­
mony.

The phenomena with antimonious and antimonic salts,oare
so nearly the same, that it is unnecessary to enter into details.



472 METHOD OF ANALYZING SELENIETS.

CHAP. II.

METHOD or ANALYZING 8ELENIETS.

SELENIUM has been found in the mineral kingdom, united to
zinc, lead, copper, silver, and palladium. Of these aeleoiets,
the most abundant is seleniet of lead, which has been found in
considerable quantity in the Hartz mines. We are indebted
to M. H. Rose for the first analysis of these seleniets. He
proceeded in the following way:-

A small globular cavity was blown in the centre of a glaas
tube. To one extremity of this globe, a small gl_ tube, 4
inches long, was attached by the blowpipe, and to the other
extremity, a wide glass tube, about 12 inches long, and bent
at a right angle in the middle. These tubes, with the glass
cavity, were weighed, the seleniet to be analyzed was theD put
into the glass globe, and its weight determined. The narrow
tube was then attached to an apparatus for preparing chloriDe,
which was dried by passing it through an intermediate tube

containing chloride of calcium. l'he extremity of the wide
tube was plunged into the bottom of a vessel filled with water.
The tubes being filled with chlorine gas, the bulb is heated
gently by a spirit of wine lamp. Chloride of selenium is
formed and volatilized. .The protochloride is first formed. It
flows in the form of an orange-coloured liquid along the tube
into the water. Selenium is deposited, but again dissolved by
the chlorine which passes into it. Afterwards nothing is
formed but perchloride of selenium, which condenses in the
tube, and would shut it up altogether unless it were very
wide. This chloride must frequently be driven by a lamp
along the tube, till it passes into the water. The chlorine
should pass over very slowly, for if the bubbles of gas rise too
rapidly through the \vatet, some of the chloride of selenium



METHOD OF ANALYZING SELENIE'rs_ 473

might be carried off by it before it had time to be decomposed
by the water. After the passage of the chlorine has continued
five or six hours, all the metals in the bulb are converted into
chlorides. The proce88 is at an end when no more chloride of
selenium is sublimed. The bulb is then allowed to cool with
the requisite precautions to prevent its cracking, when the
chloride of lead, which had been in fusion, congeals. The
portion of the tube containing chloride of selenium, is now to
be cut off, and this chloride is carefully washed into the water
containing the rest of it. After washing and drying the tube,
it is weighed with the glass bulb containing the metallic chlo­
ride. We must take care not to apply too much heat to the
bulb, otherwise some of the chloride of lead might be volati­
lized.

Muriatic acid is added to the water containing the chloride
of selenium, and then a sufficient quantity of sulphite of
ammonia to precipitate the selenium. For this purpose, the
whole must be digested for a cODsiderable time, and even
boiled, to ensure the deposition of the whole selenium. The
selenium is now to be collected on a weighed filter, washed,
dried, and weighed.

If the mineral analyzed be seleniet of lead, what remains in
the bulb is merely chloride of lead, composed of

Chlorine, 4·5
Lead, 13

17-5
Or, every 17-5 grains of it contain 13 of lead, or 0·743 of the
weight is lead.

Should silver be present as well as lead, we separate the
two metals by boiling the chlorides in water. The chloride
of lead dissolves, while that of silver remains.

Should iron be present, it is sublimed along with the chlo­
ride of selenium, and easily separated by means of ammonia,
which throws it down in the state of peroxide.

Should cobalt occur along with the lead, it will remain in
the bulb in the state of chloride, mixed with chloride of lead.
Water will dissolve the two chlorides completely. Mix sul­
phuric acid with the solution, and evaporate to dryness to get
rid of the muriatic acid and the excess of sulphuric acid.
This residue being digested in water, the sulphate of cobalt
\vill dissolve, ",bile tbe sulpbate of lead remains in the state of
a \vhitc powder. Let it be ,,·ashcd, ignited') \\l\\\ ~~\~\\.~~.
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Multiply the weigltt by 0·684, the product is the weight of
the metallic lead.

The cobalt may then be precipitated by caustic potash.
The precipitate washed, dried, and ignited, is protoxide, each
4·25 grains of which are equivalent to 3-25 grains of metallic
cobalt. So that if we multiply the weight of the oxide by
0·765, the product will be the quantity of metallic cobalt.
. Caustic potash does not throw down cobalt completely, but
the small residue falls when sulphohydrate of ammonia is
added to the solution. This precipitate when dried, is 8ul­
phuret of cobalt. If we multiply its weight by 0-619, the
product is the quantity of cobalt whicb it contains.

Should copper exist in the mineral along with lead, it is
separated precisely in the same way as cobalt, by throwing it
down, after abstracting the sulphate of lead, by caustic potash.
When copper, lead, and silver, occur together, the chlorides of
lead and copper are dissolved by boiling water, while the
chloride of silver remains behind. Then the chlorides of
lead and copper are converted into sulphate&, and the sulphate
of copper being dissolved, the metal is thrown down in the
state of oxide by caustic potash.

When seleniet of mercury is mixed with seleniet of lead,
the method of analysis is a little different. The chloride of
mercury (corrosive sublimate) sublimes along with the chloride
of selenium, and both are dissolved in the water, but the
oxide of mercury cannot be completely precipitated by an
alkali. But 8ulphohydrate of ammonia throws it down com­
pletely. Add to the aqueous liquid containing the two volatile
chlorides ammonia, and then sulphohydrate of ammonia. Col.
lect the 8ulphuret of mercury on a weighed filter, wash it and
weigh it. If the weight be multiplied by 0'862, the product
gives the weight of the mercury contained in it. Having thus
separated the mercury, add muriatic acid till the liquid
becomes acid, and drive off the 8ulphuretted hydrogen. After
oxidizing by aqua regia the 8ulphuret of selenium deposited,
and adding it to the liquid, let the selenium be thrown down
by sulphite of ammonia in the ,yay already described.-

• AnD. de Chim. et de Pbys_ xxix. 113.
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CHAP III•

. ANALYSIS OF ANTJMONIET8.

475

Only two minerals are at present known which are com­
posed of antimony united to another metal, and both in the
metallic state. 1"hese are antimoniet of nickel and antimoniet
ofsilver.

Antimoniet of nickel may be dissolved in nitromuriatic acid,
and the antimony thrown down by sulphuretted hydrogen,
after having added a quantity of tartaric acid to prevent the
precipitation of any of the nickel. The sulphuret of anti­
mony is collected on a filter, washed, and dried, and reduced
by hydrogen gas. The nickel may be thrown down by caustic
potash, washed, dried, ignited, and weighed. The weight
multiplied by 0·765 gives the quantity of metallic nickel in
the oxide.-

When antimoniet of silver is digested in nitric acid the
silver is gradually dissolved, while the antimony remains
behind in the state of an oxide. This oxide may be dissolved
in muriatic acid, precipitated by dilution with water, and the
remainder by an alkali. The precipitated oxide is reduced
by hydrogen, and its weight estimated. The silver solution
is to be thrown down by common salt, and the resulting
chloride collected, washed, dried, fused, and weighed. Should
any iron exist in the mineral it will be found in the nitric
acid solution after the silver has been thrown down, and may
be precipitated by potash, or ammonia, washed, dried, ignited,
and weighed.

CHAP. IV.

ANALYSIS OF ARSENJETS.

Arsenic, in the metallic state, exists in the mineral king­
dom in combination with no fewer than seven metals, consti­
tuting seven different mineral species. These are

Sesquiarseniet of iron,

• See Stromeycr, Poggcndorft·,~ A.nu\ll~\\, '1'1.~\, \~t...
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Arseniet of manganese,
Arseniet of nickel,
Arseniet of cobalt,
Aneniet of copper,
Arseniet of silver,
Arseniet of antimony. '

Arseniet of iron may be digested in aqua regia as long 88

any thing is taken up. The undissolved residue is collected
on a filter, washed, dried, and weighed. Being exposed to a
red heat, the sulphur mixed with this residue burn&, and its
quantity is determined by weighing the residue, and subtract­
ing the amount of its weight from that of the original quan­
tity. What remains now is part of the gangue with which
the mineral was contaminated. Its amount is to be subtracted
from that of the mineral subjected to analysis.

rfhe solution contains sulphuric acid which is thrown down
by chloride of barium, taking care that such an excess of acid
exists in the liquid as will prevent the precipitation of any
arseniate of barytes.

A current of 8ulphuretted hydrogen gas is now passed
through the liquid till it is saturated, and smells strongly of
that gas. It is put in a warm place, and left till all this smen
is dissipated. The sulphuret of arsenic thrown down is col­
lected on a filter, washed, dried, and weighed. It is a com­
pound of 4-25 arsenic and 5 sulphur. Therefore, if we
multiply the weight of sulphuret obtained by 0-459, the pro­
duct will be the amount of the arsenic ill the mineral. Or
after weighing the sulphuret of arsenic we may digest it in
aqua regia, determine the amount of sulphur that remains
undissolved, throw down the sulphuric acid by chloride of
barium, and determine the amount of the Rulphur which it
contains. rfhe quantity of sulphur in the sulphuret being
thus known, if we subtract it from the weight of the sulphuret
of arsenic the remainder will be the weight of the arsenic in
the mineral.

The iron in the solution has by the action of the sulphur­
etted hydrogen been brought into the state of protoxide. By
digestion with nitric acid, or by a current of chlorine gas, it
is to be brought to the state of peroxide, and then thrown
down by ammonia, wasbed, dried, ignited, and weighed.

Should the solution besides iron contain cobalt and nickel,
as is sometimes the casc, the iron must be thrown dO\\9n hy
benzoate of ammonia, and \.\\~ \)'!.\d.~~ \)( \\\\:.k~l and cobalt, by
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caustic potash. The nickel and cobalt must be separated from
each other by processes to be afterwards described.

Arseniet qf copper may be dissolved in aqua regia. The
solution must be rendered alkaline by an excess of ammonia,
Bnd then digested in a close vessel with a considerable excess
of 8ulphohydrate of ammonia. The copper is precipitated
in the state of sulphuret. One half the weight of this 8ul­
phuret usually denotes the amount of the copper. But as this
is not always the case the best way is to digest the sulphuret
in nitric acid till the copper is dissolved, and then to throw it
down by caustic potash or soda. It is obtained in the state
of black oxide, every 5 grains of which Bre equivalent to 4
graills of metallic copper.

The solution containing the arsenic is diluted with water,
and then mixed with as much muriatic acid as is sufficient to
render it acid. Sulphuretted hydrogen is disengaged, and
sulphuretted arsenic is precipitated. It must be collected on
a weighed filter, washed, dried in a gentle heat, and weighed.
Put as much of it 88 can be separated from the filter into a
small glass flask, then weigh the filter with what remains on
it to determine how much of the sulphuret of arsenic has been
submitted to experiment. Pour aqua regia over the sulphuret
in the flask and allow it to digest. The arse~ic is converted
into arsenic acid, and the sulphur partly ~cidified, and partly
precipitated in the state of pure sulphur. Filter the solution
to separate the unacidified sulphur, and precipitate the sul­
phuric acid by means of chloride of barium. Calculate the
quantity of sulphur in the sulphate of barytes thrown down,
and add it to the weight of the sulphur collected on the filter.
The amount of this subtracted from that of the sulphuret of
arsenic experimented upon gives the weight of arsenic con­
tained in that arseniet. The only error likely to be committed
is collecting the sulphur upon the filter before all the ,arsenic
is dissolved. This must be carefully guarded against.

Should the arseniet of copper contain iron, 88 is said to be
the case, that metal will be precipitated along with the copper
in the state of sulphuret. We must digest the precipitated
sulpburets in aqua regia till both the metals are completely
dissolved. The solution must then be neutralized, and the
iron thrown down by benzoate of ammonia, and afterwards
the copper by caustic potash. From these precipitates the
weight of the iron and copper is to be determined in the W&l

already explained.
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Arleftical silver, according to the analysis of Klaproth,
contains silver, iron, arsenic, and antimony. It may be
digested in nitric acid, which will dissolve the silver and
arsenic, and most of the iron. Common salt will throw down
the silver in the state of chloride. The iron and arsenic may
be separated by the methods already pointed .out.

The residue insoluble in nitric acid may be taken up by
digestion in muriatic- acid, except a little chloride of silver,
which is to be washed, dried, fused, and weighed. Let the
8olution be precipitated by caustic potash, and the precipitate
after being washed re-dissolved in muriatic acid. If we dilute
the solution with water the antimony will precipitate. What
remains in solution is peroxide of iron, which may be precipi­
tated by caustic ammonia.

The method of separating arsenic and antimony has Dot
been brought to the same state of perfection, as the separation
of arsenic from the other metals treated of in this chapter.
H the alloy consists of arsenic and antimony alone, the
former metal may be sublimed from the latter by the simple
application of heat. The alloy is put into a glass ball
blown in the middle of a tube. A current of dry hydrogen
gas is passed through it till all the common air is expelled.
Then heat is applied to the ball and continued as long •
arsenic sublimes. The arsenic must be driven along the tube
and expelled by a small spirit lamp. Mter the process is
finished the metallic antimony is weighed. The difference
between its weight and that of the original alloy gives the
amount of the arsenic driven off.

When the antimony and arsenic are in solution, or when
they are combined with other bodies, this process cannot be
applied. Mix the solution with tartaric acid to prevent the
antimony from being precipitated when water is added.
Dilute with water, and pass a current of 8ulphuretted hydro­
gen gas through the liquid till it is saturated. and apply heat
to ensure the complete precipitation of the 8ulphurets. What
precipitates first is 8ulphuret of antitnony, and after a con...
siderable interval the bright yellow precipitate of sulphuret of
arsenic appears. Mix the precipitates by agitation, and col­
lect them on a weighed filter. Let it be dried in a very
gentle heat till it ceases to lose weight. Mter determining
the weight of the whole, shake about one half into a flask.
Warm the filter with the remainder, and weigh it; by this

proceeding the exact <\uant\t~ e·x:~et'me\\\e\\. (\~. if. known.
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The portion sbaken into the flask is very cautiously oxidized
by aqua regia, beginning first by adding fuming nitric acid in
small quantities at a time, and finally muriatic acid. Mix
the solution thus produced with tartaric acid, and dilute it
with water. Should any sulphur fall down it should be col­
lected, dried, and weighed. The sulphuric acid in the
solution is precipitated by chloride of barium, and the weight
of sulphur ill it determined. The knowledge of the weight
of the sulpbur gives us that of the arsenic and antimony
together.

Another portion of the precipitated sulphurets is heated in
an atmosphere of hydrogen gas, just as sulphuret of antimony
is heated to determine how much antimony it contains. The
sulphur from the antimony first 8ublimes, and then the sul­
phuret of arsenic. A t last nothing remains but metallic
antimony. ,Knowing by these two processes the weight of
sulphur and of antimony in the mixed 8ulphuret, it is easy to
deduce that of the arsenic. .

When arsenic and antimony are together alloyed with other
metals, these metals will remain in solution after the arsenic
has been thrown down by 8ulphuretted hydrogen, provided
they be metals not precipitated by sulphuretted hydrogen, as
is the case with iron, manganese, nickel, and cobalt. After
separating the arsenic and antimony, we must throw down
these metals by sulphohydrate of ammonia, and analyze the
sulphurets thus obtained by the methods hereafter to be
explained.

CHAP. V.

ANALYSIS OF TELLURETS.

TELLURIU,M is found in the mineral kingdom alloyed with
lead, bismuth, and silver, under the forms of bitelluret of lead,
bitelluret of silver, and telluret of bismuth. It occurs also in
the state of native tellurium, and there are two ores of gold
formerly found in Transylvania, and still existing in cabinets,
which contain tellurium. These are white tellurium ore, and
graphic ore of tellurium.

Tellurium is a brittle foliated metal, having the colour of
silver, easily fusible, and capable of be\n~ %\1\)\\me~,...~1l..~~~'-
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below redness. When heated before the blowpipe it gives a
blue tinge to the flame. It forms an oxide when heated in the
open air, which has a white colour, and 5 grains of it are equi­
valent to 4 grains of the metal. Tellurium dissolves readily in
nitric acid or aqua regia, and the solution is colourless. The
oxide of tellurium is much more easily soluble in aqua regia
than in nitric acid. This solution, brought as nearly as
possible to a neutral state, enibits the followiDg phenomena
with reagent.tI:-

(1.) Potash throws down an abundant white precipitate,
soluble in an excess of the precipitant. Ammonia, and car­
bonate and bicarbonate of potash, and carbonate of ammonia,
act precisely in the same \vay. An excess of carbonate of
potash strikes a green colour, which disappears on boiling the
liquid, and does not again show itself.

(2.) Phosphate of soda throws down a white precipitate.
(8.) Oxalic acid throws down no precipitate.
(4.) Prussiate of potash occasions no precipitate.
(5.) Sulphuretted hydrogen throws down a brown precipi­

tate, very similar to the precipitate thrown down by the same
reagent from a solution of protoxide of tin. Sulphohydrate of
ammonia throws down a similar precipitate.

(6.) A plate of zinc throws down tellurium in the metallic
state, under the form of a bulky black matter.

The insoluble compounds of tellurium are generally soluble
in muriatic acid.

Bitelluret of lead was found by Klaprotll to contaiD lead,
tellurium, gold, silver, copper, and sulphur.

Reduced to a fine powder it may be digested in aqua regia,
and the solution separated \vhile boiling bot from the residue,
consisting partly of sulphur, and partly of sulphate of lead.
Let the residue be weighed and the sulphur driven of[ The
residue is sulphate of lead, composed of 5 sulphuric acid and)"
oxide of lead. Hence every 19 grains of it are equivalent to 2
grains of sulphur, and ) 3 grains of lead in the metallic state.·

The solution thus freed from sulphur, on cooling deposits
numerous crystals of chloride of lead. The liquid must be
concentrated, and set aside to obtain as many of these crystals
as possible. \Vhen washed and dried they are composed of

• The silver, of which only at very minute quantity exists in the ore
will also be found in the residue in the state of chloride. It may ~
separated from the sulphate of lead by digesting the mixture in nwstic
ammonia.
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4-5 chlorine, and 13 lead. Hence every I7l grains of them
contain 13 grains of lead.

The liquid thus freed from lead may be diluted with a little
water, and then mixed with alcohol 88 long as a white preci­
pitate continues to fall. After allowing the mixture to remain
for some time in a warm place, collect this precipitate on a
filter, and after washing it in alcobol, dissolve it in muriatic
a~id, and throw it down by caustic soda, taking care not to add
the alkali in excess. When washed and dried it constitutes
oxide of tellurium, every 5 grains of which are equivalent to
4 grains of metallic tellurium.

Distil off the alcohol, and dilute the concentrated solution
with a little water, then add nitrated suboxide of mercury 88

long as a brown precipitate continues to fall. Collect this
precipitate and fuse it with saltpetre; the gold will be obtained
in the metallic state, melted into a globule.

The copper still remains in solution, but it may be thrown
down by caustic potash. Even should a slight excess of the
mercurial salt have been added it will not be injurious, because
it will be driven off when we ignite the oxide of copper before
weighing it.

Telluret of bismuth may be dissolved in nitric acid or aqua
·regia, and the solution is to be supersaturated with ammonia.
After this sulphohydrate of ammonia is added in excess, aod
the whole set aside for some time in a stoppered phial. 8ul­
phuret of bismuth precipitates, and may be analyzed by the
methods afterwards to be pointed out; or we may consider
every 11 grains of this sulphuret to be equivalent to 9 grains
of bismuth.

The solution containing the tellurium is precipitated by
muriatic acid, warming the liquid till the odour of sulphuretted
hydrogen is dissipated. Collect the sulphuret of tellurium on
a filter, wash it and dry it, and dissolve it in aqua regia.
Raise this liquid (which must always contain an excess of
muriatic acid) to the boiling point, and then add sulphite of
ammonia gradually till the whole tellurium be precipitated in
the state of a black powder. In this state it is metallic
tellurium, which must be washed, dried in a gentle heat, and
weighed.

Bitelluret of silver contains nothing but tellurium, silver,
I and a trace of iron. It dissolves readily in nitric acid, and the

8olution is hastened by the application of heat.
Throw down the silver from this sa\u\\o-a \)., U\~-a..~~ ~\.

u 21
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muriatic acid; the residual liquid may be put into • W8I'IIl

place, and treated with succeuive portions of muriatic aeicl
till all the nitric acid which it contained is decomposed. It
may then be diluted with water, and after being beated it may
be mixed with muriatic acid and sulphite of ammonia. The
tellurium is thrown down in the metallic state under the form
of a black powder. The process mu!t be repeated till all the
tellurium is thrown down.

The liquid remaining still conhlins iron. A current of
chlorine may be patlsed through it to peroxidize this iron, and
the peroxide may be thrown down by caultic ammonia.

The other ore. containing tellurium may be analysed by
the methods DOW poioted oot.

CHAP. VI.

AN ALY81S OF IODIDES.

THE only combination of iodine and a metal, hitherto met witll
in the mineral kingdom, is iodide of ftlvw.

Iodine is a substance having a blackish colour, and some­
thing of the metallic lustre. It is volatile, and characterized
by the fine violet colour wbich it assumes when converted into
vapour. It dissolves slightly in water, though the quantity is
lufficient to strike a beautiful blue colour when mixed with I

jelly of starch in water. It is much more soluble in alcohol
than in water, and the solution has a pretty deep brown colour.
It dissolves in caustic potash or soda ley, and by the solution
is converted into two acids; namely, hydriodic acid, which
forms with the soda a soluble salt, and iodie acid, the combina­
tion of which with soda is much less soluble, so that it usually
falls in the state of 8 white powder.

When nitrate of silver is dropt into a hydriodate a white
matter falls, having considerable resemblance to chloride of
silver. This precipitate, like chloride and bromide of silver,
is insoluble in dilute nitric acid; caustic ammonia has bot
little action on it, whereas it readilV dissolves chloride and
bromide of silver. These t\VO cha~acters are sufficient to
enable us to distinguish the iodide of silver from other bodies,
and consequently to detect the presence of iodine in liquids.

When iodide of ailver \8 d\~es~ in nitric acid it is not
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attacked unless the acid be very strong. When digested in
muriatic acid it is partly decomposed, and the colour and smell
of iodine become sensible when heat is applied. When the
muriatic acid is subjected to distillation, the iodine passes into
the receiver, and is deposited in crystals.

•
CHAP. VII.

ANALYSIS OF CHLORIDES.

THE only chlorides hitherto observed in the mineral kingdom
are those of silver and mercury.

The analysis of chloride ofsilver is sufficiently simple. A
quantity of the chloride i. put into a globular cavity, blown in
a glass tube, to which is afterwards attached an apparatus for
disengaging hydrogen gas and drying it, by allowing it to pass
through a glass tube containing fused chloride of calcium.
When the apparatus is filled with hydrogen gas, the heat of a
lamp is applied to the glass containing the chloride, and con­
tinued till the chlorine is disengage~ under the form of muriatic
acid gas, and the reduced silver remains behind. By weighing
this silver, and deducting the weight from that of the original
chloride, we determine the weight of the chlorine disengaged.

The analysis may be conducted in another way. We may
mix together in a porcelain crucible 5 parts of carbonate of
potash and 4 parts of carbonate of soda, amounting together to
twice the weight of the chloride of siJver to be analyzed.
This quantity, reduced to powder, is intimately mixed with
the carbonates. By applying the heat of a spirit lamp with a
circular wick, the silver is reduced with the evolution of car­
bonic acid gas. We dissolve out the alkalies, and saturate
them with nitric acid; we then throw down the chlorine which
they contain by nitrate of silver. The chloride washed, dried,
and fused, gives os the weight of the chlorine. This chloride,
if the assay was pure, ought to weigh just as much as the
quantity experimented OD.

Should chloride of mercury occur in the mineral kingdom,
88 it is said to do, it is easily analyzed by digesting it with a
solution of caustic potash or soda. The filtered solution con­
taios the chlorine. We haTe only to saturate it with nitric
acid, and throw the chlorine down b, uitn.te a~ 'A\\,~'t ..



484 'ANALYSIS OF OXIDES.

The mercury might be estimated from the weight of the
oxide. The only chloride likely to occur is calomel, from
which potash separates suboxide of mercury, composed of 25
mercury and 1 oxygen. But it is more accurate to estimate
the mercury by putting another portion of the chloride, pre­
viously reduced to powder, into a fla4Jk, and pouring over it

· first a qUSlntity of muriatic acid, and afterwards of protochloride
of tin. This mixture is heated to the boiling point, and tbeD
set aside to coo), after being well corked up. The mereury is
thrown down in the metallic state, fint as a black powder, bat
which runs into globules when heated with muriatic acid. It
is to be carefully dried and weighed.

CHAP. VIIL

ANALYSIS OF OXIDES.

THE number of minerals existing composed almost entirely of
one or more metallic oxides united together, is very consider­
able, and the processes requisite differ so much, according to
the nature of the metallic oxide present, that we must treat of
each metal separately.

Sect. 1. Ozide8 cif Iron.
Iron combines with two different proportions of oxygen, and

forms two oxides; the protoxide is black, or rather very deep
blue, and is a compound of 3·5 iron and 1 oxygen, so that its
atomic ·weight is 4·5. It nowhere occurs pure in the mineral
kingdom, but it is found in combination with the peroxide of
iron, constituting the well known ore called mag1retic iron ore.
Ffhe peroxide of iron is red, and is composed of 3·5 iron and
1·5 oxygen, so that its atomic weight is 5. It occurs in the
mineral kingdom in a pure state, and likewise in combination
with water, constituting various species, formerly confounded
under the name of hematite.

Mafl'lletic iron ore, which is a compound of protoxide and
peroxide of iron, requires, to render it soluble in muriatic acid,
to be previously fused with thrice its weight of anhydrous
carbonate of soda. If we digest the fused mass in water till
every thing soluble is taken up, the iron ore will remain in a
state fit for solution in mUt\at\e &eid. '[0 the solution add a
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little nitric acid, and digest for some time, in order to peroxi­
dize the iron. Concentrate the solution nearly, but not quite,
to dryness, to drive off as much of the excess of acid 88 possi­
ble. Then dilute with water, neutralize with ammonia, and
precipitate the peroxide of iron by benzoate of ammonia.
The precipitate being collected, washed, dried, and ignited,
gives the weight of peroxide of iron from the portion of ore
analyzed. If the ore be pure nothing will'remain in solution
after the iron is thrown down.

Suppose that the weight of magnetic iron ore (after ignition)
experimented upon is 29 grains, and that we obtain when we
precipitate it by benzoate of ammonia 30 grains of peroxide.
It is clear from the increase of weight that the iron during the
digestion with nitric acid had combined with an additional dose
of oxygen. Thirty grains of peroxide of iron are composed
of

Iron,
Oxygen,

21
9

30
Now, 21 iron is equivalent to 6 atoms, the atomic weight of
iron being 3·5; and 9 being equivalent to 9 atoms of oxygen,
it is obvious that in the peroxide of iron every atom of the
metal is united to l~ atoms oxygen. But in the ore the metal
was combined with only 8 atoms oxygen, as the original
weight was only 29. It is obvious that in the ore 4 atoms of
iron were combined with 1~ atoms of oxygen, and two with
1 atom; or which is tbe same thing, the ore is a compound of
2 atoms peroxide of iron and 1 atom of protoxide, for protoxide
of iron is a compound of 1 atom iron and 1 atom oxygen.

Fuchs has shown that carbonate of lime has the property of
precipitating the peroxide of iron from its solution, but not
the protoxide. Hence it may be employed to separate the
two oxides from each other. Liebig has found that carbonate
of magnesia answers better than carbonate of lime, because it
forms a double salt with protoxide of iron, and thus prevents
it from falling down when it absorbs oxygen.·

Specular iron ore is wholly composed of peroxide of iron.
It requires, like the preceding mineral, to be fused with car­
bonate of soda, to render it soluble in muriatic acid. But
when \\"e precipitate the iron, wash it, dry it, and expose it to

. .. Ann. de Chim. et de 'P\\~~. U~\\,. 'l~\).
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a red heat, no increase of weight takes place. Frequently
this ore of iron is mixed with variable quantitiee of earthy
matter. The analysis of luch impure specimeDs is to be eoo­
dueted precisely in the way described in the early part of this
work, when the method of analyzing stooy bodies was detailed.

The analysis of mangalluian irOll on and Frtlflldiaite are
eonducted precisely on the same principles. The ore is
rendered 80luble in muriatic acid by fusing it with carbooate
of soda. The water in the mineral is determined, and the
silica separated by the rules already laid down. 'IDe iron
(which is in the state of peroxide) is thrown down by benzeate
of ammonia, and the manganese by chloride of lime Baturateer
with chlorine, or at least containing no exce&I of lime. Six
grains of this precipitate, which is red, after ignition is equiYB­
valent to 4~ grains of protoxide of manganese.

After the separation of the iron and manganese nothing
remains but the zinc, which is thrown down from the solu­
tion raised to the boiling temperature by the addition of car­
bonate of soda.

The Aydrou8 peroxide of iron, or hematites, as they were
formerly called by mineralogists, are analyzed in the same
way, taking care in the first place, to d~termine the quantity
of water, by the methods already explained.

Sect. 2. Ozides of llIallganese.
Manganese never occurs in the mineral kingdom except in

the state of oxide. The protoxide is only met with when the
mineral consists of a salt; the sesquioxide and the binoxide
occur both in a separate state, and variously united with each
other, and with water. Some of these ores of manganese
contain also barytes, in a state of chemical combination with
the deutoxide of manganese, which appears to act the part of
an acid. Nearly the same method of analysis is to be applied
to them all.

100 grains, or (better) 200 grains of the ore broken into
small fragments, are put into a small green glass or porcelain
retort, to the beak of which is luted a glass tube, the internal
cavity of which is about half an inch in diameter, and the
length of the tube is about 12 inches. This tube is filled with
fragments of fused chloride of calcium, kept in their place by a
little amianthus or cotton inserted into the two extremities of
the tube. The retort, with its contents, and likewise this
glass tube, must be pl'ev\()u~\~ Vl~\~\\.~a.. ~ ~\'t\\'\\~ ,~d.. neat
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is now applied to the retort, and it is kept ill this state of
ignition for about an hour. The retort, with its contents,
including the tube filled with chloride of calcium, are now
weighed. The di~iDution of weight indicates the oxygen
gas which has been driven off from the manganese ore. The
tube with the chloride of calcium being now weighed, the
increase of weight indicates the water expelled from the ore.

Another portion of the ore is to be digested in muriatic
acid till complete solution takes place. The solution being
evaporated to dryness, and re-diuolved in water acidulated
with muriatic acid, leaves the silica, which is collected Bnd
estimated io the usual manner. The solution thus freed from
silica, is tested for iron aDd for barytes. Should iron be
found, it must be peroxidized and thrown down by benzoate
of ammonia. Should barytes be present, (which is a pretty
common occurrence,) it may be thrown down by sulphate of
soda or sulphate of ammonia, or even by sulphuric acid. The
sulpbate of baryte. i& to be washed, dried, ignited, and
weighed_ From it we easily deduce the quantity of barytes
contained in the ore under examination.

l'he manganese may be precipitated by caustic ammonia,
washed, dried, and ignited_ It is in the state of red oxide,
every 4:-833 grains of wbich are equivalent to 5 grains of
sesquioxide, and 4-5 grains of protoxide.

00 comparing the weight of the manganese extracted with
that of the ore examined, making allowance for the water,
silica, and barytes, obtained, it is easy to see in what state of
oxidation the manganese existed. For example, if the oxygen
evolved when added to the red oxide obtained, will just con­
vert the whole into sesquioxide, it is obvious, that in the ore
the manganese was in the state of sesquioxide. H the red
oxide and oxygen together, convert the manganese into 4eu­
toxide, then deutoxide is the state of oxidation of the man­
ganese in the ore_ Most frequently the manganese is not
wholly in the state of sesquioxide nor of deutoxide, but inter­
mediate between protoxide and sesquioxide, or between sea­
quioxide and deutoxide. The quantity of red oxide obtained
and of oxygen evolved, is always sufficient to enable U8 to
determine the exact state of the oxidizement of the manga­
nese, remembering that the atomic weights of these bodies are
as follows :-

Manganese, 3-5
Protoxide, 4t-~



488 ANALYSIS OF OXIDES.

Sesquioxide, • 5
Red oxide, 4·833
Deutoxide, 5-5

When oxide of manganese and oxide of zinc occnr together,
88 they do in red zinc, we dissolve the mixture in muriatic
acid. The solution may be divided into two equal pOrtioDl.
From the ODe we precipitate the oxide of manganese by
means of chloride of lime, and from the other the oxides of
zinc and manganese together, by heat and carbonate of soda..
The precipitate being washed, dried, and strongly ignited, is
a mixture of oxide of zinc and red oxide of manganese. The
knowledge of the quantity of manganese precipitated from
one half of the liquid by means of chloride of lime, will enable
U8 to deduce the weight of zinc in the second precipitate.
This being deducted from the original weight of the ore,
(supposing nothing else present) gives the weight of the oxide
of manganese. And as we know how much manganese exists
in' the ore, we can easily infer the state <?f its oxidizement.

Sect. 3. Ozides ofLead. •
The protoxide of lead and also the sesquioxide, have been

met with in the mineral Iiingdom_ Should these minerals, or
at least, the first of them, contain carbonic acid, the quantity
may be determined by putting 100 or 200 grains of the ore
into a small porcelain retort, to which a tube with chloride of
calcium is luted. A red heat will drive off the carbonic acid,
and the diminution of weight sustained by the retort and tube,
gives the weigbt of carbonic acid driven off. The increase in
the weigbt of the tube witb chloride of calcium gives the
quantity of water in the ore.t

Another portion of the ore may be reduced to a fine pow­
der, and digested with potash or soda ley. The oxide of lead
will be dissolved. What remains is impurity, consisting usn-

• When oxides of iron, and manganese, and magnesia, occur together,
they may be separated by the following method first suggested by Stromeyer :
Let the iron be peroxidized. Throw it down by means of bicarbonate of
powh. Render the residual liquid acid, dilute it, and pass a current of
chlorine through it, then add bicarbonate of potash. The manganese falla
in the state or binoxide. Care must be taken to add the bicarbonate slowly
as long as a precipitate falls. The magnesia may now be precipitated by
phosphate of soda and caustic ammonia. See Poggendorff's Annalen, xi.
170.

t When the red oxide of lead is neated in this way, the loss of weight is
ow"ing to the evolution or o1ygen ~, l\~\ at ~\\X\)~l.\.\.~ ~~\.q ~~,
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ally of oxide of iron, silica; lime, and perhaps alumina. This
residue is to be analyzed by the rules already laid down in
the first division of this treatise. The alkaline solution is
neutralized by nitric acid, and the 'oxide of lead thrown down
by sulphate of ammonia. The sulphate of lead, washed, dried,
and ignited, is to be weighed. H we multiply the weight by
0-737, the product will indicate the weight of protoxide of
lead which it contains. Knowing the weight of protoxide of
lead, it is easy to deduce that of sesquioxide, for every 14
grains of protoxide are equivalent to 141 grains of sesquioxide
of lead.

The sulphate of ammonia does not throw down the whole
of the lead: a little escapes and still remains in the liquid. If
we evaporate the solution to dryness and ignite the residue,
and then dissolve it in water, a portion of this lead will be
separated in the state of sulphate, but not the whole. The
best way therefore, is to throw down this residue by means of
sulphuretted hydrogen gas. The precipitate when washed,
dried, and ignited, is sulphuret of lead, every 15 grains of
which is equivalent to 14 grains of protoxide, or 14-5 grains
of sesquioxide of lead.

Sect. 4. Ozide of Tin.
The only oxide of tin found native is the peroxide, cODsti­

tuting an exceedingly hard heavy ore, having the diamond
lustre, and a brown or black colour. It is quite insoluble in
acids, even when reduced to a very fine powder_ Nor does it
become soluble though fused with carbonate of soda. But if
we mix it with five times its weight of caustic potash or soda,
and ignite the mixture in a silver crucible furnished with a close
cover, for half an hour, we obtain a mass which has usually a
green colour, and which may be dissolved in muriatic acid.
H the tinstone was pure, the solution is generally complete.

Tllrough the muriatic solution rendered as neutral as possi­
ble by concentration and subsequent dilution with water, a
current of sulphuretted hydrogen is passed as long as any
precipitate falls. The yellow-eoloured precipitate is collected
on a filter, washed, and digested in aqua regia till it is com­
pletely dissolved. The oxide of tin is now thrown down by
caustic ammonia, washed, heated to redness, and weighed.
Ammonia does not throw down the whole of the oxide of tin.
But if we add succinate of ammonia, and leave the mixture fot
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lOme time at rest, the whole peroxide of tin remaining in the
liquid is precipitated. It may be ignited and weighed, and
the weight added to that of the peroxide previously obtained.

The liquid from which the peroxide of tin has been preci..
pitated by sulphuretted hydrogen, is now to be examined.
Let a little nitric acid be added to it, and let the whole be
digested for some time to peroxidize the iron which it always
contains. Let the liquid be DOW neutralized and precipitated
by benzoate of ammonia. Collect the precipitate, wash it,
ignite it, and weigh it. Let it then be digested in muriatic
acid; if it dissolve completely, it is pure peroxide of iron. H
it leave an insoluble residue, which is often the case, subtract
the weight of this residue from that of the whole ignited pre­
cipitate; the remainder is the weight of peroxide of iron.
The insoluble residue is usually peroxide of tin. This is
easily determined by mixing it with some carbonate of aoda
and borax, and fusing it before the blowpipe on charcoaL H
it be oxide of tin, that metal will be reduced and a globule of
tin obtained.

The liquid freed from iron and tin may still contain oxide
of manganese. Add to it a quantity of sulphohyd1'8te of
ammonia, and set it aside in a phial furnished with a ground
stopper. H manganese be present, a reddish 0.- yellowish
precipitate gradually falls. Collect this precipitate, wash it,
and dissolve it in muriatic acid. Raise the solution to the
boiling temperature, and throw down the oxide of manganese
by carbonate of soda. The precipitate collected, washed,
dried, and strongly ignited, is red oxide of manganese, every
4-833 grains of which are equivalent to 4·5 grains of protoxide,
and 5 grains of selquioxide.

Sect. 5. Oxide qf Bisnnuh.

Bismuth is found much more abundantly in the metallic state
than in any other; yet the oxide of bismuth has been met
with in the mineral kingdom, sometimes isolated, or nearly
10, and sometimes united to carbonic acid.

Oxide of bismuth must be dissolved in nitric acid. After
rendering the solution 88 neutral as we can by concentration,
we add a quantity of acetic acid, and then dilute witb water.
A current of lulphuretted hydrogen gas is then passed through,
till the whole bismuth is precipitated in the state of sulphuret.
The sulphuret is dissolved in nitric acid, and the oxide of
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bismuth tbrown down by carbonate of ammonia. The preci­
pitate washed, dried, and ignited, is pure oxide of bismuth.

The liquid from which the bismuth hal been precipitated
by 8ulphuretted hydrogen, is to be digested with some nitric
acid, after having driven off the excess of sulphuretted hydro­
gen. It is then to be neutralized and thrown down by ben­
zoate of ammonia. The precipitate after ignition gives the
quantity of peroxide of iron contained in the ore.

These are the only substances said to exist in oxide of
bismuth. Should it leave an earthy residue it may be ana­
lyzed by the rules already laid down.

Sect. 6. Ozides of Copper.
Both the oxides of copper occur native. The red crystal­

lized, and in a state of great purity; the black usually mixed
with oxide of iron. The· analysis of both is exceedingly easy.
The red oxide may be digested in muriatic acid, and to the
solution nitric acid may be added till it has assumed the
usual green colour which characterizes the solution of black
oxide of copper in muriatic acid. We may then test the
IOlution for iron, or any other impurity which may be sus­
pected, and if nothing be found we neutralize the solution
and throw down the oxide of copper with caustic potash.
When this oxide is weighed after ignition, every 5 grains of
it are equivalent to 4! grains of red oxide of copper. Or the
red oxide is equivalent to nine-tenths of the black oxide
obtained.

The analysis of the black oxide is to be conducted in the
same way. Only the iron must be precipitated by benzoate
of ammonia. And should alumina, silica, or lime, be preseDt,
88 may occasionally be the case, they are to be separated
and analyzed in the usual way.

Sect. 7. Ozide, ofArsenic.
Both arsenious and arsenic acid occur in the mineral king­

dom, sometimes in a separate state, but more frequently
united with bases. Our business here is only with these
bodies when in a separate state.

Arsenious acid may be dissolved in aqua regia, and precipi­
tated in the state of sulphuret by a current of sulphuretted
hydrogen gas. The precipitate is to be washed upon a filter,
and dried in a gentle heat. This sulphuret is analo¥;<\\l1\~
arsenious acid, every 7l grain. of it be\n~ ~t\u\,~~~"\l\ ~'\
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grains of arsenious acid. But it is apt to contain an excess
of sulpllur, in consequence of the decomposition of some of the
sulphuretted hydrogen. On that account it is better to
determine its composition by analysis. Put a portion of it
into a flask, and digest it cautiously with aqua regia till the
sulphur collects into lumps, separate the sulphur, wash it,
dry it, and weigh it. The liquid contains a portion of the
sulphur converted into sulphuric acid. Throw it down by
chloride of barium, and determine its weight. From this the
weight of the sulphur which it contains is easily deduced.
Subtract the weight of the sulphur from that of the sulphuret
analyzed, the remainder gives the weight of the arsenic.
And every 4·75 grains of metallic arsenic are equivalent to
6! grains of arsenious acid.

Arsenic acid may be precipitated in the same way by luI­
phuretted hydrogen gas. But the process is a good deal

, more tedious. Every 9-75 grains ~f the precipitated 8ul­
phuret are equivalent to 71 grains of arsenic acid. But it is
better to determine the weight of sulphur contained in this
8ulphuret, from which the weight of the arsenic is deduced as
before. And every 4·75 grains of metallic aneDic are equi­
valent to 7i grains of arsenic acid.

Berthier has proposed another way of determining the
quantity of arsenic acid when in solution, which may be
frequently practised with advantage, and therefore deserves
to be described here :-A quantity of iron (as pure as possible)
is dissolved in nitric acid, and the solution is mixed with the
liquid containing the arsenic acid. The process succeeds very
well though the solution contains nitric acid, muriatic acid, or
sulphuric acid. It may contain also fixed alkalies, or indeed
any base which does not form an insoluble salt with arsenic
acid, sulphuric acid, or muriatic acid, and which is not pre­
cipitable by ammonia, either by itself or in combination with
any of the acids present in the liquid.

To the mixture ammonia is added in excess: the peroxide
of iron falls down in combination with the arsenic acid. It is
better that a considerable excess of iron should be present, so
as to form a subsalt, for the neutral ar~eniated peroxide of
iron is very gelatinous and difficult to wash. l"he precipitate
is to be washed on a filter, dried, and very cautiously heated
to ignition. If it were very rapidly ignited, and ammonia be
present in it, (as is often the case, the precipitate being
an ammonia-subsesClu\\ltsen\ate ()\ \l()\\~ \\\.~ \\.U\U\\')"'\~ ..\)~\~
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act upon the arsenic acid, and convert it into arsenious acid,
which would be driven off by the heat. The precipitate, after
strong ignition, is to be weighed. Knowing the weight of
iron employed, we have the quantity of peroxide of iron
present. This being deducted from the weight of the preci­
pitate, the remainder is the amount of arsenic acid.

The only objection to this method of Berthier is the im­
possibility of obtaining iron perfectly pure. We cannot err
very much if we allow' half a per cent. of impurity, and reckon
only 99-5 grains for every 100 grains of iron that we employ.
According to this mode of estimating, 100 grains of iron yield
142-143 grains of peroxide. Knowing the weight of peroxide,
it is easy to deduce that of the arsenic acid.

When arsenious, or arsenic, acid is in a solution with bodies
not precipitable by sulphuretted hydrogen, we can easily
throw down these acids by means of a current of that gas.
We begin by rendering the solution slightly acid, and then
the current of gas is continued till the liquid is saturated.
We then expose it to a gentle heat till the smell of sul­
phuretted hydrogen vanishes. The precipitated sulphuret is
collected on the filter, and the quantity of arsenic which it
contains estimated in the way already explained. In this way
these acids may be separated from potaaA, soda, lithia, baryte8,
strcmtian, lime, magnesia, alumina, and tAe otAer eartlls, man­
ganese, iron, zinc, cobalt, nickel, uranium, titanium, and
cAromium.

When the bases with which these acids are combined are
precipitated by sulphuretted hydrogen gas, we must employ
sulphohydrate of ammonia to separate them. We must render
the solution ammoniacal, and then add an excess of sulpho.
hydrate of ammonia-The whole is put into a well closed
ftask, and digested for some time in a gentle heat. The bases
are thrown down in the state of sulphurets, while the arsenic
is held in solution. We filter to separate the precipitate, and
to the filtered liquid add an excess of muriatic acid, and digest
till the smell of sulphuretted hydrogen is dissipated. The
sulphuret of arsenic precipitates, and is collected and analyzed
in the way already explained.

In this way arsenious and arsenic acid may be separated
from cadmium, lead, bismuth, copper, mercury, and silver. The
same method may also be followed, if we think proper, to
separate these acids from oxides of manganese, iron, zinc,
cobalt, &c. For all these oxides ate c01\ve.lie.n \~\() %\).\~~""~~~
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and precipitated by sulpbohydrate of ammonia. Nor. there
any reason why it may not be employed to separate the .me
acids from alkalies and earthy bodies.

We cannot separate arsenic acid from metallic oxides by
precipitating tbese oxides by means of caustic potash or aoda,
because a portion of tbe arsenic acid always fall. down in
combination with the oxide, and no excess of alkali, even
assisted by long continued digestion, is capable of preventing
this. The method therefore of analyzing arseniates of copper
practised by Klaproth and Chenevix, could not be exact.

Sect. 8. Oxide ofAntimony-
Tbe protoxide of antimony is found in the mineral king­

dom, though it is rather a scarce mineral. It may be easily
recognised by the characters already given in a former part of
this treatise, especially by the action of the blowpipe. When
we wish to analyze it, the best method of proceeding is to
dissolve it in muriatic acid, and throw it down by a current
of sulphuretted hydrogen. The solution after saturation is
left in a warm place till the smell of sulpburetted hydrogel!
vanishes. For the whole 8ulphuret of antimony does not fall
as long as there is any sulphuretted hydrogen in the liquicL
We then collect the sulphuret of antimony on a weighed filter,
wash it well, and dry it in a gentle beat. After the 8u)phuret
is dry, we must take a small quantity of it and digest it in con­
centrated muriatic acid. If it dissolve completely with the
evolution of sulpburetted hydrogen gas, then the sulphuret is
a compound of 3 sulphur and 8 antimony, so that every 11
grains of it are equivalent to 8 grains of antimony, or 9f
grains of protoxide of antimony. But if it leaves a portion of
sulphur undissolved, \lye must infer that it is a mixture of
various sulphurets, and must subject it to analysis, in order
to determine its composition.

For this purpose we may put a quantity of the 8ulphuret
into a glass spherule blown in the middle of a tube. To one
extremity is attached an apparatus for generating hydrogen
gas, and a tube filled with dry chloride of calcium, through
which it must pass. As soon as the apparatus is filled with
hydrogen gas, heat is applied to the sulphuret in the spherule.
The sulphur is converted into sulphuretted hydrogen gas, and
gradually dissipated, while the antimony is reduced. We
weigh the antimony, and subtracting the weight from the
quantity of 8ulphuret subiee\~~ \a ~"a\,!'t.~ we have the
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weight of the sulphur, and thus know the composition of the
sulphuret of antimony.

Or we put a determined portion of our sulphuret of anti.
mony into a flask, and pour upon it very cautiously fuming
nitric acid by a small quantity at :1 time. When a sufficient
quantity of nitric acid has been added, we pour into the flask
concentrated muriatic acid, and digest till the whole is dis­
solved. To this solution add tartaric acid to prevent the
precipitation of the antimony when it is diluted, then throw
down the sulphuric acid by chloride of barium. }"rom the
weight of the sulphate of barytes obtained, we deduce that of
the sulphuric acid, which gives us that of the sulphur. The
weight of the sulphur subtracted from that of the sulphuret
employed gives us that of the antimony; and thus the com­
position of the sulphuret is known.

Sect. 9. Oxide qf Chromium.

I am Dot certain that the oxide of chromium has hitherto
been met with in the mineral kingdom in an isolated state,
though that such a mineral species may be met with hereafter
is not unlikely. But this oxide occurs as an essential consti­
tuent of chromeiron ore, a mineral of great importance, because
it is from it that all the chromate of potash, 80 much employed
in calico printing is procured. Its essential constituents are
green oxide of chromium, peroxide of iron, and alumina.

To analyze it, the best way is to reduce it to powder, and
to mix it with thrice its weight of caustic potash and saltpetre
and fuse the mixture in a silver ·crucible. By this fusion the
oxide of chromium is converted into chromic acid. Digest
the fused mass in water till every thing soluble is taken up.
rrbe solution has a yellow colour, and is a combination of
chromic acid with a great excess of potash. Saturate the
alkali with acetic acid, and throw down the chromic acid by
acetate of lead. 1;he precipitate, when washed, dried, and
ignited, is composed of 14 parts of lead, and 6·5 of chromic
acid. Hence every 20·5 grains of the ignited precipitate
contain 6·5 grains of chromic acid equivalent to 5 grains of
green oxide.

Before throwing down the chromic acid it is better to add
a slight excess of carbonate of ammonia, which throws down
the alumina. When washed, dried, and ignited, it is to be
weighed, and then dissolved in muriatic acid to separate a
little silica, which is usually present.
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The portion of the matter which does not dislolve in water
consists chiefly of peroxide of iron. It is to be disIolved in
muriatic acid, and after being neutralized the peroxide of iron
is thrown down by benzoate of ammonia. Being washed,
dried, and ignited, it cODsists of nearly pure peroxide of iroD.
When re-dissolved in muriatic acid it IOmetimes leaves a little
silica.

The liquid thus freed from iron may be tested by carbonate
of ammonia to see whether it contains any other substance. I
have always found that when it is diluted with water it lets
fall a small quantity of white matter, seemingly a salt, bot
existing in such minute quantity that its nature could not be
determined.

Instead of throwing down the chromic acid by means of
acetate of lead, we may reduce it again to the state of green
oxide. The method of proceeding is this :-We cautiously
add muriatic acid to the potash solution of chromic acid till
there is an excess of acid, and boil the liquid in a flask till
the chromic acid is redueed to green oxide. We then add
ammonia, which throws down the oxide. We collect it on •
filter, wash it, dry it, expose it to a red heat, and determine
its weight.

Sect. 10. Oxide of UraniufL
Tbe only mineral containing oxide of uranium in an UD­

combined state is pitchblende, which is rather a mixture than
a chemical compound. For not merely the proportion&, but
even the constituents vary in different specimens, as has been
explained, when describing the ore in the first part of this
work.

Uranium in the metallic state has only been obtained as a
brown powder destitute of the metallic lustre. It forms two
oxides. The protoxide is of a dingy grey colour, and the
peroxide, or uranic acid, has probably a yellow colour, at
least all the compounds which it forms are yellow. The
protoxide after ignition is hardly soluble in muriatic acid, but
it dissolves easily in nitric acid, and in concentrated sulphuric
acid, when assisted by heat. The sulphated protoxide of
uranium exhibits the following characters to reagents:-

( 1.) Potash throws down a bulky brown precipitate, not
soluble in an excess of the precipitant.

(2.) Ammonia thro\\'s down a dark brown precipitate, also
insoluble in an excess o{ att\U\()\\\a. The uQQer surface of
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this precipitate, after a considerable interval, become8 yellow,
being converted into peroxide.

(3.) Carbonate of potash throws down a dingy green preci­
pitate, soluble in a great excess of the carbonate. Bicarbonate
of potash and carbonate of ammonia act in the same manner,
only the precipitate is more readily dissolved than when car­
bonate of potash is the precipitant.

(4.) Phosphate of soda, when the solution does not contain
too much acid, throws down a dirty greenish-white precipitate.

(5.) Oxalic acid throws down a dirty greenish-yellow pre­
cipitate, even when the solution contains a considerable excess
of acid.

(6.) Prussiate of potash throws down a reddish-brown pre­
cipitate.

(7.) Sulphuretted hydrogen occasions no precipitate, but
sulphohydrate of ammonia throws down a black precipitate,
provided the solution does not contain too much free acid.
The precipitate is insoluble in an excess of 8ulphohydrate of
ammonia.

When the peroxide of uranium is exposed to a red heat it
is converted into protoxide, and assumes a dark green colour.
When peroxide of uranium is thrown down by potash or soda
the precipitate contains a quantity of the alkali, and assumes
an orange-yellow colour when heated to redness.

The solution of peroxide of uranium in nitric acid has a
greenish-yellow colour. The action of reagents upon this
salt is as follows:-

(1.) Potash throws down a yellow precipitate iosoluble in
an excess of the precipitalJL Ammonia acts in the same way.

(2.) Carbonate of potash throws down a yellow precipitate,
soluble in an excess of the carbonate. Bicarbonate of potash
and carbonate of ammonia act in the same way. When these
solutions, witb excess of alkaline carbonates, are kept, a yellow'
precipitate falls.

(3.) Phosphate of soda throws down a white precipitate
with a tint of yellow, provided the solution does not contain
too large an excess of acid.

(4.) Prussiate of potash throws down a reddish-brown pre­
cipitate, very characteristic of uranium.

(5.) Sulphuretted hydrogen occasions no precipitate; 8ul­
phobydrate of ammonia throws down a brown precipitate,
provided tbere be no considerable excess of acid.

(6. ) When heated with biphosphate of soda \)~iat~~~\)\.a,.-
11. 2 It
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pipe the globule &l8umes in the outer flame a yellowish colour,
inclining to green. On cooling the colour changes entirely to
green. When the bead is melted by the interior ftame the
colour is green; when fused with borax the colours are nearly
the same.

CHAP. IX.

ANALYSIS OF SULPHURETS AND SULPHUR SALTS.

SULPHUR oecun in the mineral kingdom combined with iron,
manganese, nickel, cobalt, molybdenum, lead, tin, ZlllC, bi&­
muth, copper, mercury, and silver, and with some of these
metals in more than one proportion. It constitutes also one
of the constituents of the sulphur salts of iron, of lead, of
copper, and of silver. We must point out the methods of
analysis to be followed with all these numerous compounds.

Sect. 1. SulpAurets of Iron.

There are three combinations of iron and sulphur which are
found in the mineral kingdom, namely, magneticpgritu, biIul­
phuret qf iron, or common pyritu, and radiated pyritu, but the
method of analyzing them is the same for all.

The mineral to be subjected to analysis must be reduced to
powder and put into a glass flask; into the mouth of this fiask
B funnel is put, and strong fuming nitric acid is added by little
at a time, waiting always till the action of the first portion is
at an end before an additional portion is added. I t is best to
place the fiask upon hot sand to promote the action. When
this process is rightly followed the whole sulphur is converted
into sulphuric acid, while at the same time the iron is peroxi­
dized. We then dilute the whole with water, and, if necesSary,
add a little muriatic acid to dissolve the peroxide of iron
completely. The peroxide of iron is then precipitated by
ammonia, washed, dried, ignited, and weighed. Every 5
grains of it are equivalent to 3·5 grains of iron.

The liquid thus freed from iron is neutralized by muriatic
acid, and the sulphuric acid which it contains is thrown down
by chloride of barium. We collect the sulphate of barytes on
B filter, and wasb it carefully with boiling water. The wash­
ing is a tedious process. I am in the habit of acidulating the
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water with a little nitric acid, which I consider as facilitating
the washing. From the weight of the ignited sulphate of
barytes it is easy to determine that of the sulphur by the
methods already explained.

It is not very often that the sulphurets of iron are analyzed
by means of fuming nitric acid. Dilute nitric acid is much
more frequently used. When we digest sulphuret of iron in
dilute nitric acid, the iron is peroxidized and dissolved long
before the sulphur is all acidified. When the sulphur has
concreted into lumps, and assumed its natural greenish-yellow
colour, we collect it on a weighed filter, wash it, and dry it in
a gentle heat. We then collect as much of it as possible into
a porcelain crucible, aod burn it all away. A small residue of
oxide of iron usually remains, amounting only to a fraction of
a grain. \Ve determine its weight, and then dissolve it in
muriatic acid. In general a minute quantity of silica is left;
which we determine and subtract from the weight of the oxide.
The muriatic solution must be tested by chloride of barium,
to ascertain whether any sulphuric acid be present. If there
is, we determine its amount, subtract it from the oxide, and
add the sulphur which it contains to the weight of the sulphur
previously found, less the weight of the residual oxide.

The liquid thus freed from sulphur is neutralized, and the
peroxide of iron thrown down by ammonia. After washing,
drying, and ignition, the amount of iron is determined as
before. We then throw down the sulphuric acid by chloride
of barium, and estimate the sulphur 88 before.

Magnetic pyrites is soluble in muriatic acid, and during the
solution sulphuretted hydrogen escapes. If the pyrites be
pure no sulphur is precipitated, and no sulphuric acid is ever
found in the solution. This shows clearly that magnetic
pyrites is a compound of 1atom of iron and 1atom of sulphur.

Common pyrites is insoluble ill muriatic acid; but if we
expose it to a red heat half the sulpbur is driven off, and the
residue, reduced to the state of magnetic pyrites, is soluble in
muriatic acid without a residue.

l'he analysis of radiated pyrites is to be conducted precisely
in the same way as that of common pyrites. No difference
between the constitution of the two species has been dis­
covered.

Native magnetic pyrites is combined usually with a variable
quantity of common pyrites: hence, when digested in muriatic
acid it is never completely soluble; and if the iron dissolve
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completely, a little sulphur will be left behind, showing that
the atoms of sulphur somewhat exceed those of iron.

Sect. 2. SulpAuret of Manganese.
Sulphuret of manganese may be analyzed exactly in the

same way as sulphuret of iron. The manganese is usually
obtained in the state of red oxide, every 4-833 grains of which
are equivalent to 3-5 grains of metallic manganese.

Arfvedson employed the following method to analyze this
mineral :-He roasted the sulphuret, previously reduced to
powder, till it ceased to undergo any alteration in weight.
This process is tedious. What remained was pure red oxide
of manganese,· every 4·833 grains of which are equivalent to
S·5 grains of metallic manganese. Knowing the weight of
the specimen subjected to analysis, and of the manganese
which it contained, it was easy to deduce that of the 8ulphur.t

Sect. 3. SulpAuret of Nic1lel.
The 8ulphuret of nickel may be analyzed in the same way

as the preceding sulphurets; or we may digest it in aqua
regia till every thing is dissolved but a little sulphur, which is
to be separated and estimated in the way already described
when treating of the 8ulphurets of iron. The solution is to
be precipitated by chloride of barium, and from the weight of
the sulphate of barytes that of the acidified 8ulphur determined.
The oxide of nickel is now to be. precipitated by caustic potash
or soda, and its weight estimated after ignition. Every 4·25
graius of it are equivalent to 8·25 grains of metallic nickel.

Seet. 4. SulpAuret of Cobalt.
'I"he only specimens of sulphuret of cobalt hitherto examined

by chemists contained, besides 8uJphur and cobalt, some copper
and some iron. Such a sulphuret may be analyzed by the
following method :-Digest it in dilute nitric acid till every
thing is dissolved except a little sulphur. Towards the end of
the digestion the .solution is facilitated by adding a little
muriatic acid. Separate the sulphur, and treat it in the way
already explained.

Through the solution pass a current of sulphuretted hydro­
gen till every thing precipitable by that reagent is thrown

• It contained merely a trace of iron.
t Kong. Vet_ Acad. Handl., 1822, p.435.
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down. By this process we separate the copper in the state of
sulphuret. This sulphuret is dissolved in a boiling heat in
nitric acid, except a little 8ulphur, whicb is separated by the
filter. The nitric acid solution is then mixed with an excess
of caustic potash or soda, and the black oxide of copper sepa­
rated. After ignition every 5 grains of it are equivalent to 4
grains of metallic copper.

The red cobalt solution thus freed from copper is to be
neutralized, and the peroxide of iron wbich it contains is to be
thrown down by benzoate of ammonia. 'I'he benzoate being
ignited leaves peroxide of iron, every 5 grains of which are
equivalent to 3·5 grains of metallic iron. Finally, the oxide
of cobalt must be thrown down by caustic potash or soda.
This oxide after ignition is composed of 3·25 cobalt and 1
oxygen, 80 that every 4·25 grains are equivalent to 3·25 grains
of metallic cobalt.

Sect. 5. SulpAuret ofMolybdenum.
The only combination of molybdenum and sulphur hitherto

met with in the mineral kingdom is molllbdena, or disulpAide of
molybdenum.

We cannot determine the quantity of sulphur in this mine­
ral by roasting, because the molybdenum makes its escape
during the procesl as well as the sulphur. The best way is
to put the quantity to be subjected to analysis, reduced to 88

thin leaves as possible, into a retort, and to pour over it mode­
rately strong nitric acid. This acid is to be distilled nearly
to dryness, and a new portion of acid being poured on, we
continue the process till the sulphuret has lost its appearance
and'is quite decomposed. We then (after dri-ving off most of
the acid) digest the residue in a sufficient quantity of caustic
ammonia, to dissolve the whole. From this solution, muriatic
acid throws down the molybdenum in the state of molybdic
acid. Every 9 grains of this when washed, dried, and ignited,
are equivalent to 6 grains of metallic molybdenum. From
the liquid thus freed from molybdenum, we throw down the
sulphuric acid by means of chloride of barium. The sulphate
of barytes being weighed after ignition, it is easy from it to
deduce the quantity of sulphur existing in the specimen sub­
jected to analysis.

Should sulphuret of molybdenum contain fragments of
quartz, as is sometimes the case, they remain llnd_a\.,,~\\.

when the matter in the retort is taken \\~ \)~ \\U\U\a\\~~..
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off. The residue was undecomposed ore, which was treated
as before with aqua regia, and the sulphur burnt off. These
processes were repeated till the ore was completely decom­
posed.

l'he liquid was mixed with chloride of barium, and the
sulphate of barytes being washed, dried, and ignited, its
weight gave the means of determining the quantity of sulphur
that had been acidified. This added to- the sulphur burnt off,
gave the whole weight of sulphur contained in the portion of
ore subjected to analysis.

The liquid thus freed from sulphuric acid, and afterwards
from barytes, was concentrated and mixed with a great exce88
of caustic ammonia, which retained the copper in solution but
threw down the tin and iron. The ammoniacal solution was
saturated with sulphuric acid, and the copper being precipi­
tated by an iron plate, was washed, dried, and weighed.

The mixed precipitate of oxides of tin and iron, was
digested in a solution of caustic potash, which dissolved in a
boiling heat the oxide of tiD, but left the oxide of iron. The
solution being filtered and saturated with muriatic acid, a
plate of zinc threw down the tin, which was washed, dried,
and weighed.

The iron was drenched in oil and heated to bring it to the
state of black oxide. It was found all to be attraCted by the
magnet. From its weight, that of the iron contained in the
ore was calculated.·

This method thou~h ingenious, and though considerably
better than the method at first followed by Klaproth, is Dot
susceptible of any great degree of accuracy.

Sect. 8. Sulphurets ofBismuth.
There are two minerals containing sulphur and bismuth

which have been met with in the mineral kingdom. The
first, biamuth glance, or BUlplruret of biB'llWf,/" and the second,
needle ore of binnutA, a very complicated ore, which, besides
bismuth and sulphur, contains also lead, copper, nickel, tellu­
rium, and gold.

Sulphuret of bismuth is rather a scarce ore, and so far as I
know, has beeD hitherto analyzed only by M. H. Rose. The
analysis is very simple. The pounded ore is digested in a
flask with concentrated nitric acid, till every thing is dissolved.
Carbonate of ammonia throws down. the oxide of bismuth. It

• Beitrage, ... ~~.
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is washed,. dried, ignited, and weighed. Every 10 grains of
it are equivalent to 9 grains of metallic bismuth. The sul­
phuric acid is precipitated from the liquid (after it has heen
rendered neutral by muriatic acid) by means of chloride of
barium. From the sulphate of barytes, the quantity of sul­
phur is determined in the way already explained.

Needle ore of lMmutA was analyzed by John, 81 long ago u
1808. He di8801ved it in nitric acid, and concentrated the
solution to get rid of the excess of acid. Being now diluted
with water, the oxide of bismuth was precipitated. It was
washed, dried, and ignited, and from its weight, that of the
metallic bismuth contained in the ore was deduced.

Sulphate of soda being poured into the blue liquid remain­
ing, the lead was precipitated in the state of sulphate. When
this sulphate is washed, dried, and ignited, if we multiply its
weight by 0·684, the product will give the weight of metallic
lead which it contains. .

The residual liquid was precipitated by an excess of caustic
potash. The precipitate was again re-dissolved in sulphuric
acid, and the copper thrown down by a bar of iron.

The ferruginous solution from which the copper bad heeD
thrown down, was mixed with an excess of carbonate of am­
monia, and the precipitate was washed repeatedly with fresh
doses of ammonia. A blue coloured solution was obtained,
which was concentrated, neutralized with sulphuric acid, and
a plate of iron was put into it. Some black Bocks were pre­
cipitated which possessed the characters of copper. The
liquid was now precipitated by carbonate of potash. The
precipitate being digested in ammonia, left a little oxide of
iron. The portion dissolved was considered to be oxide of
nickel, because it dissolved ill ammonia with a blue colour,
gave a green precipitate with prussiate of soda, and a yellow
with infusion of nut galls.

What remained undissolved by the nitric acid, after being
dried and weighed, was heated, sulphur burnt off, and its
weight was determined. .The residue was treated with nitro­
muriatic acid, which dissolved it, with the exception of some
quartz grains. Tbe solution being concentrated to get rid of
the excess of acid, and then diluted with water, yielded a
precipitate of oxide of bismuth. The liquid separated from
this precipitate had a yellow colour, and nitrate of mercury
threw down from it a small quantity of gold.-

• Gehleu's JaUTn-.\ <"t.~(\~~ ..n~,),~ .. C}.\\\\..
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This mode of analysis was scarcely capable of giving correct
results; but it will be better to delay giving any account of
the mode of analyzing these complicated ores till we come to
treat of the sulphur salts, because one general process may be
given which will apply to them all, and thus considerably
shorten the details.

Sect. 9. SulpAuret of Copper.
The only simple combination of copper and sulphur found

in the mineral kingdom, is glance copper, or diBUlpA'Uret of
copper. Besides copper and sulphur it contains a little iron,
probably in the state of bisulphuret.

The portion of this disulphuret intended to be analyzed is
digested with pretty strong nitric acid, or aqua regia on the
sand bath till the whole is dissolved, or till nothing remains
but sulphur concreted in lumps. This sulphur is separated,
washed, dried, and burnt off after being weighed, and any
residue is to be digested anew in nitric acid, or aqua regia,
till the whole be dissolved. The sulphuric acid is thrown
down from the liquid by chloride of barium, and the amount of
the sulphur which it contains determined as already explained.

From the liquid (previously deprived of any barytes that
may have been added in excess) we throw down the peroxide
of iron by benzoate of ammonia, taking care to neutralize it
exactly before adding the benzoate.

The copper now only remains which may be thrown down
in the state of black oxide by caustic potash or soda.

Sec. 10. SulpA'Uret qf Zinc.
There are two ores of zinc which contain sulphur. These

are blende or BUlpAuret of zinc, very seldom free from iron,
and Yoltzine or ozyaulpAuret qf zinc, containing sulphuret of
zinc, oxide of zinc, and" oxide of iron.

The mode of analyzing blende is precisely the same 81 that
of disulphuret of copper, only that the oxide of zinc must be
thrown down by carbonate of soda at a boiling temperature.

Nor is it necessary to point out any particular rules for the
analysis of Voltzine, which may obviously be conducted pre­
cisely in the same way.

The animal matter which this mineral contains is soluble in
weak muriatic acid. We must therefore begin the analysis

~:ndigesting the ore in weak muriatic acid. From this 801n­
"\the animal matter is thrown down in \U~ ,,\1\.~ \)\ """N~\Ro
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powder by diluting it with water. When this matter is
heated it melts. If we increase the heat it swells up and
leaves a charry matter, which when burnt leaves oxide of
zinc. Probably this oxide was thrown down in combination
with the animal matter.

Sec. 11. SulpAurel of Mercury.

The only combination of sulphur and mercury met with ill
the mineral kingdom is ci"nabar, which is a simple sulphuret.

It must be digested in a flask upon the sand bath, with
pretty strong aqua regia, for nitric acid is not capable of decom­
posing it. If the digestion be continued long enough the
whole sulphur is acidified. The sulphuric acid is thrown
down by chloride of barium, and the quantity of sulphur
determined in the way already explained.

We now pass a current of sulphuretted hydrogen gas
through the solution, till the whole mercury is precipitated in
the state of sulphuret. This sulphuret is collected and washed
on a weighed filter, and then dried in a gentle heat. Put
this sulphuret into a flask, and pour over it a little muriatic
acid. Then p888 over it a carrent of chlorine till the mercury
is changed into chloride, and the sulphur disengaged. Filter
off the chloride of mercury, after all the free chloriDe has
been dissipated, aud mix the liquid with a solution of proto­
chloride of tin. The mercury is thrown down in the metallic
state. It is to be washed, dried, and weighed.

Sec. 12. Sulphurets ofSilver.

'!'here are three ores composed of silver and sulphur.
Silver glance or common sulpAuret contains when pure nothing
but silver and sulphur. Butjlezihle sulphuret andS~
contain also metallic iron.

SuJphuret of silver is to be digested in pure nitric acid till
the sulphur appears in clots, and of its usual colour. We
then filter off the liquid, throw down the sulphuric acid formed
by means of nitrate of barytes, and estimate the sulphur as
already explained. .

The liquid thus freed from sulphuric acid is mixed with
muriatic acid, or sal ammoniac. '!'he silver taIls down in the
state of chloride. It is to be collected, washed, dried, fused,
and weighed. Every 18·25 grains of it are equivalent to
13-75 grains of metallic silver.

If the sulphuret ana\~~~~ c.a\\\a\.l\~~\"t~"\\,\\ ~\\'t~U\Uu. tn
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solution after the separation of the sulphur and silver. If we
are sure that nothing is present bll t peroxide of iron, we may
throw it down by caustic ammonia. Should any thing else
be suspected we precipitate the iron by benzoate of ammonia,
and then test· the residual liquid to determine whether any
other substance be present.

Sec. 13. The SulpAur Salts.
The mode of analyzing all the combinations of sulphur and

the metals has been explained in the preceding sections,
excepting the compounds which it forms with arsenic and
antimony. Now these combinations constitute sulphur acids,
which have the property of combining with other metallic
sulphurets as bases, and thus of forming what are called
sulphur Balts. The analysis of these sulphur salts is attended
with peculiar difficulties, which were first effectually overcome
by M. H. Rose; though Bonsdorff, Arfvedson, and above all
BerzeJius had previously pointed out what may be called the
theory of the proce88es.

The sulphur salts hitherto met with in the mineral king­
dom, and whose analysis will occupy our attention in this
section, are the following :-

I. Sulphur salts of iron.
1. Arsenical pyrite,; composed of sulphur, arsenic,

and iron.
2. BertAierite; composed of the same constituents,

with traces of zinc and some iron pyrites.
II. Sulphur salts of nickel.

1. Nickel glance j composed of sulphur, arsenic, and
nickel, with a little iron and trace of cobalt.

2. Sulp1w-afttimonite of nickel; composed of sulphur,
antimony, and nickeL

I I I. Sulphur salts of cobalt. .
I. Cobalt glance; composed of lulphur, arsenic, and

cobalt, with a little iron.
IV. Sulphur salts of lead.

1. Zinkenite; composed of sulphur, antimony, and
lead, with a little copper.

2. Plagionite; composed ofsulphur, antimony, and lead.
3. Jamesonite; composed of sulphur, antimony, and

lead, with some iron and copper.
4. FeatAer ore ofkad; composed of sulphur, antiman,

and lead, with some iron ann "'\l\~.
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5. Nagyag telluriUfll ore j composed of 8ulphur, anti­
mony, lead, tellurium, gold, and copper.

V. Sulphur salts of copper.
1. Yariegatetl copper ore; composed of sulphur, iron,

and copper.
2. Copper pyrite.; colJlposed of sulphur, iron, and

copper.
3. Bournonite j composed of sulphur, antimony, lead,

copper, and iroD.
4. Grq copper ore i composed of 8ulphur, antimony,

arsenic, copper, silver, iron, and zinc.
5. TenRantite j composed of sulphur, arsenic, copper,

and iron.
VI. Sulphur salts of silver.

I. Cupremu mlpAuret i composed of sulphur, copper,
and silver.

2. Brittle ,il"er glaftce j composed of sulphur, anti­
mony, silver, with a little copper.

3. Dar'" red Bilver ore; composed of sulphur, anti­
mony, and silver.

4. Miargirite j composed of sulphur, antimony, and
silver, with some copper and iron.

5. LigAt red Bilver ore j composed of sulphur, arsenic,
and 8ilver, with a little antimony.

6. Polybasite; composed of sulphur, antimony, arsenic,
silver, and copper, with a trace of iron.

From the preceding list it appears that the number or sul­
phur salts which have been met with in the mineral kingdom,
amount to 21 species. The· acid in all of these species except
two is either sulphide of arsenic, or sulpbide of antimony.
The bases are sulphurets of iroo, nickel, cobalt, lead, copper,
or silver. 1'he two exceptions are variegated copper ore and
copper pyrites, in which the constituents are sulphur, iron,
and copper. In them the sulphur is combined with two bases.
But it is probable that the sulphuret of iron acts in them the
part of an acid, and thus brings these two species under the
class of sulphur salts. But the mode of analyzing these two
species has been already given in the eighth section of this
chapter, while treating of the mode of analyzing disulphuret
of copper. We have only at present to treat of the mode of
analyzing the other 19 species, all of which contain sulphide
of antimony, or sulphide of arsenic, united to one or more

suJplJurets which act t\\C \\\\.t\ Q\ \\ \)\\1\~.
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Nickel glance may be digested in dilute nitric acid till every
thing be dissolved, except a portion of sulphur, which is
separated, washed, dried, and weighed. The liquid which
passes through the filter contains a quantity of sulphur con­
verted into sulphuric acid. This acid is thrown down by
chloride of barium, and the sulphur calculated from the sul­
phate of barytes in the way already explained.

The liquid thus freed from sulphuric acid must next be
freed from any barytes which it may contain by means of
sulphuric acid, and a current of sulphuretted hydrogen gas is
passed tbrough it till all the arsenic is thrown down. The
sulphuret of arsenic thus obtained may be dissolved in am­
monia, in order to get rid of a quantity of loose sulphur with
which it is always mixed. H we deduce the weight of the
sulphur thus separated from that of the original weight of the
precipitate, the remainder will be the true weight of the
sulphuret of arsenic. Every 7·75 grains of this sulphuret are
equivalent to 4·75 grains of metallic arsenic. But as the
quantity of sulphur combined with arsenic is apt to vary, the
best method of proceeding is to weigh out a portion of the
sulphuret of arsenic obtained, and to digest it in aqua regia
till the arsenic is acidified. Separate the sulphur remaining
and weigh it. Throw down the sulphuric acid formed by
means of chloride of barium, taking care that so much free
acid exists in it 81 will prevent the arsenic acid from being
thrown down, and determine the sulphur in the sulphate of
barytes obtained in the way already explained. Subtract the
weight of sulphur thus determined from that of the 8ulphuret
examined, the remainder will be the weight of the arsenic
which it contains.

From the liquid thus freed from arsenic drive off the suI­
phuretted hydrogen, and digest it with some nitric acid to
peroxidize the iron. Neutralize and throw down the peroxide
of iron by benzoate of ammonia. Finally throw down the
oxide of nickel by carbonate of soda, wash, dry, and ignite.
Every 4i grains of it are equivalent to 3·~5 grains of metallic
nickel.

A similar process will answer for analyzing the BUlplw­
antimonite ofnicAel, and for cobalt glance.

ZinAenite may be analyzed most accurately in the following
way:-A quantity of the ore in powder is put into a glass
bulb, connected with an apparatus by which dry chlorine gas
can be passed over it, and- the resu\\\n~ coU\~\)\).u~~\)~~~~~~
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by means of a glass tube into a covered vessel fillett with
water. Heat being applied to the bulb the sulphur and the
antimony pass over into the receiver in the state of chloride&.
The liquid in the receiver must consist of a weak solution of
tartaric and muriatic acids. If we persist in passing chlorine
into the receiver, the whole sulphur is at last acidified. Its
quantity is determined by throwing down the sulphuric acid
by means of chloride of barium, and estimating the sulphur
from the quantity of sulphate of barytes obtained. The anti­
mony is then thrown down by a current of sulphuretted
hydrogen gas, and the sulphuret of antimony is analyzed, and
the quantity of antimony determined in the way already
explained.

What remains in the glass bulb is a mixture of chlorides of
lead and copper. It may be dissolved in boiling water, and
the oxide of lead precipitated by means of sulphate of SodL

The sulphate of lead, after its ignition, contains f!ths, or
0·684 of its weight of metallic lead. The black oxide of
copper which alone remains may be thrown down by caustic
potash or soda, and its weight determined: ~ths of that weight
represent the quantity of metallic copper.

The method of analyzing plagionite, JfJfIIUORite, andfeatMr
ore of lead is precisely the same.

Nagyag tellurium ore, or the bliittererz of the French, may
be digested in dilute nitric acid. The lead and tellurium are
dissolved, and may be easily separated, for the oxide of tel­
lurium is thrown down by heating the solution, and the lead
may be obtained in the state of sulphate by means of sulphate
of soda. There remains undissolved the gold, antimony in
the state of oxide, and the copper and sulphur. Aqua r~a
will dissolve every thing except some sulphur and a little sul­
phate of lead. By burning off the sulphur, the quantity of
sulphate of lead may be determined. Dilution with water
will throw down the oxide of antimony. After washing and
ignition, every 10 grains of it are equivalent to 8 grains of
metallic antimony.

The acidified sulphur is precipitated by chloride of barium,
and estimated as already explained. The gold is precipitated
by nitrate of mercury, and the oxide of copper, by caustic
potash or soda.

The analysis of Bournonite, grey copper ore, and Tenna1ltite,
is conducted 80 nearly in the same way as that of zinkenite,
that no additional obsetva,\\a\\'& ~~~t\\ \\~~~.\\.'t, ..
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CupreOU8 aulpAuret of iron may be digested in nitric acid
till every thing is dissolved, except a few ftocks of sulphur,
which are to be separated and weighed.

The "silver is to be thrown down from the solution by means
of common sale, and the sulphuric acid by meaJUI of chloride
of barium. Nothing now remains in solutioD but the peroxide
of iron and the black oxide of copper. If we neutralize the
solution and heat it, the peroxide of iron precipitates, and may
be collected and weighed. Caustic potash or soda will throw
down the oxide of copper.

Brittle silver glmr.ce is to be treated with chlorine in the
same way as zinkenite, and the sulphur and antimony esti­
mated in the way already explained. What remains in the
glass bulb, is chloride of silver and chloride of copper. Water
dissolves off the latter and leaves the former. The oxide of
copper is thrown down by caustic of potash, and its weight
determined.

We may either estimate the quantity of silver from the
chloride in the way already explained, or we may reduce it
to metallic silver, by passing a current of dry hydrogen gas
over it in a glass tube or bulb, while we apply· heat. The
chlorine passes off in the state of muriatic acid, and metallic
silver remains.

The method of analyzing darA red ,ilver ore, ",iargarite,
light red rimer ore, and polgba8ite, is precisely the same, 80

that no additional remarks are necetJ88ry.

CHAP. X.

ANALYSIS OF MINERAL SALTS.

THE salts which occur in the mineral kingdom are very
numerous, indeed, by far the greater number of minerals con­
stituting real chemical compounds, may be considered as salts
more or less complex in their nature. But the term salt here
is limited to simple salts, or combinations of a single acid with
a lingle base; we lhall include also a few double salts, COD­

sisting either of ~ne base united to different acids, or of one
acid combined at once with two different bases.

The salts (omitting the salts of ammonia, potash, and soda)
hitherto observed in the mineral kingdom, constitute twelve
different sets, namely,
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1. Hydrates, 7. Vanadiates,
2. Carbonates, 8. Chromates,
3. Sulphates, 9. Molybdates,
4. Phosphates, ) O. Tungstates,
5. Arseniates, 11. Columbates,
6. Borates, 12. Titaniates.

The mode of analyzing each of these dUferent sets will be
explained in the following sections :-

Sect. 1. Analysis ofH,Idratu.
The ooly simple hydrates hitherto met with in the mineral

kingdom, are the following :-
1. Hydrate of magnesia,
2. Hydrate of alumina, or Gibbsite,
3. Bihydrate of alumina,
4. Dihydrate of alumina, or diaspore,
5. Dibydrous peroxide of iron,
6. Hydrous peroxide of iron.

The mode of analyzing them is exceedingly simple. We
first determine whether they contain water by heating a por­
tion over a spirit lamp in a glass tube shut at one end. The
water is driven off, and condenses on the cold part of the tube.
We examine it by tasting it, and by applying test paper to
know whether it contains any acid or alkali, or whether it be
quite pure. After this preliminary experiment, we put a
small quantity of the mineral, generally 100 grains, if we can
dispose of so much, into a small green glass, or porcelain
retort, to the extremity of which is luted a glass tube, filled
with fragments of fused chloride of calcium. The weight of
the retort is accurately determined, and also that of the glass
tube filled with chloride of calcium. We DOW expose the
retort to a heat gradually raised to redness, and keep it at that
temperature till the whole water is driven out of the retort, or
at least into the beak. The apparatus is then allowed to cool,
and the tube, with chloride ofcalcium, being weighed again, the
increase of weight indicates the water which it has absorbed.
Should any water (as often happens) remain in the beak of
the retort, we weigh the retort accurately and note down the
weight. We now raise its temperature as high as that of
boiling water, and pushing a glass tube open at both ends, as
far into the retort as it will go, we suck out the air with our
mouth, thus causing a current of air to pass through the hot
beak: the water is s\leeQ.\\~ c,a't~\eQ. \)\\~ \\.\\a.. '\.\\.~ \\~\\k becomes
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dry. We then weigh again; the difference between the two
weights gives the quantity of water drawn out. Tbe loss of
weight sustained by the mineral, compared with tlte water
thus obtained, enables us to know whether any thing else
besides water has been driven ofT. The only other volatile
matter likely to be driven ofT, is carbonic acid, the presence
of which would be. sho\vn by the effervescence which would
take place when a portio.n of the mineral is digested in an acid.

What remains in the retort after the water has been driven
off, is either magnesia, alumina, or peroxide of iron. It is to
be examined, and its nature ascertained by the rules formerly
laid down, when treating of the analysis of stony bodies.

Sect. 2. Analysi8 oj Carbonates.
"The carbonates at present known to exist in the mineral

kingdom, amount to about 18: namely,
1. Carbonate of barytes, 10. Carbonate of manganese,
2. Carbonate of strontian, 11. Carbonate of zinc,
3. Carbonate of lime, 12. Carbonate of lead,
4. Subsesqui-carbon. of lime, 13. Sulphato-carbonate of lead,
5. Baryto-carbonate of lime, 14. Cupreo-sulphatQ-carbonate
6. Carbonate of magnesia, of lead,
7. Hydro-carbonate of mag- 15. Carbonate of bismuth,

nesia, 16. Carbonate of copper,
8. Carbonate of iron, ] 7. Hydro-carbonate of copper,
9. Junkerite, 18. Carbonate of silver.

}"rom all ,of these carbonates, except the five first, the car­
bonic acid is driven off by a red heat. We have only to put
a given weight of them into a bottle glass retort, as described
in the last section, and lute to its beak a tube filled with frag­
ments of chloride of calcium. We then expose the retort to a
red heat, sufficiently strong and long continued, to drive ofT
the whole carbonic acid. We then allow the apparatus to
coo), and weigh the retort with its contents, and also the glass
tube with the chloride of calcium. The loss of weight indi­
cates the carbonic acid given off, while the increase of weight
of the tube with the chloride of calcium, gives the water of the
mineral, if it contains any.

It is needless to observe, that before we proceed to deter­
mine the quantity of carbonic acid and water in a mineral,
we must, by previous experiment&, ascertain that carbonic
acid is present, and also what the nature of the other con6tt­
tuent may be.

11. 2 L
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The nature of the base remaining in the retort, is deter­
mined by the rules already laid down.

Were we to attempt the analysis of carbonates of barytes,
strontian, or lime, by the above method, we would fail. From
barytes and strontian, we cannot drive off carbonic acid by
heat, and a white heat is requisite before lime can be freed
from that acid. We must therefore determine the quan­
tity of carbonic acid in these bodies by dissolving them
in Dn acid, and the best acid for the purpose is nitric acid
moderately concentrated. The method which I employ is the

following :-A small glass ftaakr:::=-------- is procured with two mouths.
To the one is fitted a glass stop-
per, pretty conical, and ground
air-tight. To the other is luted
a glass tube, bent at right angles,
and filled with fragments of chlo­
ride of calcium. A quantity of

nitric acid sufficient to dissolve the quantity of mineral to be
experimented on is put into the flask, and the 'whole is then
accurately counterpoised in a pair of scales, sufficiently deli­
cate to turn when so loaded, with the tenth part of a grain.
The mineral in small lumps (not in powder) is then weighed
out, (I usually employ 100 grains,) and thrown as speedily as
possible into the Bask, which must be held obliquely to pre­
vent any of the acid from being driven out of the Bask by the
effervescence which ensues. The stopper is then replaced as
speedily as possible. As the carbonate dissolves, the carbonic
acid gas makes its escape through the tube filled with fragments
of chloride of calcium. I allow the whole to remain for
twenty-four bours after the solution is completed, by which
time aU the carbonic acid has made its escape out of the Bask,
whicb will be found filled with common air, as at first. The
whole is now weighed, as at first. The loss of weight gives
the quantity of carbonic acid driven off. \\lhat remains in
the flask, is the base of the carbonate dissolved in nitric acid.
If we concentrate the solution sufficiently, we obtain crystals,
if the base was barytes or strontian; but the solution does not
crystallize when lime constitutes the base. The shape of the
crystals is an octahedron, \\"hether the base be barytes or
strontian. If we put one of these crystals into the wick of a
candle, the flame assumes a yellow colour if the base be
barytes, but a beauti{u\ te~, ii \\\~ \)\\.%~\)~ ~\'t\)~~t\\.~, If the
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base be a mixture of lime and barytes, or strontian, we eva..
porate the nitric acid solution to dryness, and digest the dry
residue in absolute alcohol. The nitrate of lime will dissolve,
and will be obtained by evaporating the alcohol to dryness,
but the nitrate of barytes or strontian will remain undissolved.

If the base be a mixture of barytes and strontian, we eva­
porate the nitric acid solution as before, to dryness, re-dissolve
the dry residue in water, and throw down the barytes and
strontian by carbonate of soda. The precipitate after being
well washed, is dissolved in muriatic acid, and the solution
evaporated to dryness_ The residual salt being digested in
absolute alcohol, the chloride of strontium dissolves, but the
cllioride of barium remains undissolved_ Having thus sepa..
rated the two bases, we convert them into carbonates or sul­
phates_ These, after ignition, give us the quantities of barytes
and strontian respectively. Every 12-25 grains of carbonate,
and every 14-5 grains of sulphate of barytes, contain 9·5 grains
of barytes. Every 9-25 of carbonate, and every 11·5 of sul­
phate of strontian, contain 6-5 grains of strontian.

When the base consists of a mixture of lime, magnesia, and
oxide of iron, as sometimes happens, these three substances
are to be separated from each other by the rules laid down
when treating of the analysis of stony bodies.

Sect. 3. Analysis ofSulpAates.
The sulphates in the mineral kingdom are still more nume­

rous than the carbonates, amounting to no fewer than twenty­
four species: namely,

1. Sulphate of barytes, 13. Potash-alum,
2. Calcareo-sulph.ofbarytes, 14. Alum stone,
3. Sulphate of strontian, 15. Aluminite,
4. Baryto-sulphate of stron- 16. Sulphated perox. of iron,

tian, 17. Alumina-sulphate of iron,
5. Calcareo-sulphate of stron- 18. Disulphate of cobalt,

tian, 19. Sulphate of zinc,
6. Hydrous sulphate of lime, 20. Sulphate of lead,
7. Anhydrous ditto. 21. Sulphate of copper,
8. Siliceous ditto. 22. Tetrasulpbate of copper,
9. Sulphate of magnesia, 23. Sulphated protoxide of

10. Sulphate of alumina, uranium,
11. Ammonia-alum, 24. Sulphated peroxide of ura-
12. Soda-alum, nium.

Of these salts, there are twelve which a.te ~o\\).\)\~ \~ ..a~~ ....
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namely, sulphate of magnesia, sulphate of alumina, ammonia
alum, soda alum, potash alum, sulphated peroxide of iron,
alumina-sulphate of iron, disulphate of cobalt, sulphate of
zinc, sulphate of copper, and the two sulphates of uranium.
To analyze these twelve, we dissolve them in water, and throw
down the sulphuric acid by chloride of barium. The 8ulphate
of buytes being washed, dried, and ignited, gives the quantity
of sulphuric acid.

The bases require various precipitants, according to their
nature. Magnesia is thrown down at a boiling temperature
by carbonate of soda. Alumina is thrown down by carbonate
of ammonia, and its purity is determined by its solubility in a
ley of caustic potash or soda. The alumina from~alDm may be
thrown down in the same way, but very long digestion is
necessary before the sulphuric acid can be completely sepa­
rated from it. Perhaps the following is an easier way of ana­
lyzing alum.

1. Determine the quantity of water by exposure to a mode­
rate heat.

2. Take another equal portion of the alum, dissolve it in
water, and throw down the SUlphuric acid by chloride of
barium; th08 determining the quantity of acid which it c0n­

tains.
3. Weigh out a third quantity of the same alum, expose it

to a strong heat ill a platinum crucible, and note the loss of
weight. If the alum was ammonia alum, nothing will remain
but the alumina. Now, 88 the ,veight of the water, acid, and
alumina are known, we can easily determine the amount of
the ammonia driven off, for the acid was saturated by the
alumina and ammonia. Let the weight of alumina be a, we

88Y 2'25 : 5 : : a : 2~:5 =weight of sulphuric acid combined

with the alumina. Let the rest of the sulphuric acid weigh

b, then we have 5 : ~'125 : : b : 2'1
5
25b =w~ight of ammonia

united to the sulphuric acid b.
If the alum be soda or potash alum, after exposure to a

strong red heat, the alumina will be deprived of the acid with
which it was combined, but .the sulphate of soda or sulphate of
potash will remain undecomposed, (unless the heat to which
the salt has been exposed be too high). Digest the residue
for a couple of days on the sand bath in distilled water, and
~ep8rate the watet nom \\\.e \\\\\U\\.l\a.. "'t\\.~ \\\\\.~~ ~tn~
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washed, dried, and ignited, its weight is ascertained. The
aqueous solution being evaporated to dryness, will leave the
sulphate of potash or of soda,' the weight of which is to be
determined, and it is easy to distinguish the potash from the
soda by the solubility, the shap.e of the crystals, or the addition
of some tartaric acid to the solution. H the salt be potash,
bitartrate of potash immediately falls, but if it be soda, DO

precipitate appears.
From the alumina-B'ldpAate of iron, the bases may be thrown

down by carbonate of ammonia, taking care, in the first place,
to peroxidize the iron. The alumina is separated from the
iron, by boiling in caustic potash or soda ley.

The oxide of cobalt may be thrown down by caustic potash
or soda; the oxide of zinc by carbonate of soda, at a boiling
temperature; the oxide of copper by caustic potash or soda.
To precipitate the protoxide of uranium, we must, in the first
place, peroxidize it, and then it is thrown down by caustic
ammonia. We must wash it not with water, but with a 801u­
tion of sal ammoniac, otherwise it will pass through the filter.
We then dry and ignite it, and weigh it. It is by this pro­
cess converted into protoxide of uranium. Wben the oxide
in the salt was peroxide, we easily obtain its weight by calcu­
lation, every 27 grains of protoxide being equivalent to 28
grains of peroxide.

The remaining 12 sulphates are insoluble in water, or
nearly 80; we must therefore proceed with their analysis in
a different manner.

All the sulphates of lime are easily decomposed by reducing
them to a fine powder, and boiling them for some hours with
a solution of carbonate of soda. We then filter off the solu­
tion, saturate the alkali with muriatic acid, and throw down
the sulphuric acid by means of chloride of barium.

The lime remains in the state of carbonate. It may be
dissolved in muriatic acid, and tested for iron and magnesia•.
If it be found pure we may estimate the lime from the car­
bonate, every 6-25 grains of carbonate beilJg equivalent to 3·5
grains of lime. If silica be present it will remain undissolved,
when the carbonate of lime is taken up by muriatic acid.

The 8ulphates of barytes and strontian are not so easily
decomposed 88 sulphate of lime. We must reduce them to
a fine powder, mix them intimately with thrice their weight
of anhydrous carbonate of soda, and CUle the mixture in a.
platinum crucible, and keep it in fus\on tot at \~~\a \\. ~(')'1.~\.~
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of hours. We then dissolve out the alkali by digesting the
fused mass in water. The alkali is saturated with muriatic
acid, and the sulphuric acid, with which it has combined by
double decomposition is thrown down by chloride of barium,
and its quantity determined by the methods already more
than once explained.

The undissolved matter, consisting of carbonate of barytes,
or strontian, is digested in muriatic acid till a complete solu­
tion is obtained. Should any thing remain undissolved, it is
a proof that the decomposition has not been complete. We
must fuse it again with carbonate of soda, and proceed u
before directed till we have obtained a complete separation of
the acid and base, and a complete solution of the base in
muriatic acid. We then test the muriatic solution to deter­
mine whether it consists of barytes or strontian, or whether
it contains any lime. If it consists of pure barytes we throw
it down by means of sulphate of soda. The precipitate after
being washed, dried, and ignited, is pure sulphate of barytes,
every 14·5 graills of which are equivalent to 9·5 grains of
barytes.

When strontian constitutes the base we proceed in the
same way, every 11·5 grains of its sulphate is equivalent to
6·5 grains of strontian.

Should the base be a mixture of barytes and strontian, we
evaporate the muriatic solution to dryness, and digest the salt
obtained in absolute alcohol. 'fhe chloride of strontium is
dissolved, but the chloride of barium remains untouched.
Having thus separated the two chlorides, we throw down their
respective bases by sulphate of soda, and estimate the quan­
tity of each as before explained.

If the base be a mixture of lime and barytes or strontian,
we dissolve it in nitric acid instead of muriatic, evaporate the
solution to dryness, and digest the residual salt in absolute
alcohol. The nitrate of lime will be dissolved, but the nitrate
of barytes, or of strolltian, will remain. The salts being thus
separated, the quantity of each of the bases is determined as
before explained.

Aluminite, which is a tris-sulphate of alumina, may be
dissolved by digestion in muriatic acid. From the solution
the alumina may be thrown down by carbonate of ammonia,
and the sulphuric acid by chloride of barium.

AJumstonc is precisely similar in its composition to potash
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alum, excepting that each of the atoms of alumina is combined
with only the third part of an atom of sulphuric acid instead
of a whole atom. This renders it insoluble in water. We
must therefore dissolve it by digestion in muriatic acid. The
alumina may be precipitated by carbonate of ammonia, and
the sulphuric acid by chloride of barium. By depriving
another portion dissolved in muriatic acid of its alumina,
evaporating to dryness and ignition, we obtain the sulphate of
potash, from which the quantity of potash is easily estimated.
Finally the water is known either by the loss or by exposing
the mineral to a heat scarcely amounting to ignition.

Sulphate of lead may he decomposed by fusion with car­
bonate of soda. The oxide of lead remaining after washing
off the alkali may be dissolved in nitric acid, and after the
solution bas been tested to ascertain its purity, the oxide of
lead may be thrown down by sulphate of soda. Every 19
grains of ignited sulphate of lead being equivalent to 14
grains of oxide of lead. The quantity of sulphuric acid is
determined in the way already explained.

The tetrasulphate of copper may be dissolved in muriatic
acid, and the copper thrown down by caustic potash or soda,
and the sulphuric acid by chloride of barium.

Sect. 4. Analylil ofPhosphates.

The phosphates already known to exist in the mineral
kingdom amount to 18 species; namely,

1. Subsesquiphosphate of lime.
2. Wavellite, or phosphate of alumina.
s. Lazulite, or diphosphate of alumina and magnesia.
4. Blue spar, or diphosphate of alumina and magnesia.
5. Phosphate of yttria.
6. Mullicite, or diphosphate of iron.
7. Subsesquiphosphate of iron.
8. Vivianite, or phosphate of iron. . ._;:.
9. Cacoxenite, or diphosphated peroxide of iron, combined

with silicate of alumina and water.
10. Native Prussian bl~e.

11. l\fanganese-phosphate of iron.
12. Huraulite, or phosphate of manganese and iron.
13. Chloro-phosphate of lead.
14. Diphosphate of copper.
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15. Pelokonite.
16. Sub-bisesquiphosphate of copper.
17. Uranite.
18. Chalcolite.
Not one of these salts is soluble in water, 80 that they all

require certain processes to enable us to subject them to
analysis. The analysis of the phosphates is attended with
much greater difficulties than the analysis of any other class
of bodies in the mineral kingdom. It will be requisite oa
that account to enter somewhat into detail, in order to smooth
the difficulties 88 much 88 possible.

Phosphoric acid in the solid glacial state in which it is
usually exhibited is a compound of real phosphoric acid and
water, most commonly one atom acid and one atom water.
though Rose obtained it with only the third part of an atom
of water united to an atom of real acid. If we heat it in
vessels of glass or porcelain it attacks them powerfully, and
becomes in consequence less volatile, and only partially solu­
ble in water.

All the phosphates are insoluble in water except the alka­
line. But they dissolve easily in an excess of nitric, or
muriatic acid, and even frequently in phosphoric acid. Mter
ignition the grea.ter number of them are insoluble in all acids,
except the concentrated sulphuric, in which they dissolve at a
boiling heat. But of course those phosphates whose bases
form with sulphuric acid an insoluble compound, barytes,
strontian, and oxide of lead, for example, cannot be dissolved
by this process.

The neutral alkaline phosphates afford precipitates with all
the earthy and metalline salts. These precipitates are phos­
phates consisting of phosphoric acid, combined with the pre­
cipitating base. Tltey are soluble in acids, and again pre­
cipitated by alkalies. If we add a considerable excess of
alkali they are often decomposed, at least partially, and the
base appears with its characteristic properties. Precipitated
phosphate of lime and some other phosphates, dissolve readily
in a solution of sal ammoniac. But if we add caustic am­
monia almost the whole of the phosphate is again precipitated.
l"'he precipitated phosphate of lead, formed by adding acetate
or nitrate of lead to an alkaline phosphate, is insoluble in
acetic, but soluble in nitric acid.

Nitrate of silver throws down a yellow precipitate from
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neutral solutions of a phosphate. This is the most character­
istic of all the precipitates of phospllates, and is therefore
usually employed to detect the presence of phosphoric acid in
neutral solutions. If the phosphate has been recently ignited,
the precipitate by nitrate of silver is not yellow but white.
Arsenic acid indeed gives also a yellow precipitate with nitrate
of silver, but the presence of arsenic acid in any compound is
easily detected by means of the blowpipe.

Pllosphate of barytes, of strontian, of lime, and of magnesia,
are detected by their dissolving in muriatic acid, and being
again precipitated by ammonia. But we mU8t satisfy ourselves
in the first place that the acid present in the compound is not
arsenic, boracic, or fluoric. The two first are easily detected
by the blowpipe, and the last by its corroding glass when the
salt is drenched in sulphuric acid, and heated in a platinum
crucible. The most difficult thing is to detect phosphoric acid
when in combination with alumina. For phosphate of alumina
and pure alumina have very nearly the same properties. In a
subsequent part of this section the methods which have been
devised for solving this difficult problem will be stated.

Thenard and Vauquelin have given us the following method
of detecting phosphoric acid in a phosphate :-A small portion
of potassium is put into the bottom of a small glass tube shut
at one end, and the phosphate for examination is put upon the
metal. This phosphate must be perfectly dry, but need Dot
exceed a small fraction of a grain in weight. Heat the tube
slowly to ignition. The potassium reduces the phosphoric
acid and converts it into phosphuret of potassium. Pour a
little mercury into tlte glass tube to remove any excess of
potassium, and in about a minute pour it out again. Tllen
blow cautiously through a fine tube upon the matter contained
in the glass tube in order to moisten it. A strong and cha­
racteristic smell of phosphuretted bydrogen is immediately
perceived.

According to Fuchs, if a solid phosphate be moistened with
sulphuric acid, and held by a platinum forceps in the inner
flame of the blowpipe it communicates a green colour to the
outer flame.· This green colour continues only for a short
time, and it does not always appear. It must be recollected
too that borates produce a similar colour, indeed with them it
i8 much finer and much deeper.

• Schwcigger" Jour. 11\'. \~\).
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Berzeliu8 has given a method of detecting phosphoric acid
by means of the blowpipe. A portion of the mineral for
examination is fused with boracic acid on charcoal, and when
the intumescence is ended a piece of fine harpischord wire is
thrust into the bead in such a manner that the two ends of the
wire project out of the bead. The whole is then strongly
heated in the inner flame. The resulting bead when cold is
taken from the charcoal, and wrapped up in a piece of paper,
and then crushed in two by a slight blow of a hammer. We
find a round grain of ph08phuret of iron, which possesses a
metallic appearance, is magnetic and brittle, 80 that it breaks
in pieces when struck with a hammer. A small proportion of
phosphoric acid cannot be detected by this method. The
assay must contain no sulphuric acid, arsenic acid, nor any
metallic oxide which is reduced by iron, otherwise globules
would be obtained which could not be distinguished from
phospburet of iron.

We have no very modern analysis of phosphate of lime,
but the analysis by Klaproth approaches pretty nearly to

accuracy. He reduced the mineral to a fine powder, and
dissolved it in muriatic acid. The muriatic acid solution was
rendered as neutral as possible without precipitating the phos­
phate of lime, and then oxalate of ammonia was dropt into
tile liquid till all the lime was thrown down. The oxalate of
lime was collected on a filter, washed, dried, and ignited. It
was then in the state of carbonate of lime, every 6·25 grains of
which are equivalent to 3·5 grains of lime. The liquid thus
deprived of the lime was evaporated to dryness, and heated to
drive off the ammoniacal salts. It was then weighed. Being
dissolved in ,,·ater, a quantity of undecompqsed phosphate of
lime remained, amounting to about l4th of the original quan­
tity subjected to analysis. This being deducted the remainder
was considered as phosphoric acid.

In this analysis the obvious defect was the exposing the
pllosphoric acid to a red heat, because at that temperature a
portion of it is volatilized. It would have been better to have
saturated the acid with ammonia, which would have thrown
down the undecomp08ed phosphate of lime. The liquid is
now to be evaporated to dryness, and the dry salt intimately
mixed with a quantity of oxide of lead more than sufficient to
saturate the acid. Heat is then applied; the ammonia is
displaced by the oxide of lead. After it has been disengaged
we raise the heat to 1~l\\\\()l\, al\~ \\\.~n ,,'\~\'t~ \\\.~ matter
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obtained. If from this weight we subtract that of the oxide of
lead employed, the remainder is the weight of the phosphoric
acid•.

Wavellite is a salt composed of water, phosphoric acid, and
alumina. Now, phosphate of alumina resembles alumina 80

closely in many of its characters that the phosphoric acid is
apt to be overlooked altogether, and accordingly wavellite was
long considered as a hydrate of alumina. Phosphate of
alumina dissolves in nitric and muriatic acids; it dissolves also
in caustic potash or soda ley, and it is precipitated from these
solutions precisely as alumina is.

The method of separating alumina from phosphoric acid was
first suggested by Professor Fuchs, and is as follows :-The
weighed compound is dissolved in a solution of caustic potash,
and to this liquid a solution of silicate of potash (or liquor of
flints, as it was formerly called,) is added. This addition
converts the whole into a thick slimy mass, which is diluted
with water, and made to boil. An abundant precipitate falls,
which is potash-silicate of alumina. 1'his precipitate is sepa­
rated, washed, and dissolved in muriatic acid. Being eva­
porated to dryness, the silica is separated in the usual way, and
the alumina is thrown down from the muriatic acid solution,
either by carbonate of ammonia or sal ammoniac.

The solution, filtered from the precipitated potash-silicate,
contains the phosphoric acid combined with potash. It may
be neutralized, and mixed with a neutral solution of chloride
of calcium_ Phosphate of lime precipitates, composed of 1
atom phosphoric acid and Ii atom lime: so that every 9·75
grains of it are equivalent to 4-5 grains of phosphoric acid.

The method employed by Berzelius was merely a modifica­
tion of the preceding. He mixed 2 parts of waveUite with II
parts of silica in fine powder, and 6 parts of carbonate of soda•
.The mixture was ignited for half an hour. It was then
digested in water, till every thing soluble was taken up. The
liquid portion contained the phosphoric acid united to soda,
together with a little silicate of soda. On adding carbonate
of ammonia, and digesting, the silica precipitated. The alkaline
liquid was now reduced by concentration to half its bulk, in
order to get rid of the excess of ammonia. It was then neu­
tralized by muriatic acid, and left till the carbonic acid was
dissipated. It was then supersaturated with caustic ammonia,
which occasioned the precipitation of a little silica. The
liquid was now mi.Jed witb chloride o~ C\\\~\\\\t\') \\.~~~~~'\~,,~
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as any precipitate fell. This precipitate, after being well
washed, was ignited and weighed. It was a mixture of 8ub­
sesquiph08phate and ftuate of lime. It was dissolved in
muriatic acid, and sulphuric acid being added, the whole
was evaporated to get rid of the tlnoric acid. It was
allowed to cool, and digested in alcohoL The whole was
dissolved except the sulphate of lime, which was ignited and
weighed. It contained, of coone, the lime united in the
mineral both with the phosphoric and tluoric acids. From the
weight of sulphate it is easy to deduce that of the lime; for
every 8·5 grains of anhydrous gypsum are equivalent to 3·5
grains of lime.

The alcoholic liquid contained the phosphoric acid maed
with sulphuric acid. The alcohol was evaporated off, water
was added, and a 8ufficient quantity of muriatic acid, to pre­
vent the precipitation of phosphate of barytes. Chloride of
barium was then added to throw down the sulphuric acid.
The liquid thus freed from sulphuric acid was filtered and
mixed with a great excess of caustic ammonia, in order to
precipitate the phosphate in the state of what has been called
intermediate subp/waphate ofbarytu. It is composed of 1 atom
barytes, and 0·8 atom phosphoric acid: hence every 13·1
grains of it contain 3·6 grains of phosphoric acid. Subtract­
ing the quantity of phosphoric acid from that of the original
weight of the two acids, the remainder gives the weight of
ftuoric acid.

The soda-silicate of alumina was dissolved in muriatic acid,
and evaporated to dryness to get rid of the silica. The
alumina was then separated in tIle usual manner, and a small
quantity of oxides of iron and manganese were obtained by
digesting the precipitate in caustic potash.

The water was determined in the usual manner by exposing
a given weight of wavellite to ignition in a small retort, to the
beak of which a tube filled with fragments of chloride of cal­
cium was luted.·

Lazulite and blue spar, which contain magnesia, silica,
oxide of iron, and lime, besides phosphoric acid and alumina,
require for their analysis a prelinlinary process. A portion of
the mineral, reduced to a fine powder, is digested in a platinum
crucible, with a sufficient quantity of caustic potash ley. The
heat is continued till the watery portion evaporates, and the
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dry mass is at last raised to ignition. The matter thus treated
is digested in water till every thing soluble is taken up, and
the insoluble portion collected on a filter. rI'he silica, lime,
magnesia, oxide of iron, and a small portion of alumina remain
undissolved, while the alkaline solution contains the phosphoric
acid and the alumina. It is mixed with silicated potash ley in
sufficient quantity, and boiled. The potash-silicate of alumina
precipitates, and is to be treated as already explained. The
phosphoric acid is to be thrown down by chloride of calcium,
and its quantity estimated in the way already explained.

If we boil the precipitate collected on the filter \vith a 80lu­
tion of sal ammoniac, the magnesia will be dissolved, while
the silica, the alumina, oxide of iron, and lim~, if any be
present, will remain. These substances are to be separated
from each other in the way already explained, when treating
of the analysis of stony bodies.

P/wsphate ofyttria was analyzed by Berzelius in the follow­
ing manner :-

A portion of the mineral in fine powder was mixed with
three times its weight of carbonate of soda, and the mixture
heated till the mass fused, and all evolution of carbonic acid
was at an end. The fused mass was digested in water till
every thing soluble was taken up. The undissolved portion
was collected on a filter.

'fhe liquid which contained the phosphoric acid being
saturated with acetic acid, evaporated to dryness, and the
residual salt dissolved in water, a trace of silica remained
behind too' small to be weighed. The phosphoric acid was
precipitated by acetate of lead. The precipitate is a subsea­
quiphosphate of lead, every 25·5 grains of which are equivalent
to 4-5 grains of phosphoric acid. For greater security the
phosphate of lead should be converted into sulphate of lead,
composed of 14 grains oxide of lead and 5 grains of sulphuric
acid. This gives the weight of the oxide of lead, from which
that of the phosphoric acid in the phosphate is easily deduced.
The phosphoric acid being examined in the usual way, was
found to contain a small quantity of f1uoric acid mixed with
it.

The portion undissolved by the water being digested in
muriatic acid, left a small residue consisting partly of silica
and partly of undecomposed mineral. The muriatic solution
was dropt into a solution of carbonate of ammonia, by which
the matter at first precipitated was agmn t~~_\)\~~~. ~~
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liquid was evaporated to dryness, the sal ammoniac driven oft;
and the residual matter dissolved in muriatic acid, and the
solution evaporated to dryness. Being again digested in water
a dark brown substance remained undissolved. It was ignited
and then digested in muriatic acid; about Iths of it dissolved.
Tbe dissolved portion was mbphosphate of iron, with a trace
of subsesquiphosphate of lime. The undissolved portion pos­
sessed tile characters of zirconia, but it was not particularly
examined. The subpbosphate of iron and tbe zirconia being
subtracted from the weight of the undissolved matter originally
remaining when the mineral heated with carbonate of soda
was digested in water, left the quantity of yttria contained in
tbe portion subjected to analysis. This matter was examined
and found to possess the characters of yttria...

Tbe different species of p/wsphated i,·on, namely, Mullicite,
subsesquipbospbate, Vivianite, cacoxenite, and native Prussian
blue, may be analyzed in the following manner:-

By exposure to heat the water is driven off, and its weight
estimated.

The anhydrous residue being digested in muriatic acid,
every thing dissolves except some grains of siliceou8 matter,
which may be accidentally present.

Let the muriatic solution be mixed with sulphohydrate of
ammonia: the iron is thrown down in the state of 8ulpburet,
and may be separated by the filter after tbe liquid bas been
deprived of its excess of sulphobydrate of ammonia by boiling
it with a mixture of some muriatic acid.

The sulphuret of iron is to be dissolved in aqua regia, and
the peroxide of iron thrown down by an alkaline carbonate.
After edulcoration and ignition every:> grains of it are equi­
valent to 4-5 grains of protoxide of iron.

The liquid freed frOID iron contains the phosphoric acid,
which may be thrown down (after neutralizing the liquid) by
chloride of barium. Let the phosphate of barytes be washed,
dried, ignited, and weighed. Let it then be dissolved in
muriatic acid. Should any sulphate of barytes be present
(which might happen through some impurity in the reagents)
it will remain undissolved, and its weight must be deducted
from that of the phosphate of barytes originally obtained.

Add sulphuric acid to the muriatic acid solution. The
barytes l\1ill be thrown down in the state of sulphate. Let
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this sulphate be collected, dried, ignited and weighed. From
the weight we easily deduce that of the barytes which it con­
tains; and subtracting this weight from that of the phosphate
of barytes originally obtained, the remainder gives the weight
of the phosphoric acid in the mineral.

The phosphate of barytes thrown down is usually a 8ubses­
quiphosphate, composed of 1 atom of phosphoric acid and Ij.
atom barytes. But the phosphoric acid forms so many com­
pounds with each base, that it would not be safe to calculate
from such a salt without actual analysis; and the conversion
of the phosphate into the sulphate of barytes affords the easiest
analysis that we can apply.

The analysis of manganeso-plwspAate ofiron and of Huraulite
can occasion no difficulty after the remarks already made.
The oxides of iron and manganese are easily separated, by
peroxidizing the iron, and throwing it down by benzoate of
ammonia; or we may prevent the oxide of manganese from
falling by adding sal ammoniac to the solution, and then
throwing down the iron by ammonia; or we may peroxidize
the mauganese by chlorine, and then throw it down by bicar­
bonate of potash.

Chloro-phospkate of lead consists essentially of chloride of
lead and subsesquiphosphate of lead, but it contains occasion­
ally oxide of iron, and from Kersten's analysis we learn that
in the brown varieties lime constitutes an occasional consti­
tuent, and that it likewise contains ftuoric acid. To analyze
it the simplest method is to dissolve it in nitric acid, aDd to
throw down the chlorine from the solution by means of nitrate
of silver. The chloride of silver is washed, dried, fused, and
weighed. Every 18·25 grains of it are equivalent to 4·5
grains of chlorine.

The liquid thus freed from chlorine must be freed from any
excess of silver accidentally added, by a few drops of muriatic
acid. A current of sulphuretted hydrogen being then passed
through it, the lead is precipitated in the state of sulphuret,
every 15 grains of which are equivalent to 14 grains of oxide
of lead. rrhe addition of sulphuric acid and alcohol will throw
down the lime in the state of sulpbate, every 8~ grains of
which after ignition are equal to 3t grains of lime.

Having thus separated the lime and the lead, we add chlo­
ride of barium to the remaining liquid, taking care that it
contains a sufficient excess of acid to prevent the precilJitation
of the phosphate of barytes. Aftet tb.e %\\\~\m.~ ()\ \)~~~,
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has precipitated and been separated, we neutralize the solutioD
by ammonia, taking care not to add any excess, to avoid
throwing down the oxide of iron, if any should be preseoL
The phosphate of barytes precipitates; and from it the quan­
tity of phosphoric acid may be determined, in the way already
explained. Finally, the peroxide of iron is thrown down by
ammonia, washed, dried, and ignited. We must take care of
two things in the last part of this analysis: 1st, that the oxide
of iron do not fall with the phosphate of barytes; and 2d, that
the iron be not in the state of phosphate when thrown dowD,
which might very easily be the case if the requisite precautions
be not taken.-

Dip/wapkale ofcopper dissolves readily in nitric acid. From
the solution sulphuretted bydrogen throws down the copper.
From this sulphuret the quantity of oxide of copper is deter­
mined, in the way already explained. The phosphoric acid
may now be thrown down by means of chloride of barium or
nitrate of lead, and the quantity of phosphoric acid determined
from the precipitate, in the way already explained.

TIle analysis of pelokonite and subbisesquiphosphate of
copper may be conducted upon the same principles; only to
separate the oxides of iron and manganese we must employ
8ulphohydrate of ammonia, after having thrown down the
copper by a current of sulphuretted hydrogen.

Uranite contains a great number of constituents, though it
consists chiefly of phosphated peroxide of uranium and subses­
quiphosphate of lime. The other constituents, not reckoning
the water, are barytes, magnesia, manganese, and a trace of
ftuoric acid. It may be analyzed in the following manner:-

After determining the water, by igniting the mineral, it is
dissolved in nitric acid, and the soLution mixed with alcohol.
To this mixture sulphuric acid, previously diluted with alcoho~

is added, 88 long as sulphate of lime continues to precipitate.
The gypsum thus obtained is washed with alcohol, dried,
ignited, and weighed. It is to be dissolved in muriatic acid
by the assistance of heat; a little sulphate of barytes remains
undissolved. This is to be washed, dried, ignited, and
weighed. Being subtracted from the weight of the original
precipitate, the remainder gives the amount of the gypsum.
The weight of the gypsum and sulphate of barytes being

, • The only lure wa.y of llloceeding is to throw down the iron by means
of suJphohydrate or ammonia_
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known, it is easy to deduce from them the quantity of lime
and barytes contained in the mineral.

The alcoholic solution is now to be evaporated to dryness,
and the residue being intimately mixed with carbonate of soda,
is exposed to a strong red heat, in order to obtain by double
decomposition the phosphoric acid united to the soda, and the
peroxide of uranium also united to soda. Water dissolves the
former of these compounds, but leaves the latter undissolved.

The uraniate of soda thus remaining is to be dissolved in
muriatic acid, from which the peroxide of uranium is thrown
down by caustic ammonia. The precipitate being washed
with a solution of sal ammoniac, is dried, ignited, and weighed.
It is now pure protoxide of uranium, every 27 grains of which
represent 28 grains of peroxide.

When the ammoniacal solution is neutralized by muriatic
acid a scanty white precipitate usually appears. This, accord­
ing to Berzelius, is a mixture of phosphated peroxide of
uranium, and phosphated peroxide of tin.

The liquid now contains nothing but the phosphoric acid
united to an alkali. Let it be acidulated and boiled till the
carbonic acid is completely driven off, and then let a mixture
of chloride of calcium and ammonia be added. The subscsqui­
phosphate of lime is precipitated, from which the quantity of
phosphoric acid is determined, in the way already explained.

The analysis of cAalcolite may' be conducted in nearly the
same way, excepting that from the solution containing the
oxides of copper and uranium we must throw down the copper
by 8ulphuretted hydrogen; and as no lime or barytes is pre­
sent, we have no occasion to throw these bodies down by
means of sulphuric acid and alcohol. We at once fuse a
mixture of chalcolite and carbonate of soda; the solution COD­

tains the phosphoric acid, which is to be obtained 88 already
explained. The undissolved matter contains the oxides of
copper and uranium; it is to be dissolved in muriatic acid.
The copper is to be thrown down by sulphuretted hydrogen,
and the oxide of uranium by caustic ammonia.

Sect. 5. Analysis of ArseniateB.
The arseniates known at present to exist in the mineral

kingdom amount to 15 Rpecies; namely,
1. Sesquihydrous arseniate of lime,
2. Bisesquihydrou8 arseniate of lime,
3. Diarseniate of iron,

11. ~ Itt
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4. Subsesquiarsenia\e of iron,
5. Arseniate of iron,
6. Diaraeniate of nickel,
7. Diarseniate of cobalt,
8. Arseniate of lead,
9. Hydrous subbisesquiarseniate of copper,

10. Diarseniate of copper,
11. Prismatic oliven ore,
12. Acicular oliven ore,
13. Copper mica,
14. Octahedral arseniate of copper,
15. Copper schaum.

All these arseniates are insoluble in water; but the presence
of arsenic acic.l, or at least of arsenic, in a mineral is easily
discovered by heating a fragment of it on cbarcoal before the
blowpipe. White fumes of arsenious acid are driven off,
which possess the well known alliaceous smell which charac­
terizes arsenic. If a mineral destitute of the metallic lustre
gives out arsenical fumes before the blowpipe, we may COD­

clude that it contains arsenic acid.
The arseniates are all insoluble in water, except those which

have an alkali for their base. But the insoluble arseniates
dissolve readily in muriatic acid, except when the base happens
to form an insoluble salt with muriatic acid, in which case they
dissolve in nitric acid. If through the acid solution of an
arseniate, rendered as neutral as possible without causing the
salt to fall, \ve pass a current of sulphuretted hydrogen gas,
the \vell known yellow sulphuret of arsenic falls, \\,hich sufti­
('iently characterizes the presence of arsenious or arsenic acid.
It is true that cadmium strikes also a yello\v colour when
treated with sulphuretted hydrogen, but the nature of the
mineral under examination is always sufficient to prevent our
confounding together cadmium and arsenic.

Ffhe arseniates of lime present no peculiar difficulty in their
analysis.

By exposing the mineral to incipient ignition we drive off
the \vater, and determine its quantity. The anhydrous portion
is then dissolved in nitric acid, and the solution, if the mineral
be pure, takes place without any effervescence.

1~he arsenic acid may be thrown down by a current of sul­
phllretted hydrogen, and the quantity of arsenic acid deduced
from that of the sulphuret in the way formerly explained; or
we may precipitate the 8.Nen\C acid by means of nitrate of
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lead. The precipitat~, after edulcoration and exposure to a
red heat, is anhydrous arseniate of lead, every 21·25 grains
of which are equivalent to 7·25 grains of arsenic acid; or
after having thrown down the lime, magnesia and oxide of
cobalt, which are usually present, we may add the requisite
quantity of a salt of iron, and determine the weight of arsenic
acid by Berthier's process, formerly explained.

After throwing down the whole arsenic acid by means of
sulphuretted hydrogen, nothing remains in solution but the
base of the salt. This base is lime, generally mixed with a
little oxide of cobalt, and in the picropbarmacolite of Stromeyer
with some magnesia.

To the solution freed from sulpburetted hydrogen add a
8ufficient quantity of sulphuric acid to saturate the bues, and
evaporate to dryness to get rid of the nitric acid. After
exposure to a red heat, let the saline mass be weighed. Let
it be digested in a little water till the sulpbate of magnesia
and the sulphate of cobalt are dissolved. The white matter
remaining is sulphate of lime; let it be ignited and weighed.
By repeated crystallizations and solutions the portion of sul­
phate of lime which had been at first dissolved may be obtained j

or we may add to the solution of sulphate of magnesia and
sulpbate of cobalt, previously diluted with water, a sufficient
quantity of oxalate of ammonia to throw down the residual
lime.

The cobalt may be thrown down by sulphohydrate of am­
monia. The sulphuret of cobalt obtained is to be dissolved in
nitric acid, and the oxide of cobalt thrown down by caustic
potash, washed, dried, ignited, and weighed. From the weight
of oxide of cobalt it is easy to deduce that of 8ulphate of cobalt
contained in the mixed sulphates; for every 4-25 grains of
oxide of cobalt are equivalent to 9·25 grains of anhydrous
sulphate. Kno\\'ing the weights of the sulpbate of lime and of
the sulphate of cobalt, we have only to add them together and
deduct their 8um from that of the ~ulph8tesoriginally obtained.
The remainder is obviously the weight of the sulphate of
magnesia; and anhydrous sulphate of magnesia contains the
third part of its weight of magnesia.

The different arseniates of iron may be dissolved in muriatic
acid, and the solution mixed with an excess of sulphohydrate
of ammonia. The sulphuret of iron and of copper, if any be
present, will be precipitated, while the arsenic will remain in
solution_
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Let the precipitate be digested in muriatic acid; the iron
will be dissolved, but copper will remain. Let the residual
black matter be roasted in an open vessel; it is now oxide of
copper. Let the solution be digested with nitric acid, and the
peroxide of iron thrown down by ammonia. After washing,
drying, and ignition, it is peroxide of iron, every 5 grains of
which are equivalent to 4·5 grains of protoxide of iron.

To the liquid in which the arsenic is held in solution by
means of the sulphohydrate of ammonia, muriatic acid is to be
added. Sulpburetted hydrogen is disengaged, and the sul­
pburet of arsenic is precipitated. Let it be washed and
digested in aqua regia till the arsenic is acidified and dissolved.
Let the undissolved sulphur be dried and weighed, and the
sulphuric acid formed during the digestion in aqua regia be
thrown down by chloride of barium, and the sulphur contained
in it determined. Thus the weight of the sulphur becomes
known. Subtracting this weight from that of the sulphuretted
arsenic, the remainder gives the quantity of arsenic. From
this quantity the amount of arsenic acid is easily deduced, for
4·75 grains arsenic are equivalent to 7·25 grains of arsenic
acid.

If to the liquid thus freed from the bases and from arsenic
acid we add a quantity of ammonia and of chloride of calcium,
the phosphoric acid (if any be present) will be thrown down
in the state of subsesquiphosphate of lime, every 9·75 grains
of which are equivalent to 4·5 grains of phosphoric acid.

The diarseniate of nickel, when mixed with potuh and
ignited in a silver crucible, undergoes decomposition. The
acid unites to the potash, while the oxide of nickel remains.
Water removes the potash and arsenic acid. Let the oxide
of nickel be ignited and weighed. To see whether it contain
any oxide of cobalt let it be dissolved in muriatic acid, thrown
down by carbonate of soda, and converted into oxalate by
digestion in oxalic acid. Let the oxalate be di8Solv~d in
ammonia, and exposed for some days in a glass jar simply
covered with paper. As the ammonia makes its escape the
oxalate of nickel precipitates, but the oxalate of cobalt remains
in solution. Let the liquid be decanted off, and the oxide of
cobalt thrown down by caustic potash. Its weight after igni­
tion being subtracted from that of the original base, will leave
the weight of tbe oxide of nickel.

The arsenic acid united with the potasb may be determined
by the processes ahead, su\U~\el\~1 e~~\.a\~~~,
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The diarseniate of cobalt may be analyzed precisely in the
same way.

The arseftiate oflead ~ontains chlorine and phosphoric acid,
and likewise a trace of f1uoric acid. It may be dissolved in
nitric acid, and the chlorine thrown down by nitrate of silver.

To the solution thus freed from chlorine, and from which all
excess of silver has been removed by means of muriatic acid,
sulphohydrate of ammonia may be added after the nitric acid
has been neutralized by ammonia. The lead is thrown down
in the state of sulphuret. Wash this sulphuret and digest it
in nitric acid till it is converted into sulphate. Let this suI.
phate be ignited and weighed; every 19 grains of it are
equivalent to 14 grains of oxide of lead.

Add muriatic acid to the solution containing sulphohydrate
of ammonia; the arsenic will be thrown down in the state of
a sulphuret. This sulphuret is to be washed and treated as
already explained, in order to deduce from it the quantity of
arsenic acid in the mineral. The residual liquid still contains
the phosphoric acid. If we mix it with ammonia and chloride
of calcium we obtain a precipitate of subsesquiphosphate of
lime, from which the quantity of phosphoric acid is deduced,
in the way already explained.

The seven species of Maeniated copper orel, though differing
in the proportions of their constituent&, yet as the nature of
the constituents is the same in all, namely water, oxide of
copper, arsenic acid ·and phosphoric acid occasionally, may
be all analyzed by a similar process.

Let the mineral be dissolved in nitric acid, after having
heated it to drive off the water. Add an excess of ammonia,
and then a sufficient quantity of sulphohydrate of ammonia to
keep the arsenic in solution. The copper precipitates in the
state of sulphuret. Let it be dissolved by digestion in nitric
acid, and let the oxide of copper be precipitated by caustic
potash, washed, dried, ignited, and weighed.

Add muriatic acid to the sulphohydrated solution; the 8ul­
phuret of arsenic precipitates. It is to be washed and treated
as already explained, in order to deduce from it the weight of
the arsenic acid in the mineral.

Nothing now remains but the phosphoric acid, which is
tbrown down in the state of 8ubsesquiphosphate of lime by
ammonia and chloride of calcium.

If we determine the water, and ascertain that the mineral
contains only arsenic acid and oxide of. ~a~~~t\ '«~ ~a,,~ \\~~
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to di8801ve a given weight of the lpeeimen in nitric acid, and
throw down the oxide of copper by means of caustic potash or
aoda. This precipitate, being w~ed, dried, and ignited,
gives the weight of oxide of copper, which being deduced
from that of the anhydrous mineral analyzed, leaves the weight
of arsenic acid with which it wa combined.

Sect. 6. .AJUJlyai8 of Boratu.
The minerals containing boracic acid hitherto met with ill

the mineral kingdom, are six; namely,
1. Borax, or biborate of soda,
2. Datholite, or borosilicate of lime,
3. Botryolite,
4. Biborate of magnesia,
5. Hydroboracite,
6. Tourmalin,

The presence of boracic acid in a mineral, is detected by
pulverizing a small quantity of it, and after adding a few drops
of sulphuric acid to the powder, pouring over it some alcohol,
and setting the spirit on fire. If boracic acid be present the
alcohol will burn with a green Hame.·

Dr. Turner has given us the following method of detecting
boracic acid in a mineral by the blowpipe: Mix the assay
with a Hux, composed of 1 part of fluor spar, and 4~ parts of
bisulphate of potash. This mixture moistened with a little
water, is attached to the extremity of a platinum wire, and
exposed to the inner flame of a candle before the blowpipe.
Shortly after fusion there appears a green colour around the
ftame, which soon disappears however, and is not again seen.

Boracic acid, when pure, forms a transparent brittle glass,
which fuses at a red heat, and is not volatile. Mter fusion in
a platinum crucible, it dissolves with difficulty in water. If
it be dissolved in hot water, the solution deposits scales of
hydrated boracic acid, which have a pearly lustre, and feel
greasy. It dissolves very sparingly in ~·ater, and when we
evaporate it, even in a low heat, a considerable portion of the
acid is volatilized along with the water. This acid gives a
reddish-brown colour to turmeric paper, as the alkalies do, but
it reddens litmus paper. It is soluble in alcohol, and the
alcoholic solution burns with a fine green-coloured ftame.

'# The chlorides communicate also a green colour to the flame of alcohol
when moistened with sWllhurlc a.cid, but in this case the Bame is bluish.
greco, "'ith boracic acid it \~ em~t-a.\~-~~t\..
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This is the most characteristic property of boracic acid. A
good deal of the boracic acid is volatilized along with the
alcohol, if we attempt to evaporate it.

The borates, with the exception of those that have an alkali
for their base, are very slightly soluble in water. Hence,
chlorides of barium, strontium, and calcium, throw down white
precipitates when mixed with a solution of a borate, provided
it be not too dilute. But these precipitates dissolve in a large
quantity of water, and still more readily in a solution of sal
ammoniac.

Nitrate of lead throws down a white precipitate, nitrate ot
mercury a brown, and nitrate of silver throws down a white
precipitate from concentrated solutions, but a brown precipi­
tate from dilute solutions. These precipitates are very im­
perfectly 80luble in water, but they dissolve readily in ammo­
nia and in nitric acid.

When a soluble borate is boiled with sulplluric acid, it
undergoes decomposition, and pearly scales of hydrated boracic
acid are deposited.

The only accurate method of separating boracic acid from
those minerals, of which it forms an essential constituent, is
the following, which was first suggested by Arfvedson in
1822:· A weighed quantity of the borate, previously freed
from water (if any be present) and in the state of a fine
powder, is mixed with four times its weight of finely pulver­
ized fluor spar, and this mixture being put into a platinum
crucible, is made up into a thick pap with 8ulphuric acid. The
whole is then heated and finally ignited, till all the excess of
sulphuric acid is driven off. l'he ftuoric acid as it is disen­
gaged, combines with the boracic, and Hies off in the state of
Huoboric acid. Nothing at last remains but sulphate of lime
from the fluor spar, and the base of the borate converted into
a sulphate.

Suppose we were to analyze borax by this metbod; after
the process is finished, nothing remains but sulphate of soda
and sulphate of lime. If. we digest the residue in water, the
sulphate of soda will be dissolved, together with a little suI.
phate of liJne. The addition of carbonate of ammonia, with
some oxalate of ammonia, will throw down the lime. We
then filter, evaporate to dryness, and ignite the residual salt to
get rid of the sulphate of ammonia. Nothing remains but

• Kong. Vet. Acad. Handl., \8'1'1,~. ~~.



536 ANALYSIS OF MINERAL SALTS.

anhydrous 8ulphate of soda, every 9 grains of which are
equivalent to .. grains of soda. Subtracting this soda from the
original weight of the anhydrous borax submitted to analysis,
the remainder gives the quantity of boracic acid which the
salt contained.

DatAolite, which contains silica, lime, boracic acid, and
water, with a trace of iron and manganese, was analyzed by
Klaproth in the following way :-

The proportion of water was determined by igniting a por­
tion of the mineraL

A quantity of datholite reduced to a fine powder, 1ftI

digested in dilute nitric acid, till the whole assumed the form
of a jelly. After dilution with water and digestion, till the
whole mineral was decomposed, the liquid was evaporated to
dryness in a gentle heat. The dry m888 being digested in
water acidulated with nitric acid, left the silica, which was
washed, dried, ignited, and weighed.

The nitric acid solution was mixed with sulphuric acid, and
evaporated to dryness in a gentle heat. The residual matter
was digested in alcohol; the spirits were drawn off into a retort
and distilled; the boracic acid remained behind, and its quantity
was estimated after ignition. What the alcohol left undissolved
was sulphate of lime, which was also ignited and weighed.
From its weight, that of the lime in the mineral was estimated.

In another experiment, he raised the nitric acid solution to
the boiling temperature, and then added carbonate of soda in
quantity sufficient to throw down the lime. From the quan­
tity of carbonate of lime obtained, the lime was easily deduced.
The solution still contained the boracic acid. I t was saturated
with sulphuric acid, evaporated to dryness, and the boracic
acid extracted by alcohol, as before.·

From the properties of boracic acid, stated at the beginning
of this section, it is obvious, that during Klaproth's analysis, a
considerable portion of the boracic acid must have been vola­
tilized and escaped detection. The mineral might be analyzed
by two processes :-1. The quantity of silica and lime in the
mineral must be accurately determined, by dissolving the
datbolite in nitric acid, evaporating the solution to dryness,
separating the silica in the usual manner, and then throw­
ing down the lime by oxalate of ammonia, and determining
the quantity. The silica and lime deducted from the original
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weight of the anhydrous mineral, leave the quantity of boracic
acid which the mineral contained. 2. For the abstraction of
the silica and boracic acid, we add a quantity of pure Huor
spar, equal to 2·375 times the weight of the silica, and 1-583
times the weight of the boracic acid, to a given portion of the
anhydrous mineral. This mixture we drench with sulphuric
acid, and heat. Every thing is driven off except sulphate of
lime. The sulphate of lime from the Huor spar, amounts to
1·789 times the original weight of the Huor spar. This
quantity subtracted from the total sulphate of lime left, gives
the sulphate of lime from the lime of the datholite analyzed.
And from this sulphate the weight of the lime is easily
deduced. If we add this lime to that of the silica, and sub­
tract the amount from that of the anhydrous datholite analyzed,
the remainder must be the amount of the boracic acid.

The analysis of boracite and kydroboraciee, must be con­
ducted on the same principles. What remains after the
expulsion of the boracic acid, is a mixture of sulphates of
lime and magnesia. The method of analyzing such a mix­
ture, and determining the quantity of magnesia, has been
already explained.

To give the reader an idea of the way employed by analysts,
to estimate the quantity of boracic acid in the tourmalin, the
easiest method will be to state Leplay's analysis of one of
these minerals.

Five parts of tourmalin in fine powder, were mixed with
15 parts of carbonate of lead, and 10 parts of nitrate of lead,
and fused for a quarter of an hour in a covered platinum cru­
cible. The glass was, when cold, dissolved in nitric acid, and
the solution evaporated to dryness by a very gentle heat, to
prevent the escape of boracic acid. The dry mass being
digested in water acidulated with nitric acid, the silica was
left. It was washed, and its quantity estimated in the usual
manner.

A current of sulphuretted hydrogen gas was passed through
the liquid to throw down the lead. The liquid was filtered
and concentrated, till it was reduced almost to the state of a
paste. It was then diluted with water, and a sufficient quan­
tity of carbonate of ammonia added to throw down the alu­
mina and peroxide of iron, without acting upon the lime and
magnesia which the liquid contained. The alumina and oxide
of iron thus obtained, were separated in the usual manner,
and the quantity of each determined.
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Oxalate of ammonia dropt into the liquid thD8 freed fro.
alumina and oxide of iron, threw down the lime in the state
of oxalate.

The liquid, which now contained potub, boracic acid, mag­
nesia, nitric acid, and ammonia, was evaporated to dryne88 at
a low heat, in a porcelain basin. The dry residue was put
into a fiat platinum vessel, and kept at a heat of incipient
ignition, till the nitrate of magnesia was deprived of its acid.
Care must be taken not to raise the heat too high, otherwise
the boracic acid would be volatilized. The matter being now
dige8ted in boiling water, left the magnesia.

A few drops of nitric acid were added to the aqueous liquor,
and it was gently evaporated to dryness, and the residual salt
carefully weighed. Alcohol was then poured over it and let
on fire. It burned with a green flame. New portioDs of
alcohol were poured on and burned off in the same way, till
the flame ceased to have a green tinge. This happened after
15 doses of alcohol had been employed. The residual salt
W88 now weighed. This weight subtracted from the original
weight of the salt, gave the weight of the boracic acid that had
been volatilized with the burning alcohol.

The alkali only remained. The salt was dissolved in water,
and sulphuric acid added to drive off the nitric acid. The
whole was evaporated to dryness, and by the addition of II
little carbonate of ammonia, all excess of sulphuric acid W88

got rid of. The salt was now dissolved in water, and the
sulphuric acid thrown down by chloride of barium, and its
quantity determined. It was found that the salt was a com­
pound of

Sulphuric acid, 105, or 5
Alkali, 113, or 5-38

From which he concluded that the alkali was potash.· It is
obvious, however, that some soda must have been present.
A mixture of 2 atoms potash and I atom soda, would make
the alkali united to 5 sulphuric acid amount to 5-33, which is
very nearly the quantity found by Leplay. Hence the alkali
found by him, instead of being 2-32 per cent. potash, ought to
have been

Potash, 1·79
Soda, 0-53

2-32
• Ann_ de Calm. e\ ~e ~b"" ""L\\\. c}'iC1..
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Sect. 7. .Analym of Yanadiatea.
The only vanadiate known at present to exist in the mine­

ral kingdom, is the. vanadiate of lead. Besides vanadic acid
and oxide of lead, it contains also chlorine, together with a
trace of silica and oxide of iron.

By dissolving it in nitric acid and adding nitrate of silver,
we throw down the chlorine, and determine its amount. A
litde muriatic acid will remove any excelS of silver that may
have been added.

We now mix the vanadiate deprived of its chlorine, and in
the state of fine powder, with bisulpbate of potash, and fuse the
mixture in a platinum crucible. If we digest the fused mass in
water the vanadic acid and excess of bisulphate of potash will
be dissolved, and sulphate of lead will remain behind, every
19 grains of which are equivalent to 14 grains of oxide of lead.

The vanadic acid solution is now mixed with muriatic acid,
and a little sugar, and boiled till it assumes a blue colour, a
proof that it is converted into oxide of vanadium. Ammonia
will throw down oxide. But the digestion with muriatic
acid and sugar must be long continued before the whole
vanadic acid is deoxidized. Every 10·5 grains of oxide of
vanadium are equivalent to 11-5 grains of vanadic acid.

Sect. 8. Analllsia of Ckromaus.
The only chromates hitherto met with in the mineral

kingdom are the chromate of lead and melanoc/woite, which is
a subsesquichromate of lead.

The colouring powers of chromic acid are so great that it
is easily recognised when it enters as a constituent of a solid
body. If we mix a little of the substance suspected to con­
tain it with borax, and fuse it before the blowpipe on char­
coal, the bead assumes a beautiful emerald green colour. This
colour of course will be modified when metallic oxides capa­
ble of communicating colours to borax are present. If we
heat a chromate with muriatic acid, chlorine is disengaged,
and the acid assumes a dark green colour.

When a chromate is in solution in water, nitrate of lead
throws down a fine yellow precipitate, and nitrated 8uboxide
of mercury a deep red precipitate.

The analysis of chromate of lead is very simple. Reduce
it to a fine powder, and digest it for some time in muriatic
acid. If we pour alcohol into the mixture we dissolve of[
the chromic acid, and leave ch\ot\ne 0\ \~a~. ~~~'t, ~'\.
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graiD8 of which after fusion are equivalent to 14 grains of
oxide of lead. If we digest the alcoholic solution, aDd then
add caustic ammonia, the chromic acid is separated in the
state of green oxide, every 5 grains of which after ignition
are equivalent to 6d grains of chromic acid.

Sect. 9. baly.u ofMolybtlate8.
The only molybdates hitherto met with in the minenI

kingdom are molybdate oflead and triamolybdate of lead.
When molybdic acid or oxide is fused before the blowpipe

on a platinum wire with biphosphate of soda, the bead in the
inner ftame assumes a beautiful green colour, which is perma­
nent; in the outer ftame the colour is weaker, and almost
disappears when the bead is cold. When borax is substituted
for biphosphate of soda, the bead in the inner ftame is brownish
red. When fused with carbonate of soda on charcoal, the
molybdenum is reduced and appears under the form of a grey
metal.

Molybdic acid is easily dissolved by alkaline solution&, or
their carbonates, forming with these bases very soluble salts;
but its compounds with earths and metallic oxides are
generally insoluble. Hence most of the earthy and metallic
&alts occasion precipitates when dropt into the alkaline molyb­
dates: these precipitates even appear in the bimolybdates,
provided the solutions be not too dilute.

Nitrate of lead throws down a white precipitate; nitrated
8uboxide of mercury a yellow precipitate; solutions of per­
oxide of iron a yellow precipitate; nitrate of silver a wAi~

precipitate. The precipitates formed by chloride of barium,
or chloride of calcium in the bimolybdates are not dissolved
by the addition of water, but they dissolve readily in nitric or
muriatic acid.

When nitric or muriatic acid is dropt into a molybdate the
molybdic acid is thrown down, but it is re-dissolved by an
excess of the precipitating acid, and even by water if added
in sufficient quantity. Oxalic acid, tartaric- acid, a(''etic acid,
and even sulphuric acid, occasion no precipitate when dropt
into solutions of alkaline molybdates. They even dissolve
the precipitate thrown «Iown by muriatic acid.

Molybdic acid before ignition is easily soluble in acids, but
exposure to a red heat renders it insoluble in these bodies.
However, bitartrate of ~otasb. dissolves it in a boiling heat
even after ignition.
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Prussiate of potash when dropt into acid solutions of molyb­
dic acid, or into alkaline molybdates mixed with muriatic
acid, throws down a reddish brown precipitate, which is re­
dissolved by the addition ofammonia, and the solution becomes
light coloured.

Sulphuretted bydrogen gas gives the solutions of molybdic
acid a green colour, and throws down a brown precipitate.
But sulphohydrate of ammonia produces no precipitate. Yet
if we add muriatic acid, a brown precipitate of 8ulphuret of
molybdenum falls.

A piece of zinc put into a molybdate, or solution of molyb­
dic acid, reduces the acid to protoxide of molybdenum. Hence
the liquid assumes a dark blackish brown colour. Tin pro­
duces the same change.

Molybdate of lead may be dissolved in dilute muriatic acid
by means of heat. On cooling the chloride of lead separates
in crystals, which may be separated, fused, and weighed.
Every 17·5 grains of tItis chloride are equivalent to 14 grains
of oxide of lead.

Evaporate the residual liquid to dryness, and digest the­
dry mass (which is blue) in nitric acid. It will be converted
into a yellowish powder, which is molybdic acid. This acid
is to be cautiously dried, ignited, and weighed.

The method of analysis just given is exceedingly easy, but
it does not give an accurate result, as we cannot by means of
muriatic acid effect a complete separation of the molybdic acid
and oxide of lead. If we wish for accurate results we must
dissolve the molybdate of lead in muriatic acid, and after
separating as much chloride of lead as we conveniently can,
we must add sulphohydrate of ammonia in excess to the liquid,
and digest for some time in a Bask, the mouth of which is
stopped by a cork. The rest of the lead will precipitate in
the state of 8ulphuret. Let it be separated by the filter,
washed, ignited, and weighed. Every ]5 grains of it are
equivalent to 14 grains of oxide of lead.

Add muriatic acid to the liquid thus deprived of lead, and
set it aside in a warm place till the sulphuretted hydrogen bas
made its escape. A brown precipitate falls, consisting of
8ulphuret of molybdenum. Determine the weight of this
precipitate, and then digest it in aqua regia till the molyb­
denum is dissolved, and only sulphur remains. Estimate the
weight of this sulpbur in the way already explained. Th.~a

throw down the sulphuric acid in tne \\\\q\~ 'a, ~\\n~~ ~\.
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barium, and determine the weight of the sulphur in it by the
method formerlyatated. The weight of the 8ulphur being
thus known, and subtracted from the original weight of the
lulphuret, leaves the weight ofmolybdenum which it contained.
Every 6 grains of molybdenum are equivalent to 9 grains of
molybdic acid.

Sect. 10. Analysil of Tungstate,.

The only tungatates hitherto observed in the mineral king-
dom are the three following; namely,

1. Tungstate of lime.
2. Wolfram, or tungstate of iron and manganese.
3. 1'ungstate of lead.
Tungstic acid has a yellowish colour, and when heated it

assumes a lemon yellow tint. It is fixed, and does not sensi­
bly dissolve in water, or in acids.

With the alkalies it forms salts which are soluble in water.
The alkalies and their carbonates dissolve this acid, even after
it has been ignited, but the solution is much more difficultly
accomplished than that of molybdic acid by the same bodies.

When muriatic acid, nitric acid, or sulphuric acid, is dropt
into these solutions, white precipitates fall, composed of tung­
stic acid, and the precipitating acid. They are not soluble ill
an excess of tbe acids employed to throw them down. Phos­
phoric acid thro\vs down a precipitate which is soluble in an
excess of phosphoric acid. Oxalic acid occasions no precipi­
tate. The same remark applies to tartaric and citric acids;
but acetic acid throws do\vn a precipitate not soluble in an
excess of the acid.

Almost all the compounds of tungstic acid, with the earths
and metallic oxides, are insoluble in water. Hence most of
the earthy and metallic salts occasion precipitates when dropt
into an alkaline tungstate. Chloride of barium, chloride of
calcium, nitrate of lead, and nitrate of sil\rer, throw down
white precipitates, not soluble in an excess of water.

Sulphuretted hydrogen, or even sulphohydrate of ammonia,
occasions no change in the alkaline tungstates. But if we
add a little dilute muriatic acid, a light brown precipitate of
sulphuret of tungsten is thrown down.

When tungstic acid is fused witli biphosphate of soda in
the inner flame before the blowpipe, the globule assumes a
fine blue colour. In the outer Bame this colour disappears.
If the tungstic acid conta.lu ltaU, U\~ ~a\)~\.~\~~~\~~~,«&me
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assumes a blood-red colour. \Vhen tungstic acid is fused with
borax in the inner Hame, the colour is yellow or reddish
yellow. When fused with carbonate of soda on charcoal,
tungstic acid is reduced to the metallic state.

Tungstate of lime, in the state of a fine powder, may be
digested in thrice its weight of concentrated nitric acid till
almost all the acid is evaporated away. We then add an
additional dose of acid, and continue the digestion till the
whole is reduced a second time almost to dryness. By this
continued digestion the lime will be separated from the tung­
stic acid, and combined with the nitric acid. If we digest
the matter in alcohol, the nitrate of lime will be dissolved, and
caustic ammonia will dissolve the tungstic acid. If any thing
remain, it will be silica or the stony matter (U8ually quara)
on wbich the crystals of tungstate of lime had been deposited.

If we mix the alcoholic solution with sulphate of ammonia,
the lime will be thrown down in the state of sulphate. Let
it be dried, ignited, and weighed. Every 8·5 grains of it are
equivalent to 3-5 grains of lime.

1'he ammoniacal solution of tungstic acid is evaporated to
dryness and ignited. It is now pure tungstic acid.

When tungstic acid is combined, as in wolfram, with oxides
whose chlorides are soluble in water, it may, according to
Wohler, be analyzed in the following manner :--Reduce the
wolfram to powder, and fuse it with twice its weight of anhy­
drous chloride of calcium in a platinum crucible. Boil the
melted mass in water; the chlorides of iron and manganese
are dissolved, but the tungstate of lime remains undissolved.
The iron and manganese are separated and determined in the
\\-"ay formerly explained, and the tungstate of lime may be
analyzed in the way just described.

I tried this process of Wohler unsuccessfully. The wolfram
remained undecomposed after being kept a considerable time
in fu~ion with chloride of calcium. But the usual mode of
analyzing this mineral is fully as easy as this process of
Wohler, even supposing it successful. It is as follows:-

Reduce the wolfram to powder, mix it with twice its weight
of carbonate of soda, and fuse the mixture in a platinum
crucible. Digest the fused mass in water till every thing
soluble be taken up. The oxides of iron and manganese
remain undissolved. Di880lve them in muriatic acid, and

• PoggendorfF'tl Annalen, \\. "5.
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separate the iron (after peroxidizement) by benzoate of
ammonia, and then throw down the oxide of manganese by
carbonate of Boda. The alkaline solution contains the tungstie
acid, which may be thrown down· by muriatic acid, and dis­
solved in ammonia. The solution being evaporated to dryneas,
and the residue ignited, leaves pure tungstic acid.

Tung8tate qf lead may be dissolved in nitric acid, and the
solution being rendered as neutral as possible, is to be digested
with an excess of Bulphohydrate of ammonia. The lead is
precipitated in the state of 8ulphuret. Let it be separated,
and estimated in the way already more than once explained.

Add dilute nitric acid to the filtered liquid, and set it aside
till all smell of sulphuretted hydrogen is dissipated. The
tungsten precipitates in the state of a sulphuret. Let it be
separated and washed with water containing some muriatic
acid, as pure water dissolves it. Let it be dried and roasted
in a gentle heat. It is by this process converted into tuDgstiC
acid, which requires only to be weighed.

Sect. 1J. Analysis of Columbates.
The only columbates at present known in the mineral

kingltom are the following five :-
Yttrotantalite, of which there are three species, namely,
1. Dicolumbate of yttria.
2. Triscolumbate of yttria.
3. Tetracolumbate of yttria.-and
4. Fergusonite, or pentacolumbate of yttria.
5. Columbite, or columbate of iron and manganese.
Before the blo\vpipe columbic acid fuses into a transparent

glass with biphosphate of soda, which distinguishes it from
silica. With borax also it fuses into a transparent glass, which
becomes milk-white on cooling, or at least when gently heated
after cooling. This also distinguishes it from silica. With
carbonate of soda it unites with effervescence, and when this
is done on charcoal, the columbium is not reduced to the
metallic state.

Pure columbic acid is a white tasteless powder, which does
not redden litmus paper, and after ignition it is insoluble both
in acids and alkalies. But it becomes soluble if we fuse it
with caustic potash, or 80da, or with their carbonates. It
dissolves also when fused with bisulphate of potash. If the
fused mass be digested in water, the hydrated columbic acid
remains undissolved.
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This hydrate is insoluble in water, and very little soluble
in acids. Sulphuric acid in a concentrated state indeed dis­
solves a little of it, but it is again precipitated when we dilute
the acid with water. Fluoric acid however dissolves it readily.
When boiled with binoxalate of potash it is dissolved in COD­

siderable quantity. From this solution prussiate of potash
throws down a yellow, and tincture of nut galls an orange
precipitate.

Hydrated colombic acid dissolves in caustic potash. From
this solution the columbic acid is thrown down by muriatic
acid, and doubtless by other acids, and is not re-diuolved by
an excess of the aeid.

When we fuse columbie acid with fixed alkaline carbonatee
the fused mass does not dissolve in water. But if we wash
out the excess of alkali by cold water an alkaline columbate
remains, which may be dissolved in boiling water. From this
solution the columbie acid is precipitated by simple exposure
to the air in consequence of the carbonic acid which is ab­
sorbed.

Sulphuretted hydrogen gas produces no change UPOD

columbic acid. If 8ulphohydrate of ammonia be introduced
ioto the solution of columbic acid in binoxalate of potash, the
columbie acid is thrown down by the ammonia, while sul­
phuretted hydrogen gas is driven off.

The different species of yttrotantalite8 were analyzed by
Berzelius in the following manner :-

The mineral being reduced to a fine powder was mixed
with six times its weight of bisulphate of potash, also in fiDe
powder, and fused in a large platinum crucible till the whole
of the mineral was dissolved in the salt. The melted ID888

being allowed to cool, it was boiled repeatedly with a large
quantity of water, till all the soluble matter was extracted.
The columbic acid remained undissolved, while the bases con­
tained in the mineral were dissolved in the excess of sulphuric
acid of the bisulphate. To ensure the complete solution of all
the bases, the undissolved portion may be boiled for some hOUri
with muriatic acid, and the acid afterwards added to the origi­
nal solution.

The liquid thus obtained was neutralized by ammonia, and
a current of sulphuretted hydrogen gas passed through it. A
slight dark brown precipitate fell. Mter washing, drying, and
roasting, this precipitate consists of tungstic acid.

II. ~ N
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The liquid thus freed from tungstic acid was boiled to dri,·e
off the 8ulphuretted hydrogen, and mixed with some nitric
acid in excess to peroxidize tIle iron which it contained. Jt
was then tbrown down by caustic ammonia. The precipitate
was white coloured; it was collected on a filter, washed, and
dried.

Oxalate of ammonia threw down the lime from the filtere(1
liquid.

The white precipitate was dissolved in nitric acid, and
precipitated by oxalate of ammonia. The precipitate was
collected 00 a filter, and washed first with pure water, and
afterwards with caustic ammonia. It was now ignited and
weighed. Being dissolved in muriatic acid, it left a small
quantity of columbic acid. The solution being neutralized and
mixed with acetic acid, a little sulphohydrate of ammonia was
added till the acid was saturated. The liquid being heated,
and put in a warm place, a little dark powder fell, which after
ignition proved to be oxide of uranium. The rest of the
white precipitate ,,"as yttria.

To the liquid thus freed from yttria by oxalate of ammonia,
n little caustic ammonia being added, a yellow matter fell. It
waH fe-dissolved in muriatic acid, and thrown down by car­
bonate of ammonia in considerable excess. It was no. pure
peroxide of iron.

1'he analysis of Fergusonite is conducted upon nearly the
same principles as that of yttrotantalite, but as it contains also
oxide of cerium, zirconia, and oxide of tin, some additional
steps are necessary.

l"he columbic acid left, ,after dissolving the bisulphate of
potash off with ,vater, was washed in a solution of sulphohydrate
of ammonia, which dissolved a Ii ttle tin. "fbe solution being
evaporated to dryness, and roasted, left grey oxide of tin,
~asily recognised, because when treated before the blowpipe
\"ith carbonate of soda it is reduced to metallic tin.

The liquid from which the columbic acid was separated,
was precipitated by caustic ammonia. "fbe precipitate was
white, but became tile red after ignition, showing that it
contained oxide of cerium. Being dissolved in muriatic acid,
chlorine was given out, and when crystals of 8ulphate of potash
were put into the' solution, potash-sulphate of cerium precipi­
tated. When dissolved in boiling water, and mixed with
CRustic potash, the pure oxide of cerium precipitated. It ,,"as
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washed, dried, ignited, and weighed. And the quantity of
protoxide of cerium is estimated from the peroxide thus ob­
tained in the way already explained.

The muriatic acid solution, obtained by boiling the impure
columbie acid in that acid, was precipitated by caustic ammonia;
a brown precipitate fell, which dissolved in boiling muriatic
acid, except a trace of columbie acid. The solution being
neutralized with ammonia, and mixed, at a boiling tempera.
ture, with sulphate of potash, a precipitate fell, which was
zirconia. Benzoate of ammonia now threw down a little
peroxide of iron.

The liquid from which the oxide of cerium had been pre­
cipitated by sulphate of potash, being treated with caustic
potash, a precipitate fell, which was ignited. Being dissolved
in muriatic acid, it left a little zirconia. The solution in
muriatic acid being neutralized by ammonia, and mixed with
sulphate of potash, a little more zirconia was thrown down.
The liquid thus freed from zirconia was saturated with tartaric
acid, and mixed with sulphohydrate of ammonia. The iron
was thrown down. This precipitate being dissolved in nitric
acid, and the iron thrown down by ammonia, gave the amount
of that metal in the state of peroxide.

The residual liquid was evaporated to dryness, and the
residue ignited. It was now dissolved in dilute muriatic acid,
and precipitated by caustic ammonia. The precipitate, while
still moist, was digested in carbonate of ammonia, which dis­
solved the oxide of uranium. What remained possessed the
characters of yttria.·

No remarks are necessary on the mode of analyzing colum­
bite; the process is precisely the same as that for yttrotantalite,
only the number of constituents being fewer, the steps are less
numerous.

Sect. 12. Analyai8 of Titaniatea.
The only titaniates known at present to exist in the mineral

kingdom are the nine following:-
J. Titaniate of iron, or menachanite,
2. Iserine,
3. Subsesquititaniate of iron,
4. Crichtonite,
5. Nigrin, or quintotitaniate of iron,

• See Hartwall'. analysis, Kong. Ve\. A.~aq. \:\U\.~., \.~C}.~,~ .. '\.~~ ..
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( 1.)~ DititaDiaJe of inn,
(2..) T_ of in.,
(3.) PeatetitaaiaJe of in-.
7. Pnoda.,
8. .iE.dayaite,or tiDn....of~em-,&.e,....-.
9. Spbeae.
WIIeu btaDie Kid is faIed before~ blowpipe willa ......

phate of IOda in tJae mner Ia.e, tile bead _ 5 a riels
eoloar, .hich appean much IDOI'e c:onspicaoaI wile. tW~
eooIs. The additioa of a little tin CUIMS~ w.e eaIo8r to
appear 1OODer. In the ou&el' 8ame~ blue c:oIoar diappe8n.
If the btanie aeid eoutains iroo tJae coloar beea.rs ill the iDDer'
Same blood-red. "-ith borax titanic Kid fuses is the .ner
Same into a colourlcs gta., .hich .ben again _ted ben !I

milk-white. In the inner Same the glass becomes yellcnr, ....
by continuing the blast itMAlDes a blue colour, wbicIa beca.es
mach deeper by increasing the quantity of titaDic acid. lrJda
carbonate of eoda 00 ehan.-GaI, titanic acid fuses into a reno.
glaM with efre"~oce,which on eooling becomes grey_
opaque.-

Pure titanic acid, wLeu precipitated &om muriatic .ad by
boiling, and afterwards ignited, is a wbite tasteless penrder.
H it be precipitated by an alkali and then ignited, the colour
illight brown, and it is concreted into lumps which baTe a
Itrong lustre. ""hen its colour is reddish it contains a little
iron. "wben titanic acid is heated it becomes lemon-yellow,
but the white colour returns as the acid cools.

Ignited titanic acid is insoluble in all acids. If it be fused
with pure alkalies or their carbonates, it combines with them,
while the carbonic acid makes its escape. The fused IIIaI

bas a crystalline texture. Water dissolves the excess of base,
and leaves the alkaline titaniate undissolved; it dissolves in
muriatic acid by the assistance of a gentle heaL H we dilute
the solution and boil it, the greatest part of the titanic acid is
precipitated in the state of a white heavy powder. When this
precipitate is collected on a filter, the liquid passes through
clear as long as it continues acid; but when the water becomes

• Titanic acid is easily diltiDguiahed by the blowpipe from maugaDeI8
and cobalt. Manganese gives a violet colour with biphosphate of soda in
the outer flame, titanic acid in \he inner, .\\ile cobalt gives a blue colour
both in the oater and innet \\ame.
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pure it passes milk-white, and this continues till the whole
precipitate makes its way through the filter. This can be
prevented by acidulating the water employed for washing the
precipitate with muriatic acid.

When titanic acid has been thrown down from its solution
by an alkali, it may be washed upon a filter without passing
through, and it dissolves again in acids, which is not the case
with titanic acid thrown down by boiling.

Potash, soda, ammonia, and their carbonates, throw down
white bulky precipitates from the solution of titanic acid in
muriatic acid. The precipitates do not dissolve in an excess
of the precipitating alkalies, but readily in an excess of
muriatic acid.

When the muriatic solution of titanic acid contains as little
free muriatic acid as possible, dilute sulphuric acid, arsenic
acid, phosphoric acid, tartaric acid, and oxalic acid (especially
this last) throw down white precipitates. All these precipitates
are re-dissolved in an excess of the precipitating acids, or in
muriatic acid. Nitric acid, acetic acid, and succinic acid
occasion no precipitates.

The tincture of nutgalls throws down an orange-red preci­
pitate, which is characteristic of titanium. Prussiate of potash
throws down a precipitate having very nearly the same colour.

Sulphuretted hydrogen occasions no precipitate; but sul­
phohydrate ofammonia throws down a white precipitate merely
in consequence of the ammonia which it contains.

If a piece of zinc be put into a solution of titanic acid in
muriatic acid, the liquid assumes a blue colour, while hydrogen
gas is disengaged. After a time a blue precipitate falls, which
gradually assumes a white colour. Iron or tin acts in the
same way as zinc.

All the titaniates, so far 88 known, appear to be soluble in
muriatic acid.

The analysis of minerals containing titanic acid is attended
with so many difficulties, that chemists have not yet been able
to overcome them all. We owe much on this subject to the
researches of Berzelius and H. Rose.

We shall begin with titaflverous iron ore, which, containing
both oxides of iron, requires particular management.

Mosander, to whom we are indebted for the latest and best
analysis of titaniferous iron ores,· took the following mode to

• Kong. Vet. Acad. Hand!., \6')9. \\ ..~\ ..
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determine the state of oxidizement of the iron :-A quantity
of the ore, reduced to a fine powder, was introduced into a
porcelain tube on a porcelain tray. To the tube was attached
an apparatus for the evolution of hydrogen gas, already de­
scribed in a former part of this work. The tube being filled
with hydrogen gas, the porcelain tray with the ore was heated
to redness. The oxygen of the iron at that temperature
united to the hydrogen, and made its escape in the form of
water. The process was continued-for half an bour after all
evolution of water "·88 at an end, and it lasted altogether from
two and a balf to three hours. When the apparatus "Pas cold,
the ore was taken out and weighed. The loss of weight gave
the quantity of oxygen disengaged from the iron.

Diluted muriatic acid being now poured upon tile ore, the
iron dissolved witb the e,·olution of hydrogen. Towards the
end of the process it is requisite to add stronger muriatic acid
to dis."olve out the whole of the iron. The titanic acid remains
behind undissolved.

'fhe muriatic acid solution contains all the iron, and the other
constituents which (besides titanic acid) may be present. It
is digested with sOlne nitric acid to peroxidize the iron. The
peroxide of iron is now precipitated with the usual precautions
by benzoate of ammonia. Knowing the weight of the per­
oxide of iron thus obtained, it is easy to deduce the ,,"eight of
iron, and as the weight of the oxygen in combination with
that iron had been already determined, we obviously have the
means of ascertaining how much of tbe iron ,vas in the state
of protoxide, and how much in that of peroxide.

'I'he liquid thus freed from iron, is to be evaporated to
dryness, and afterwards ignited to drive ofT the ammoniacal
salts. The dry residue is to be digested in muriatic acid.
Should any thing remain undissolved, it is to be examined by
the blowpipe. It ,vas found on one oceasion, by Mosander,
to be a mixture of yttria and oxide of cerium.

From the muriatic acid solution, let the manganese be
thrown down by sulphohydrate of ammonia.

The lime is to be thrown down by oxalate of ammonia.
Let the residual liquid be evaporated to dryness, and

ignited, to drive off the ammoniacal salts. If we now mix
it with sulphuric acid, evaporate to dryness, and expose the
residual salt to incipient ignition, we shall find it to consist of
pure sulphate of magnesia, from which the magnesia may be
extracted, and it.4i\ weight detetm\n~d in the usual way.
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The undissolved titanic acid is to be digested in sulphuric
acid, mixed with its own weight of water. By repeated, boil­
ing in this acid liquid, the whole titanic acid is dissolved, and
what remains is silica.

l ..et the sulphuric acid solution be evaporated, till as much
as possible of the excess of the sulphuric acid is driven off.
Dilute with water, and add some sulphohydrate of ammonia.
Occasionally a slight precipitate of sulphuret of tin falls. The
titanic acid is still contaminated with about one per cent. of
iron and manganese.

The same process of analysis will answer for menachanite,
iserine, subsesquititaniate of iron, Crichtonite, and nigrin.

Pyrochlore, so far as we are acquainted with its constitution,
is a compound of titanic acid with lime, and oxides of uraniumt

cerium, manganese, and iron. It was analyzed by M. Wohler,
ill the following way:-

It was heated to redness in a small retort made from a glass
tube, to determine the quantity of ,vater. The liquid dri\pell
off had a sour taste, and contained traces of an acid, probably
the Huoric.

A given weight of the mineral reduced to a fine powder,
was digested for a long time in dilute sulphuric acid, till the
whole was reduced to a white homogeneous looking mass.
During this process, some Huoric acid was driven off. The
surplus of sulphuric acid was evaporated ofT, and the bluish­
green mass remaining was boiled in a great quantity of water.
By this process, the titanic acid was thrown down, while the
gypsum was dissolved. 'fhe solution was filtered off from the
white heavy precipitate, which was well washed.

From the liquid, caustic ammonia threw down a small
quantity of brownish-yellow matter. It was heated in caustic
potasb, and the liquid being saturated with muriatic acid and
mixed with ammonia, let fall no precipitate. Hence tile
pyrochlore contains no alumina. The precipitate being digest­
ed in carbonate of ammonia, became dark-brown. The ammo­
niacal solution was yellow. When diluted with water and
heated, it deposited yellow Hocks. rrhese flocks before the
blowpipe, showed the characters of a mixture of oxides of
cerium and tin. The yellow solution being evaporated to
dryness, left a little peroxide of uranium. Tile portion undis­
solved in carbonate of ammonia, dissolved in muriatic acid,
and was found to consist of oxide of cerium, mixed ",'ith sonle
oxide of iron, and a trac<, of oxide of Inangan~~e..
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The ammoniacal liquid filtered from the brownilh..yellow
precipitate, was mixed with oxalate ofammonia, which threw
down the lime.

The residual liquid was evaporated to dryness aod roasted,
to drive off the ammoniacal salts. A greyish substance
remained which dil80lved in water. Phosphate of soda and
ammonia detected in it a trace of magnesia, but it consisted
almost entirely of sulphate of manganese.

The white undissolved substance, considered 88 titanic acid,
was digested for twenty-four bours in sulpbohydrate of am..
monia while still moist. It assumed a leek-green colour,
derived from a minute trace of iron. The 8ulphohydrate of
aminonia was separated and evaporated to dryness.. The
residual matter was ignited in an open vessel. It was a dirty
yellow powder, which being mixed with carbonate of soda, and
heated on charcoal before the blowpipe, yielded globules of tiD.

The titanic acid thus treated, was dried, ignited, and
weighed. It contained merely a trace of iron, but it might
contain both zirconia and columbie acid. To determine
whether either of these bodies was present, the following
experiments were made :-

A portion was fused with bisulphate of potash. The fusion
was complete, and the globule perfectly transparent; a proof
that the titanic acid contained no silica. When put into water
it became milk-white, and as it dissolved, a white powder
separated, which was collected and washed on a filter. From
the filtered liquid, ammonia threw down some white flocks,
which possessed the characters of titanic acid. l'he white
powder being digested in concentrated muriatic acid, was
completely dissolvedt a proof that the titanic acid contained
no columbic acid, which is insoluble in muriatic acid.

The muriatic acid solution being boiled, deposited a quan­
tity of pure titanic acid. The residual liquid being dropped
into a solution of caustic potash, gave a farther precipitate of
titanic acid, which was completely soluble in an excess of the
alkali. FJ:om this and some other experiments, the absence
of zirconia was inferred.·

The analysis of mschynite may be conducted nearly upon
the same plan; only, as it contains zirconia, that earth will
require to be separated from the titanic acid by the methods
already pointed out.
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Sphene is a compound of titanic acid, silica, and lime. It
was analyzed by Klaproth in the following way:

Being reduced to a fine powder, it was digested in muriatic
acid, by which a considerable portion was dissolved. The
undissolved portion was mixed with five times its weight of
carbonate of potash, and fused. The fused mass was digested
in muriatic acid, whicb dissolved it completely. l'he two
muriatic acid solutions were mixed and evaporated to dryness.
The dry residue being digested in water acidulated with
muriatic acid, the whole was thrown on a filter. The silica
was left upon the filter, washed, dried, ignited, and weighed.

The muriatic acid solution, thus freed from silica, was pre­
cipitated by caustic ammonia. The precipitate was titanic
acid. It was washed, dried, ignited, and weighed.

Nothing now remained in solution but the lime, which
Klaproth threw down by means of carbonate of potash.•

Various other modes of analyzing this mineral will easily
suggest themselves to those who have made themselves familiar
with the preceding part of this work•

• Beitrige, v. 243.



NOTE.

In the table of fossil plants, page 265, no explanation is given of th~

abbreviations put after most of the species. They refer to figures of the
lpecic~. Br. denotes the plates in the Hutoire du ~~tauz f088i/u by
M. Adolphe Brongniart. L. and H. refer to the plates in the British foasil
Bora of Messrs. Lindley and Hutton.

The arterisk (.) prefixed to a genus in the table indicates that li"ing
plants belonging to that genus still continue to exist.

In the table of animal f~sil8 that follows in page 290 of the same
volume, an asterisk C.) after the name of a species indicates that the species
exists in more than one formation. Those species after wbicb DO asterisk
occurs have been observed only in one formation.

r ,
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A

ABaAzlTK, 128
Acanticone, 364.
Achlrite, 607
Achmite, 47V
Adela in minerall, how diJcoyered, U. 3UO

~::::~~iS:SW
Adama.. "
Adularia, 2I!91
lEroIite,6t8
JEAquinite,425
..£thopbynum, Ii. 282
African mountaln., bei,bt of, ii. 38
Agalmatolite, sta

~::~~i::[n~I, II'
A,ate, 69
AIU,tite, :JOB
Alabuter, 119
AlaUte,Un
Albite, 2I»-analy.iI of, it 41'7
AlkaUes, fixed, huw aeparated Crom miner"',

U.:J8.I)
Alkaline bus, cbu of, 93
Alla,ite, bl2
Allanite, 419
Allochroite. J.~7
AUoJ8, metallic, analylit or, ii. 439
Alophane,243
Almandine, VM

ruby, il3
AlpI, eastern, ii. V56

westem.ll~
Altai chain, height or, i1. Z
Alum, ammonia. 30.')

potaah,~

lOCIa, :i06
AJumina, chemical chanacten 01, U. 37~

bihydrate or. W3
dihydrate 0'1, 224
diJilicate or, ~l
lIuate of,~
fluosilicate oC, 252
hydrate of, WI
hydl'OUl blIiIlcate oC, m 246
hydroUi diphOlphate of1~hydroul pentetillcate Of, V3&
hydrou. tri.i1icate of, 232
meUate of,~
quatenUicate or, 2W
lOcIaftuate or, ~I
.ubeetqui.llicate 01, 2&1
lulphate or, 'N7
'trlphOlphate of, i30
trl.ulphate or,~
•ulphate or iron, 472
and map_a, hydrou. diph(1lJ)hate

oC, :UO

Alumlnite, 226
Aluminum, 210
Alumltone, 3U7
Allu\'ial formationa, it M
Amaulite, WI
Amuon Btone, 291
Amber, 61
AmbJiaonite, 2M
Amethy.t,M

oriental, 211
Amiantbanlte, IY3
Amianthu., 193
Ammonia, 94

Bulphate of, ~
Ammoniac, 1&1, 1M
Amomocarpam, il~
Ampbibole, 1113
Amphiaene,~
Amphodelite, iJ69
Amygdaloid, il. ~II
Analcime, 337
Anatue, 91
Andalulite, 231
Ands, hei,ht ofmountalna In, Ii. 38
Andreaaber,ollte, 8t9
Andreolite,3W

~~~~~~,~1
Anbydrou. peroxide of iron, 431

.Uleate of iron, 461
Ankerite,~

Annelidea, fGUil, table or, li. :.JB
Annularla, Ii.~
Anomopteril, 11. i87
AnorthIte, 296
AnthoJitbes, ii. 286
Anthophyllite, 206

hydroua, 209
Anthracite. 51
Anthraeonlte, 114, J81
AnUmonleta. bow analyzed, it 478
AntlmoDy.83

alloy. or, bow analyzed, iL 4~0

aneniet of,~
bloom,~
crude, 86

=J;e~83
oxide of, Itl chemicalcbaraeten. iL

471
oxidea or, bow analyzed, II.~
protoxide of, ~
red,87
Mlquilulphide of, 86
lulpburet of, t*S
.blte,~

AntrimoUte,~
AS-tlte, 12•
Aphrite, lit
Aphrilite,369
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ApIome.lIlI&
AjlopbylUl<'. 3:lll
Apyrll<'. 3llU
Aqwunar\De.3ll8
AnucarIa,lLlI8:l
ArcIinl<'.ll'l1
Anodalite, :1M
ArfYedoonIl<'. 483
A....tlll~.l1'
A"lillaceaua Iron ore, '"
Aft'IIIOlIite, 117 :
AII8llUe 01 Iron,~

1~"'.~74
Um~. bilelqulhyclrous. 135
l8qulhyd,ouo, 1:1'

AroeoIaleo, how &D&Iyud, IL :.olD
A.-lo,78

cbemleal charaClerl 01. IL 4IllI
acld,81
bow 411 • ....., In mIn nl • Ii. 3IllI
a1lo)'1l \It, h .,.. on.U'. ,h, tell

'--1Ianc». ""I
DaU,e,'llI
0J.14 of, bow "yoed, IL 4111
HMJu lull'llId. 0(, 8lI
ulph of. I

A ,bl"
......leaI PJrI ,

A I ot..,t1 on, •
coPJl"l',
mangan_.611

......lea, how anal,.ed. II. 47~
ArRn 00 Ie d, 80
A h,it • I

~lh~:I, I ,n'~. lL 1177
AlPIlr.1\U II, I l
Alp/)aU, M

to'lat 211
Atlt'ropnylll' IL
AtacarnitO',
All ..,
Autlc...IIIO

~ llated, 1113
wblt ,197

~~::;:,~~~,M'l

1~rn~!itn ,bt ofmnuotalno or. II. 3S

Mure .pot. prIomatoidal, 310
Aaute ltoo~. 310

B

Bablnpnll<'. ~I

tf:~~~";"r~IL 91
Bal... ,uby, 213
Barclislion~. 610
BarIum. 100
Baroliu.IOI
Boroaet ,iI<', 103
Bary*, blcolclreo.arbon.lIt of, If!

~=~r=~;,ri~lO
corbon.l~of. 101
lutphO' ot, Ill:I
oulphollM:.O' na,~ or, lOG

Baryt.ocalcile, 106, 1£0
Ba!"fIOSuote ofllme, I'
I!ary,ooulphol" of Itroollan. III
&sa1!,l.!11

nJle, 'l'i
Baudlt...rI'. 167

cock~ra, IL
&Idler. tOnunlabu, ap of, IL 2!10

nJetill ort:, b9fIBerft"'3i; hil method or &D&IymS m1nera11,

Bersmannitel .!71Bertblmte, _
Bel'yl. 3Il8

.bo,lou•• 2M
BnaUle, 3l3, M7
BeneUua, Imprnwementa in mID"raJ anaIYlil,

by, il.351
1l<oUcIantile, SM. lI'l3

"

BIbor.1<' 01 ......... 161
....... W

BlboraoIIicate 01 lime, 146
B1ca1cano-carllon.1te 01 bIlryt.... III
Bibydnte 01 .Iumi.... lIlt3
Blldtteln, 313
Blnanenl~ 01 cobolt, 533
Biotine, 676
BIrnuaa,l!3O
Biliiteate 01 lime, 12lI
Bilmuth,_

alloys 01. bow UlOIylled. il. 4te,~
anenical,*
bIoond., :i9l
c:arboaate 01, 681
ferrual-.e .-alaIe 01, :llIlS
Jl\&nce. /llI9
Dati.e,_
ne..dle ore 01, 686
ocble.W3
OlLIde 01, M

Ito dlemical -..-. ii.=-""" UlOIysed, Ii.
IIlicate or, 6M
IUIpb: 01. 58ll-Ilow aulJ88d, Ii.

I<'lIuret 01, :l8t
JJ Ill~, 1
B ulp/lac..d ptrOJ< .01 Ircla.~
B ulph\dc or IDol enUIllo 81

I ulpbum ofhon, 4ti
.Ill 11"-"'10111I tt,6lO
BJwrll

Blott to,
loubl n.M\

BlelSI..... MI
B1etelotte. 5:lU
Blende.1l:llI
BUnde coeIL~1
Jlloedlte, 1m
B'-IItone, ",
Blue Iron ..rib, W
Blue Ipllr. 310
Blue ...u.ian 1ImaIaDe. 118
Blue .ilrlol, 6U'l
Bollde,~l
BoWgllian 1PIlf. 103
Bonen t 43V
Ilones ICCumUlated In yema, il. lIS
IlOIli(] rSle.3't3
BoracIc aCid, 63
.Borocllc~l~dlao...e.."lln ml-u. IL •

Borax, 99
Bo'dillhone. 123
Borecil.lI7
flo,oo,lI2
no....m..t. of Um~, I"
Ilotltrod.ndron, IL lI!iO
JJoll101 Ie. 1+11
Bould.... lIon... iL 61
Boumonlte, l

ana11 01. IL 610
Bradford clay. iL IV'
Brei.loItil<'. C176
Brniclte, ll80
Brewllmte, 347
Brilliants. 46
Brlmltone, 7:1
BfOIIllardite. 138
Braunite 601
BraUDlDl'bAtra, 161
BrocbanUc.., lIOl
Brookite. lllIl
Brora coal bedI, IL 131
Brown coal. ~
B,own ftbrous bematite, 4311
Brown lead ore,~

1PIlf, 181. '"
Brucll<', 1~ 183
1lI'ullOll, 161BucIlIandia, Ii. _
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BuekJaDdlte, 670
Bueholalte, 2M

h)'droua, 137
Buntkupteren. f'ti
Burntone, '73
Buttamlte, 518
Bytownite, m

C

Cacholon,. 70
Cacoxenite••76
Calaite, 230
Calamine, SU, [)13, M5

eleetrict M5
Calamite., lL m
C.alcalre lJ'OIIier, IL 82

.Uiceux, lL 83
Calcareo-carbonate of barJ*, Ito

01 mqneIia. 181
CaJc:areo.aaJpbate of wyles, I~

of atrootlaD, 112
Calcareou. apar, III
Calcedony, fJ7
Calcium, 114-
Calomel, natl.e. 636
Calton hill, it 21"
Candite.219
Cannoph)'lIitel, li. 28'
CantaUte,M
Ca~lo~Good Hope, hei.bt of mountain. at,

Caoutchouc. JDlneral, 57
Carbon, '"
CarbooMe of barytea. 101

IOda, U6
Carbonate.,~~fi.~3Il 513

Carbonic acid, bow ita quantity in a mlDeralll
detftmlned, il .w3

Carbonopba-pbate oIlron, 474. .
Carbuncle, il66
Carnelian. tn
Carpathian mountalna, beiabt oI',1L 33
Cuplan lea, height or. Il. "
CaucuUl, hei,ht or, lL S5
Caulopteri.. iL 288
Cau.ranlte, 381
Cawk,103
Celeltine. 109

radlatN, III
Cerlt~ 415
Cerium. carbonate of, 41i

Suate of, 4.18
lernl" 414.
OXide,_chemical cbaracten 01', lL ..
MlquUluate of, 617
Iillcate of, 415

Ceylanlte, 218
Chabuite, S35
ChaJc:mte.~
ChallUte, 3M
Chalk,1I4
Chait formation, lL 9t-esteDt of, II 99
Chalk marl, Il I.
ChamoiJlte.4GO
Chara, II. 191
Chelmafordite, ~I
Chlldrenite, 476
Chloride or .Uyer. 8M

Chlorides, h~l:t)'=, lL 483
Chlorite, :wJ

baldagH,387
earth,3.W

Chloro.carbonate of leed. 588
Cbloropal. 463 .
Cblorophelte, 670
Chlorophane, 126
Choodroclite. 183
Chromate ot iron, 481
Cbromatel, how analyzed, lL 6..W
Chromic arid, how dUeoYered In miDeraII, U.

56
Quomboo ore. ..
Cluamium,.

osIdeI 01, bow aDalped, U. 488

Chr)'IOberyI,400
anaIJliI 01. U. ao

Cbr)'lOCO'lla,619
Chf)'IOlite, UIS
ChryaoprMe. 8U
Chuaite, 163
Crocalite, 315
Cinnabar, 6.16
Cinnamon .tone. i65 .
Clathropteria, ii. 'lfJ7
Clathrarla, II~
CIa)' lronatoae, "'

browo, ag
red, a.i

Cia)' .late, IL UJ
elloW

, 439

g:::c;::~
Clutbalite, S99
Coal, M1

blac:k,52
brown. 61
eakio•• 52
cannel, M
cbeny,M
moor,~

.late, 52
Iplint, 52 .
wood, M

Coalfield cte.crlbed.li. 146

~:~~:~~Z~~b, lL 165
A)'nhire. ill~
Birmio.bam, li. 1M
Bmtol, il 170
CoYentry, U. 18.')
Durham. ii. 161
Fon-t of Dean. iL 170
French, Il 173
German, 11. 175
Glupw, ii 167
Indian, lie 177
Irlah, iL 171
)fancbetter,IL 183

=~\i:.::t.':iIi*,
Northumberland, U. un
NotUngham

i
lL 183

=~:~I~
::~t,lk)l~

~&:h~~~~iL I.
Coal, COIIiI plantaln, iL 1-18

m..uree, li. 146
Cobalt, blnanenlet of, &.1S

bloom,M6
cllaneniate or, 5S&
diaulphate 01'. _ .
1dan~U7
ilea,MI
mlca,~
oebre,~

ore, brlabt wblte, &.T7
radiated wbite. MI
lelqulaneDlet of',~
.ulphoaneolde of, MIl
IUlpburet ol.~I-howaoaJ,aed, ii.liOl
teranenlet of, 63& _
white ON of.~

CoeeoI1te, 190 •
Cockle,36U
CoccI, il 285
CoIopboalte, 117
CoIumba&ea, aaalfIla 01. It Mol.
Columble aclcl. cbemlQi char.aen 01, U. S'M
Columblte, 486
Columblum, 80
Columnar coal, 51
Commln,eomte•.-
Common NIt, 100
Comptonlte, :m6
CoaChI"'" Cc.il, table 01, U. 310
Conclurrlte, tn4
ConkYU-. U. 28B
Canlte. 181
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• IL

IL~I

01, IL lI28

,11.491
"',61:1

an.lyllf!d, II.

D

Dathollte, I"
Daurile. :lIIlI
I>aYicllonit... 247
Dayyne,lI:.6
l)elphlnlte. :1M
Deomln..,lU4
DO'YOlIlte, :IU8
Dlallap, green, 1113

mf'lellold, 173
rock. iL 1111

0i1,.11 .~lt
Ol.m Dd,
01 otld .par. \11 t

1ft
DIar It•• '3:1

E

Euth. denally ot, IL II
.1.1.. and "'- 01, U. 1
.urface or. IL :10
t ,~ .... or,IL'

&blnlt • r_n. Ii
E.chlnoolocby.. IL .
EdI~t Sl$
Ellr i:J9
Egyptian pebble, 67
Kilenrabm. 435
Eilerf'ftint~

linter, 477
EI_lIt... 3I13
E1eph.nt, toaoll. Ii. 86
Emerald, 398

analJlil or, Il 4lI5
ma1a<:bite.611

Em...,.,21t
End Ilion..
E<Jc,c,n.. (ormation IL 1
Epldnl..,
Kpoom wt, 150
EQulletum. n. '>IB7
Erlclnl••• 3111
Erlnite. 341. 610

\anlte,
bupOOIU t..!ltoa and VentYlua, II. Nt

obirp UlOWltoilla, II.~
Eom.uklte, 144

nit 111'~
lElna, h..l.bt of, Il SS
Eucbyolclo,orite, LlIO
Em:\ :IlI6
~~~ :-method or anaJram.. II. 410

F

F.hl 6ll6
Fahlo 6l!6
)o'ahlunlte. l!ll4
Falunl or th.. Loire, IL 77
F_lte,l90
F.,ular!a, IlllllO
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"~ath...""lite, :1I:;
.'ellpar,lIlIl

~rumblinll.lIlI"
alul)'.>!IJ¥
Labrndo.... 297

Feltpath. blue. 310
ten_, 301

Fe!sleln,1Ill1
.Per...anent.tf. ·437

l"l\k:ano..oU~u • 118
opathlqu~l.!~l

rf7llUtCWIlr•• WI
F......"'c..bon.le of IlIAe..i.. 1110
F tr..o.f~rrlc oxld~• .:1:1
FerruRinou. pb..pbalO of Iron, 47'l
·dtJt.e"o,3G3
Pem~Tlt n.
tlbrollle, iM
., .ureoton •343
Fiicltt'JI.ti.m

lon•• llila
F1a llarla, it $~
F1inl,RII

iron,M
Flint)' Ilate. 7'l
F1uate otlime. l'llf
Flu~llIte.l!'lli
F1uoph..phal. of main. la. lSi
Fluo, pOr. I~
Fluoride of' calcium. liG
Fluorle aeid, bo.. d 1l'Clod In miner-l1., Ii. 3:19.

7
PluClIik:ate of alumino.~
For"'" marb' • II. 1!6

or ••11_0 Il.~

FormaUon.. It
table or. It M

Fonterlt • 1I111
Fral:tu~ eaplainod. 110"'0 . blah D\OUll!Alo, in. It 33

faHklin\t • "-97
FrullOrdite. l/liII
Fucoideo, II. l!lI8
Fuller'. eartb. 1I411
Fwible bornatone, 291

o
Gabronite, 2lI9
Gallollnlte. 408
Gahnite.117
Oalena, 11M
Oalllaen,tein. lI46
Oall~nlte, 9lI
Hall, II. 10:1
<iamet, l!6l

br~l:IW' It 4111
Bohemlan._
brown manJl&n~ i6ll
common. lI63
green.lillO
prel:lulI•• 264
yellow, 147
whlte,l!ll6

G~~atter in mlneralo bow ddenDinod.

0 ...... 641
Oault. II. 10:1
Oay,LuMlte. 1:11
Oelbmekaner•• 1111
Gehi.nil~. ~I

oekroateln\I'l1
Oibboite.2lI
Olooeckite.3ll2
Oilbertlte. lI:L\
OiamOlldin. 1:19
Olacl.. mari",. 3.'JO
Glance coal. 111
Ol"80W. fonnation on which It I. bulit. 25Il
Olauberlte. 1:18
Glauber', 1111. 118
Glaucolite. 3llII
Glauconite. :B1
Ol.-opteri.. Ii. l!ll6
GIoUaIite,~

Oluclna, eIIemltal "hanet... or. II. 37l

Glucinum. :~
Gmellnlte.310
Gnei... II. 1118
Oold, 6.\7

.lloy•• how .nalyaed, iI. 497
"b1orlcle. ehemlc:al eIIaraeten or. II. 467
....Uye.M7

Gothite. 4:Il
Or.mmaUte. 1113
Gnmmlte. 1211

r mp! • hel,bt or.1L 3lI
non teo Ii. i/OO
nophlt••

GrccJan mOllJltoln., htlilht or. IL S.
Green rtb,
Gr nlanailC!J

alanll moun"'ln , beJaht or. II. 36"'''''.670lind (ormaUon, Il 102
low~r.lt Ill:>
uJlll"r. iI. 10~

or Po",. 6l!O
Oreenatone. Ii. lIlO
Gregorite. 4M
OrenaUte.m
Gra de V..... It 140
Orey eopper ore. &l6
Greyw..,ke. iL 180

of the (lrampIaUl. Ii. lin
Grit.ll US
Groaularite. ll60
Gurboftan. 181
Uypoum.lID
Gyruol.70

H

Holdln~""t..
Ralnalt, 100
Haillt•• till
HolloJllte. I!lIl
Hallonl.. IL 2
H llutrlebum. lW
Ii mpoblre baIin. I 113
fUrdn' • D

mode or determlnlna. 10
Iabl. 0(. 7III

Horrootom•• 3W
HorrlnJloolte.
11 tlnp bedo. IL I
Ha manlll1.1JOO
Hauyn I

U.,U1rltl'. Iff
H Y)' par. 1It1
HedenbetJlte. 1:.0.
liedrpl n,
H ~t f Inh bl p.... on the atobe. Ii.

Heliotrope, 68
HeIYln~.~
lIem.tite. brown fibrou,.4:19

r..... ~:n
Hepatlt~. 1113
H....,hellite, tIi3
Helopi.lte. 47:1
Heulandlte. 316

~:~:r.:l~al~1~~7ma1aeb1t•• 467
Him.lay. mountoln•• belaht or. Ii. 3:>
HlllPurtt... Ii. l!8'l
lIi1ingerite. 478
Hopulte. Sill
Hon.,. lIone. lItS
HopeIte.M7
Hornblende, 1!l3-1nAly • or.IL 4111

L.bndo. I
Bornman,.,.. 6iO
Homln,et'~

1I0ral.ecl lid. It lOG
Homoton•• ru.<ibl.. I
Huma" bon... n I (oulld (oooll.IL 4e
Humboldlhtr. I
HUmboltln • .((11
Humbokltlte. U4
Humll .1111
Hur Ul t .011
HUJOllI.. ~
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HJadntb. us
bIanc:be cruciform, 3W

n,aUte, 'is
Hyalolkterlte. 106
Hydrarpliite, _
HJdr- of alumina, ft1

mapelia, IMS
Hydrates. bow analyled, U. 612-Ub1e~ il.

519
HJdroboracite, 183
JIJclrocarbonate or........~
HydroUte.S10
HJdropbane. 70
Hyclroul ~biborateof........ 163

carbonate of iron, 470
cIiallicate of iron. 4:JI
peroxide 0( iron, ...
•Uicate of lroD. 4.61

HypentbeDe. WI
blue, 193

Jade, 391
Jameaonite,lJ81
Jargon. 423
Japer.71

EaJptiaD '71
ribbon, ,71

Iceland mountalDl, belabt 01', Ii. 36
Icespar.290
Jdocrue,~

Je&nonlte. 1iI
Jetw ~2

Ifi':~~ri:i,7366
Ilmftlite, 488
llvalte, 1.8
IncliCOll::~.01. Il f.08
Jnbabltc.'d P.... prlndpal, belpt of, n. 63
InoUne, II"
Jodie acid, bow diJCOYered In • mln-.l,l U...
Iodide of "Iver,~
Iodide, how aDaI,aed, IL ..
Jobnlte,~
lolite.m

h,droua, 2'78
Iridium. 666

aUoYI or, bow uWyzed, II. 461
chloride of, chem1eal ebaracten 01.

ii.461
native, 666

Iron, 430
how .epanted from mlnerall. lie 378
alumina luJphate 0(, "72
anhydroUi peroxide of, 4M
anh)'droua Imeate of, 461
anenlate of, 458
bltulphated peroxide or, 450

=:.~~t~
carbono-phOlphate of, ...7.
chromate of. 482
cupreou••uiphuret of, bow anal,aed, il

511
dianeniate of, 45ft
dihydroUi peroxide of, 438
fJint,«»
froth, 431
hydroua biseequllilicate of, 462

carbonate or. 470
diailicate or. -I5Y
peroxide or. 439
lelquiJilicate 0(, 678
lilicate of, 461
tri6ilicated peroxide of, fJil

magnesia-carbonate of, .71
magnetic ore of. 4:J3
manICaneao-diphosphate of, 472
meteoric, 432-analylil of, U. 4-13
mica, 48.&
Dative, 43I--analy. 0(, U. 442
ox.idee of. how analyzed. lL ..
oxygen Nltt of, '""
pero:l~e of, ita chemical cbaracten, ii.

1ron. pbolphated, analJai. 01. IL :iIIlI
protox.Jde ~ ita cbemleaJ ella,....., i:

0&40
pyrite,.u2 •
aeaquianenlet or, 4G
anter, white, .t:J6
IpeCUlar ore or. 431
.utMlquia....iaw 0( 4M
IUblelquipbQlPbate 01• .eM
.ublelqultitanlate of,'"
aulphanenlate of, 171

:~:=:ec'..J:004i~0(, 461
.ulphuret of,.&.IO
IUJphuretl, bow aDa1JUd. lL ..
titaniate of, 4Q
triple IAlta 01, 481
white bbulpburet 01'. -It3 .

Irnn ore, UJiUaeeoua, '""
trlana_nelian, ~"7

JroDItoae, brown cIaY.l.439
red cla" 4:M
red .iliceoua, 4M

laerlne, 486
JlOpyre, S77
Itthmua of Darien, heilht of, iL 40
I ttnerite. 3ft
Juniperitea. 1L ..
Junkerite, .....8
Jura mountAlnI, n. 251
Jurlnite. 86U

K

Kamkie, 443

t:~~:e~~
Karpbollte,~
Kantenite,121
Kanten, 173, 206
Keratophylllte, 113
Kielel bbmutb. 5IN

malachite, a. CU8
apath,2S)I

Kllkenn, coal, &
KUUnlte, 330
Kimmeridge clar, II ) 18
Kirwanite, 3'78
Klaproth. lmproYemeata bJ in IDiDeIaI -,-

Ii.. ii. S48
KnebeUte. 486
Knorria, Ii. ~I

~~~ft~~~
Koupbolite, 27•.
Krokidolite, 480
Kupferglaa, 599
Kupferglimmer, fU2
Kupfcnchaum,610
Kyanite, ~.l

L

Labradorite, 297
Land, dry, extent of. iL 31
urdite, 313
Luionite, :.JB
Latrobite, 375
Luulite, 810

anaIJllI of, lL~
Lead,MD

aUora of, how analJzed. iL 447. '"'
aneniate of, 57.
bitelluret of, M&
black ore, :H1
carbonate of, M7
chloride of,~
cbloro-carbonate of, 54ID

~~~r:c:l~e, analJ8la of. U. WI
corneoua, M9
cupreocbromate or. :n5
cupreoua .ulpbate of. l4I

lulpbato.earboDate~ fin
dlcbloride ot, fH(
feather ore 01, MImoIJbdate 01, _



INDEX. 561

uId, IIlweoc:arbonate or. :lClU
naUYe,M8
oltlda or, bow aDAI,Hd, iI. 488
oaido.cblorlcle or. !lSI>
pboop/IAte ot, MO
protoalde 01, r.oo

Itt cbemlcal ebaneten, II.
MIl •

red...... sm
aelenlet or.~
Jelquloalde or.~
.&alumlnate of. 6111
~r. prlamat1e,~
...~ulebromateot. MI
IUlpbate or.~
.uIpbato carbonate or. 5lI7
IIUIpbalo-trlcaJtlonate or. 5lI8
.u1pburet of, MI

bow anal,Hd. It :'lOll
.upenulpburet of, :i6l/
triamol,bdate ot.liM
tunptalAl 01. :MIl
yanadlate or. M"J
wblte ore 01. :167

LeberkJ... MIl
Leellte. 300
Lebuntlte. S38
Lemanlte,WI
1Aot1eular copper ore, Glf!
LenJlnll , i48
LepldO<kndron. t
Lepldokroldle, Ul
!-ePldolite. 3G(
!-ej>ldoph,Uum. It
La el'ine.~
Leuclte. :
Llaa. It till
LI 'rlt • I
Liaurite. lSI
Lim • ebt'IDlcaI cbanetno or. II. 3'7.

anb,.d...UI .ulph lOr. 121
hafl108uate oc. 1
blbol'Ollllcate 01, 1

uihydro... Illate. I~
bUWcate or, I.
borOllllcate or; l"l
bydroUl .ulph or. 1111
aetqulbydro"....... teor.IM

.:,- ul:,.e.t::.l'j'\s
.ubaeaquJpboapbate;;t, 1M
•u~uWJlcale or. IllS
teralllcate or. 1:Ii
tun t te or. l3lI

LI~e.1I6
blue y_ylan. liS
mqu..tan, 181

L1noeoen. GIG
L1r1eonlle, prIomatlc, GIG
Lltbla, bow -.ated tI'olll mInera", It 3Il7
LltbiolporelW
Lltblum. I~I
Lltb......... 3'76
Llnr oreormen:ury. 6'9&
LoboIte.~
Lodullte.llIIl
LoIIloulte. S32
Loucbopter\a, II. 287
Loudoo '-In cleacrlbod. iL 90

day.lL 92
LotalIte. IllS
Lumocbella, 116
1.uItre.2O
LJllOPCX\lleI, II. lI87

fI:'':.:t:''~ .0

M

llIaclurlte. IllS
1IIadreportte. 114
Jf.....eaIa, aDbyd...... lillcale or. illS

blborate 01. IGI
caleareo cubonale 01. 183
carbonate 01, I~carbona" or 1nln. 471
dlhydJ'OU1 bltlllcate 01. 172

11.

loJ.......I., rerro-carbonate ot. 180
lIuophoop/IAte or. IlIlI
how;:ruated rrom UWIJ1l_. It

hydrate or. 1M
bydrocarbonate 01. I~
bydroUl blllllcate or. 172
hydrout ealcareoblborate or. IllS
bydrout JeIquIIWcale or. 1M, IIIB
potuh bhllieate or. IllS
.Wceou. bydlate or. 1M
aoda IUlphate or. 180
,ulphAte or. I~
t_lleale 0(. 17li

J(quedan limN_e. 181. It 1.2
M......ite. I~. liB
lIbsnetlum, 1M
......etIc Iron ore. 633

elWyN or. II. 181
Jllacnetlc pyrlt... ""'
Mataeblte, llOlI
MaJacolite. 187
Man, roull remain. or. It !II
Manpublende. SlO
Xanpn.....llII

aDhydroua bIDoalde or, IlO2
anhydroUi Jelqulollide or. 601
aneulet, MI
blllllcale or. lilG
blacIt oalde or, 600
c:artlcmate or. ~12
e:atbClalUeate or. MIl
cI1I1Ueate or. ~IS
lerru,t_ aWeate or, ~19
...yore or.liOII
how aeparated tI'om IIllneralt. II.

3'7lI
hydro blnoaIde or. :om
hydro Jelqulblnoalde or.llOiI
bydro Jelquloxlde ot.liOII·
...... rollated bIacIt. ~IS
oxw. or. how analy&ed, Il 688
pJl'UD1da1, 600
nd oalde 01. 600
1IIq~ 01. ~16
IlUeate or. M'
,ulpburet or. MO

bow elWyHd. IL 600
JlaDJllIIII\an o&lde ot &!De, 611

lroo ore, 4:J'7
1Ian.........dll>botPbate or 1nln. 47i
lIIanpnlte. 5Cl2 •
JIaDian klMel. red, MG
lIIutl1e, 116
lIIualite.W
lIIalJtrut, lint attempted tbe analJlIl or mine.

rall,lLM7
JfarJ.116

yarlepted, Il 13'7
Mannatlte. MIl
1II.........1ue.~
lIIeppbytOn. Il 28t
Meloulte. 271
lIIelanlle lillIlI
lIIetaDoc:brolte. MI
lIIellate or a1umlna,~
MellIUte. VOl
MaiDie. 2115
MenacbaDlte. 1M
Mercury. 1133

aIJoJl or. how anatJRd, It I5lI=,,0I.1I3lI
cIIebIor\de 01. II3lI
bow ..umated In a 1Ill1t, It~
nati••, ftS3
OSI~01, III c:beInleal charact... II.

aulpburet or. how anatyaed. Il S06
Meraetkalk.lL Ilia
MftOllte. SI7
MnotJPC. SII. Sili
Metel1lc "'"I anaty.l. or. u. 4SlI
Mete&Ite, 17
Jfnlcan mountain•• heI,ht 01. Il 10
MlaraJr\te, G4II
Mica. :wi

20
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_........=_~Ii. »CII

N

Nacrite, lU&
Nqyag tellurium ore. 583anal"" or, Ii. MO
Naphtha. 56
Nephlhallne, prllmaUe reainOUl, 511

apol<Ofllle, l!lll
NaU•• Pru lan blue, 4M

.'fin, In
Nal1'OlJte, 27~, 31b

a011)'l1l or. 11 ~8
Nl.'tTOIlIte,l!ll1
NC!<'dJe ore or blllDUlh. bOO

lpar. 117
IIone, SID
reoUte, 316

Nemallle.IM
Nepheline. 2b6
Nephrite, 1M
Netherlandl, mounta!DI or. iI. 251
Neurollte.3M
Neuropterla, II. 2lII
Neutral ba-,~
Ncwtlrldle, bOll

or

• 1lIiDenI. Ii. ..,

o
0b0D ~Iomerate, Ii. 186
0b0Idlan, 3IIS
Ocan, d1l1lftnt leYel, or. IL 63

0eIue,=.~GI
Oebrolta. 61b
OctahedrallrOll oN, 633
Oetabedrlte, III
Odeatop&eN. Ii. ll8lI
0iI0DIte, III
Oblllte,lm
01Jlllte \raD, W
OllriDlte, 613
011•• ore, M:Icular. «116

1bIIaled, 611
pr\I1IIatIc, 613
lIIINdnI, 616

Olblne,l63
Olot, extlnct~ or, IL 'l6
Onyx,tJ7
Oolite. 116

.....t,II.11l1
lower, IL IllS
middle, IL \18
uppe<,1L1I6

Opal,7U
COID1DGD,70
lire, 70
juper.70
pncloua, 70
wood, 70

Ortblte, 6111
method or analJSina. U. 6!li1

Orthooe.l!lll
Oamlum. oxide or, chemical cbaracten <>I. iL

4lI3
OotreomlJa, 114
Otrelite, 173
Oxalate or irOII. 469
oxrord clay, iI. Ilil
Oxld... mNllic. bow anaIJaed, Ii. 481
Oxiduioul Iron. 433
OXJdoch\orIde or lead, 56b
OXJluJpburet or line, MO

P

pab 1Ll!87
P te.343
P x}Til. IL 2lIb
Po1ladIum. 8M

al10Jl or. bow aDa1Jaed. Ii.~
n&tbe,1lM
Oz1~or. III cbeIIl1eal cbaracten, i~

oelenlet or. 456
Pandanocarpum, U. 2lIb
paranthlne, 271
I'arpIIte. lIS
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Paril bedt cIllIcrlled, II. iii .
PauUle. 201
Pear!lp&r. 181

~=elir' II. i36
Pecburan. MIl
PeeopteriI, IL iIIlI
Pektollte. 1M
PalIom,m
Pe1oko1l1le, GOll
Penlne Al 01. II. till
Penlllcluolt • I
Penl Oleale 01 alumlna,b~ i36

In.
Peridot, 1(J:l
Petalil 300

tre l,~

Pmol""",.M
Ues, I.SJ

Pence,n. l
PIwmacoUte, 13(>
:Pbarrnacodd . It' 4b7, lila

heoatl 3llf1

~:rci~,~1
l'lJoll!l'\le, i39
Pbooplla otl..<t, b'lO
PIl00phat 110. aoal1l • II. bill

lab! of, II. Ill'
Ph orlc Acid. bow dctel:led ID a 1II1nanJ, II.

1
Phoopborlte. 1116
PbOlilboruo, '76
PbotIsJlet.!!1l
PbyWle.'llI:SPbylliteo, II. _
PbyUotb-. II. _
PbyMlile, 2bll
PICoUle, 3IlII
Plerlle. 181
PIeroUle, 1111
PIcropbU'lllllCOille, l3b
J'Icroomlne. I'lli
l'lerre • ruau. IlII

de Irlppeo, Ilil
PinIIl',SS6
l'lnll.... Ii. I
PillJlnlorla, II, lISl

i""fJ~~l't ll87
w:lle.3M

Pilch_lOll
PilCh, Iron ore, 4'lt;.17
l'ltllIUe, '17
PlotJinlllle. ll80
PJ",IJ. ~ , tab! :or, U. lllI6 '
PI&lma,
PiAUnwu,

all01l 01'. bcnr &ll&lyted
l
II. _

cblo~d:": cbemICal __ 0'.
nalbo, elM0'" bow anal1led. II. 4GIo

P1eonaIt, 1113
PJlDlblle, 3113
PIloceoe tbnnatlonl. IL 67

newel'. II. ttl
oIdu,IL'llI

PlombllO'nme. Mll
J'l1lDl~(l

l,adoIphile. 1M
Pal Jle,MI

yt1lmm • y,'(J
PolyUle.
PoI~lle,U7
POl1:elaln day, •
Par..I.." b,.
Parpbyry. U. llII7. iilIl

Portland~t~1:lll
11 bItll\Qte r , 186

ho. rated IOdI, II. 3Il6
nitrate or, Il5

P_llUD,'1l5
1Ooe, f1l

P ...... 119
,Pt ,M
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RubbJallamaer• .aJ
RubJ. almandine. 21:1

baIaII, 213
Rutlle,W
a,KOIIte. 292

S

8uenlte,9'i
Salillte. 18'7
Sal ammoniac, 1M
8111 pmme, 100
8aJamatelD, 21 t
Salt, common, 100

petre, ~
rock, 100

RaItI, mineral, analy." or. lL 511
8aDdItooe, coal, deICrlbed, ill"

8exible, i3
.aries-ted, il 1010

Suadwicb blan" mountaina 10. U.•l
their be1lbta,

iltl
~.I"l

I SapPhire. 211
d'eau,m

llapphlrine, 218
s.rcoUte, s:n. SlO
Sud, 88
Sardinian mouatalDa. iL ~.
Sardonyx, 67
SuIolln, 63
~.urite. 391
Scapollte, 2'71

compact, 289
8cIIrbroite, 23i
8ch....tein. 129
8eheelate or Iron and manpnete, 486

lime, 0&36
8cheelln8 caJcalre, 136
8cbeererlte, :JQ

Schlerer .par, II"
8cblller .r, li3
8cblaopteriJ, IL 286
Scborl,38D
8cborllte, 1M
Schorlou. beryl, 2M
Schriften,663
&colelite, 319

anal,.it or, II. 40:»
anhydrou., ~6

Scorilite, 319
Scorodite, 475
Scorza, :J6'
Scotine, diagonal. (;":0
Scotland, height of mount&inI in, ii. 36
Sea, action of on thc .borel, it M
Selaginitet, ii. 287
Selenic acid, how diecoverro in a mineral, Ii. 393
Seleniet of copper, 600

.lIver, Ha.3
Selenieta, method or anal11ml, ii. 4Tl
Selenite, 119
Selenium, 77
Semelln, 151
SemIopal, 70
Serpentine, Il 211

common, 167'
preciouJ, 168

Setquiar.eniate 01 cobalt, 531
carbonate o( 1Oda, in
lulpblde of antimony, 86

anenic,8t
Sexaluminate or lead, 5i6
Shanklin gnd, li. IUS
Siberite, 369
Siderite, 64
SiderochiJoUte, ~a9
SiWillarla, ii. 279
SUlca, lelatinoull, 73

pure, charaeten or, it 368
Silicate or alumina, anhydroUl,~
Sillcon, fU
SiIlhuDite, 42-'
SlI.er, tu1

allo,. or, how analyled, ii. ~.;.
antimoniet 01, 638
aneniet 01, 639

Sllyer, biIulDboult~01'. st9
bltelfuret or. 6&0
black, M8
carboDate or,~
chJoride or. Mol
eupI'eOUilUlphUM of. 618
ferro Iulphuret or. 611=:lphwa ot,5&1

brittle, 6&7
anaIyDa 01, Ii ~ll

Iodide or, 6U
uti... 637
ore, anUmooiaJ, ft38

arsenical, 639
dark red,~
Jiabt red, &-JO

oxide of, ita cbemkal cbaraden. U. W
ruby. 618
l81eniet 01, 6&3
IUblelquLaulpbo.aDtimoniate of. 118
lUblelqui-mlpbo-anenlate 04 650
IUlphocuprite or, M6
lU!phuret or, &AI

how anal,zed. li. 5G6
triIaIpbo.antimoDiate of, 147
Yltreo.... 641

Slnople,71
Slate cia" it 14g

.r,U4­
Smaraidlte, 193
Smiladtee, lie~
Smith, IIr. W., aeoJoIical dilccweriel 0(, iL 50
SoapItoDe, S29
Sod&. aoh)'droua .ulf'bate 01, 98

biborate 01, W
carbooAte of, 96
8uate or alumma. 251
hydrous .ulphate of, 98
muriate or. 100
nitrate 0(, 98
lelquicarbonate or. sn

Sodal~~~ate or map... 100

SocIalite. 2fI1
Sodium, DO

chloride of, 100
Sommerrillite, 871
Somnlte, 2M
Sonlawallte,380
Spar. bolognian, 103

beavy,l03
SpatbOie iron, '""
Specific Ifa.it)' of minera1l, 11
Specular iron ore, 48'

analyaia of. it 48S
Speiu cobalt, 533
Sphene, 151
Sphenophyllum, ii. 281
Sphenopteria, ii.~
SpbcrOliderate. ""
8pherulitc, S95
Splnell,2)3
Splnellane, 151, ~7, 67':»
Splnthere, 151
Spodumene, 302
Spreultein, 271
Stablatein, 4-f.6
Stangcn.tcin, rM
Stanzaite, 231
Staurolite, m
Staurotide, 279
Steatite, 329
SteinheUite, m
Stellite, 813
Stembeflla, U. 2fU
Sternberglte,6W
St. Helena, height. in, Ii.•1
Stigmaria, Ii. 2SO
Stilbite, M4o, S46 ,

anamorphique, 3-16
Stilpnoeiderite,4039
~tirlinJ, cane 0(, nAture 0(, ii. ftO
Stonefield ltate, ii. 12..~
Strata, how depoeited, ii. ~
Strelite. i06
Stromeyer, improvements in mineral anal,.

by, ii. 3:»1
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StromDlte, 113
Strontian, baryto-.ulphate of, III

brown carbonate of, 1(11
wcareo lulphate 01, II~

carbonate of. malYlI. 01. iL 400
areen carbnnate of. 107
aulphate 01, 109

Strontianite, 1m
Stmntium,Un
a,lobolte.281
8ublelqulanenlate of iron, 451

carbonate olUme, 118
pbotphate of iron, 4M
tltanlate of lroD, 488

Succlnlte, 1.&7
Sulphated peroxide af iron, 461
Sulphate of alumina, m

ammonia, 95
lUJIletia, I~
lime, alUceou.. 123

Sulpbatea, bow uW,Ied, IL ~l~
table of, iL ~15

Sulpbato-carbonate of baryteI, 106
1Nd,567

Sulphato-trlcarbonate oll"', Me
Sulpblde 0( anenlc, 81
8ulpbo-antimonite of nickel, S30

aneoide ofcobaI~
nlc:ke 529

anenlte oIlroD,
Sulphur, 7i, 4U

nadYe,75
Sulpburet of antimony, 86

bbmuth,_
cobalt, 631
maDpneI8, 510

SUlphuretl, how anaI,_, iL G8
of metaJa. cbemlcAl characten 01,

lL371
Sulphur altl, bow UlalJRd, U. G8

table or, iL 5a7
Sunadlne, 291
Swap,9U
Swartaen, ~]O
SWilleyl, iI. I~

T

Table lpar, 129
1'aenlopteria, lI. 287
Talc, chlorite zopapblque, 38'7

earth" m
hesqonal, :tY7
.late,l86
Tenetian, 186

Talclte, 2""
Tallow, mineral, 60
TantaUte, 4fJ.l
Tautolite, Uill
Taxltet, li. 283
Teleela,211
Telluret of bismuth,~
Telluretl, bow aoaJYled, lie tiD
Tellurium, 71

grapbic ore or, 663
native, 78
naaJ" ore or, 583
01l~L~ Ita cbemlcal cbaracter.,

wbite ore of, 662
yellow ore af, 661

Temperature of the eartb, whether it bu
cbanpd, i1. 7-mere... u we deIC8Dd, lI.
I~whether the increue be owin, to •
central fire, i1. 2I-objectionl to thla opi.
nion, i1. ~

Temperature of aprinRI, iL II
Tellnantite. ftJO

analy.iI of, Ii. 510
Tepbrolte, 676
Teranmiate of eobalt, ~,
Tenilicate of lime, I~

IMpel1&, Ii!)
TbaWte,3M
Tharandite, ]81
T'benanllte, 99
~,314

Tborina, cbemiCAl characlen or, Ii. W
Tborite, "29

analJli. of, i1. .w
Thorium. 4V9
'JbrauUte. "78
1"hulite, "15
Thumentein, 387
Tbumite, :lt7
Tbu,tua, IL W3

:ru:.c:'f:~~-:::rl:S
TlD.*

cupreoua Iulpburet or, 586
ore,5tt8
oxldet of, bow anal,led, U. 480
peroxide of,~
pyritel, 516
.tone,~
.ulpburet or, bow anal,Ied, IL~

nncaJ, Y9
'J'ltanlate of iroD, 465
Tltanlata, bow uWJIed. IL 506;
Titanic acid, ~
TItanic add, cbemlcal chancten of, U. S7G. '"'
ntanireroua lroD ore, 488
ntaalte,92!
ntanium, 90

anal" 01. II "'"
native, 90

Todtllepnl~~~I::of,91
Topu,~

anal"ia of, U.••
oriental, ~ll

Topuolite, 14·7
Touch.tone, '72
Tourmalln, 309
Tourquoll, 2S)
1"nch,te, iL 238

R:;-S:='1.: ~~5
y in coal Relell. lL 218

in aranlte lL 2ti
Trap roca, lL '1m, iii

tuft~ iL 215
Ttaubenblel, MO
Tra.ertine, ]]4
TremoUte. 193

Norwegian,200
Trlcluite, 284
TrlpbaDe,~

TrlphOlpbue of alumina, 230
1'rl1illcate or alumina. bJdroul. Dl
1'riamolybdate of... 6M -
'Criaulphate of alUlDlna, 218
Troea,ln
TuRtte. '"
'rufa, 11.&
'ruff, iL 239
Tunptate oIlron UId manpnete...

lead. :.81
lime. ]36

Tunptatel, how aaaIJAd. lL MI

l::=~cl,~~w diIamftd in • mineral. U.
3Y6

Tumerite. 6'71

U

Ulodeadron. lL IB7
Umber, 439
Urallan mountalD., beilbt or, lL 35
Uranlte,~

&naI,11I of,lL 528
Uranm1ca,~

areen,~
oxldule, 661
pechen,~

UraDlum.~~te 01. 6\3
cu ateof.ei0: ,It. chemical cbancten. lL

386, W7
how anal,zed, IL .06

pitcb ore of,6.W
rrotoside of.~
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Uranium, lUI,haIed peroslde 01, laS
protoxide 01, ft.\S

V

Val dl Noto, dftcrlbed, Ii. 6'7
Vanadiate of lead, 673
Vanad1alel. how ..Iyled, II. 539
Vanlclte. :m
VauqueJlD, Improvementl In mineral anal"

by, u. S&9
Vauq~Unlte, 57~
VelnI, account of, lL 223
Venetian talc, 186
Vermiculite, 373
V"Yia!Jr~,286
VltrJoJ, DlUe, fm

lead,~

whlte,MO
Vlrianite, 4:i6
Volcanic rocltt, il ti9
VoJcaDoes ac:tiwe, number 01', iL G)

extinct, iL 1!:U
orlldn of, U. 2~

VolkooMoitc, 41»
VoItai.. 1L V83
Voitabae, MO
Vulcanite, IYO
Vulpeuite, Hl3

w
Wacke, lie 213
Wad,602
Wagnerite, 182 •
W.ae., South, moanta1Dl of, U. 2S1
Walkcrite, V46
Walnyn, :.n
WandJtein, 491
'Wauerblel, 8H
Wa:: a.~tJof in miner.... bow 4etermln..
WaYeUlte, :'08

Weald cia ~~r: of, Ii. 5ZJ
Wei.. BOldea, 663
W"ite,~
Webltcrite,~
;::::::it~~fcallaboUfiof, ii. 4G

Whitby coalbedJ, iL 131
White iron ainter, 4.56
WllUamite, M4
Wlluitc, ~!J9
Withamite, 3i6
Witherite, 101
Wolfram, ·186
Wallutou, Ur., platinum crucibles introdUCl'd

by, ii.3.JO
WoUutonite. 129,130

Wood tiD, a85
Worthite, t-tO
Wurfel en, ~7

x
Xanthite,IU

y

Yanollte. 387
Yellow clay tl'Ollltone. 638

copper ore, oa
pmet.l.ft
lead ore,5ft2

Yenite,l48
Yttria, chemical chancten ar. u. 3D

pbOlphaCe of, 401
bow aDalped, lL .,

Yttrium. 40i
Yttrocerite, tiS
YttrotantaUte, 403

anaIJIia or. iL~
YU,276

z
ZaJa. 99
ZamIa,lL 2B3
Zamitet, IL 2R3
Zeqonite. lift
ZecliatelD, IL 1·'1
Zeltia,443
Zeolite. follated, 3M, 318
Zeolitel, 31~
Zeuxite, 8W
ZiepJen. MI8
ZiDc, 538

aDbJdrou carbonate 01'. M2
aUk:ate of, Mol

hJdroUI dicarbonate of, M3
aiJicate of, M5

manpnsian oxide of, MI
oXJlulphuret, MO
red,Ml
lelenlet of, 59D
lulphate of, M6
aulpburet of. 539

bow ADaIJzed. U.~
Zlnkenite, SiD

analyl1l of, lL 5(»
Zircon,-I~

analyli. or. u. .w
Zirconia, chemic~chanctfta ot.li. SSt

ailicateof, W
Zirconiwn, .~
Zolaite, -nO
Zonc, hiab, travcning the old CODt1neDt from

west to eaat, iL ~
Zoophytee, foail. table 0(, it 2DO
ZOiteritet, iL~
Zurlite,~ m7

THE END.

(Hnsgow :-.~ KnULL, Printer to the University.




	Outlines of Mineralogy, Geology, and Mineral Analysis - by Thomas Thomson 1836 A.O
	Mineralogy, Geology and Mineral Analysis Vol 2 - Thomas Thomson 1836



