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SYSTEM

op

CHEMISTRY.

book m.

OF AFFINITY.

The term affinity appears to have been first introduced into

Chemistry by Dr. Hooke, and it has gradually come into ge-

neral use; because an appropriate term was considered as ne-

cessary to distinguish chemical attractions from gravitation^

cohesion, and adhesion.

The term affinity as at present used signifies the power by

which the ultimate particles of bodies are made to unite toge-

ther, and arc kept united. When two wfaltWTHI - have the pro-

perty of uniting chemically, they are said to hare an ajfiniti/

for each other. Thus sulphuric acid has an affinity for potash

and for lime, and nitric acid has an affinity for magnesia.

Sometimes bodies unite whenever they are placed in contact

;

this is the case with oxygen and deutoxide of azote, and witli

acetic acid and soda. But frequently they require for union a

certain increase of temperature or liquidity. Thus oxygen
and hydrogen gases may be mixed together at the common
temperature of the atmosphere without uniting; but when the

temperature is raised to redness they unite with great violence.

Zinc and copper may be left in contact without uniting; but

when they are brought into fusion they readily combine and
form brass. Tartaric acid and bicarbonate of soda, both in

crystals, may be pounded together without acting on each

vol.. in. b



'2 AFFINITY.

Book nr. other ; but when the mixture is thrown into water the acid
V

s/̂
mJ

unites with the alkali and expels the carbonic acid.

Newton was the first person that gave a satisfactory expla-

nation of the nature of affinity. Since his time the subject has

occasionally attracted the attention of chemists. But the phi-

losophers to whom we lie under the greatest obligations for the

light which they have thrown on this difficult department of

Chemistry are Bergman, Berthollet, Richter, Dalton, Davy,

and Berzelius.

As no complete theory of affinity can be exhibited at pre-

sent, it will be requisite in this book to detail the general doc-

trines of Chemistry as far as they have been hitherto ascer-

tained. That we may omit no part of the subject I shall divide

the book into five chapters. In the first I shall consider the

nature of affinity in general; in the second I shall treat of

gases; in the third of Liquids; in the fourth of Solids; and

in the fifth of Decomposition.

CHAP. I.

OF AFFINITY IN GENERAL.

chap.t. 1. All the great bodies which constitute the solar system
*—*—

' are urged towards each other by a force which preserves them

in their orbits and regulates their motions. This force has re-

Attractlon, ceived the name of attraction. Its nature is unknown : whe-

ther it be inherent in these bodies themselves, or the conse-

quence of some foreign agent, are questions altogether beyond

the reach of philosophy, because we have no method of de-

ciding the point. One would be more inclined to the first

supposition than to the other, as we can conceive no foreign

agent sufficient to explain the planetary motions unless an in-

telligent one ; and, for any thing which we know to the con-

trary, it was as easy for the Creator to have bestowed on the

planets the power of acting on each other at a distance, as the

power of being acted on, and receiving motion from other

substances.

2. Sir Isaac Newton demonstrated, that this planetary at-

traction is the same with gravitation, or that force by which a

heavy body is urged towards the earth ;
that it is possessed,

not only by the planets as wholes, but by all their component

Universal.



AFFINITY IN GENERAL. 3

parts also ; that it is mutual ; that it extends to indefinite dis-

tances ; and that all bodies, as far as is known, are possessed

of it.

3. When two bodies are brought within a certain distance,

they adhere together, and require a considerable force to se-

parate them. This is the case, for instance, with two polished

pieces of marble or glass. When a piece of metal, or indeed

almost any body whatever, is plunged into water and drawn

out again, its surface is moistened, that is to say, part of the

water adheres to it. When a rod of gold is plunged into mer-

cury, it comes out stained indelibly of a white colour, because

it retains and carries with it a portion of the mercury. Hence

it is evident that there is a force which urges these bodies to-

wards each other and keeps them together; consequently there

is an attraction between them. Bodies, therefore, are not only

attracted towards the earth and the planetary bodies, but to-

wards each other. The nature of this attraction cannot be as-

signed any more than that of gravitation ; but its existence is

equally certain, as far at least as regards by far the greater

number of bodies.

4. In all cases we find the particles of matter united toge-

ther in masses; dilfering indeed from each other in magni-

tude, but containing all of them a great number of particles.

These particles remain united, and cannot be separated with-

out the application of a considerable force; they are kept to-

gether therefore by a force which urges them towards each

other, since it opposes their separation. Consequently this

force is an attraction.

Thus we see that there is a certain unknown force which

urges bodies towards each other; a force which acts not only

upon large masses of matter, as the sun and the planets, but

upon the smaller component parts of these bodies, and even

upon the particles of which these bodies are composed. At-

traction, therefore, as far as we know, extends to all matter,

and exists mutually between all matter. It is not annihilated

at how great a distance soever we may suppose bodies to be

placed from each other, neither does it disappear, though they

be placed ever so near each other. The nature of this attrac-

tion, or the cause which produces it, is altogether unknown ;

but its existence is demonstrated by all the phenomena of

nature.

5. This attraction was long accounted for by supposing that At<*flwdt4

there existed a certain unknown substance which impelled all
lm ruU,0°'

b 2



AFFINITY IN GENERAL.

ok hi. bodies towards each other ; an hypothesis to which philosophers
"v~^ had recourse, from an opinion long admitted as a first prin-

ciple, " that no body can act where it is not;" as if it were

more difficult to conceive why a change is produced in a body
by another which is placed at a great distance, than why it is

produced by one which is situated at a small distance. It is

without not only impossible to explain the phenomena of attraction by

impulsion, but it is as difficult to conceive how bodies should

be urged towards each other by the action of an external sub-

stance, as how they should be urged towards each other by

a power inherent in themselves. The fact is, that we can nei-

ther comprehend the one nor the other ; nor can any reason be

assigned why the Almighty might not as easily bestow upon mat-

ter the power of acting upon matter at a distance, as the power

of being acted upon and changed by matter in actual contact.

But farther, we have no reason for supposing that bodies are

ever in any case actually in contact. For all bodies are dimi-

nished in bulk by cold, that is to say, their particles are brought

nearer to each other, which would be impossible, unless they

had been at some distance before the application of the cold.

Almost all bodies are diminished in bulk by pressure, and con-

sequently their particles are brought nearer each other ; and

the diminution of bulk is always proportional to the pressure.

Newton has shown that it required a force of many pounds to

bring two glasses within the 800th part of an inch of each

other; that a much greater was necessary to diminish that dis-

tance; and that no pressure whatever was capable of diminish-

ing it beyond a certain point. Consequently there is a force

which opposes the actual contact of bodies ; a force which in-

creases inversely as some power or function of the distance,

and which no power whatever is capable of overcoming. Bos-

covich has demonstrated, that a body in motion communicates

part of its motion to another body before it actually reaches it.

Hence we may conclude that, as far as we know, there is no

such thino- as actual contact in nature, and that bodies of

course always act upon each other at a distance. Even im-

pulsion, therefore, or pressure, is an instance of bodies acting

on each other at a distance, and therefore is no better expla-

nation of attraction than the supposition that it is an inherent

power. We must therefore be satisfied with considering at-

traction as an unknown power, by which all bodies are urged

towards each other. It is a power which acts constantly and

uniformly in all times and places, and which is always dimi-
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nishino1 the distance between bodies, unless when they are pre- chap. i.

vented from approaching each other by some other force *

equally powerful.

6. The change which attraction produces on bodies is a di- of two
kinds.

minution of their distance. Now the distances of bodies from

each other are of two kinds; either too small to be perceived

by our senses, or great enough to be easily perceived and esti-

mated. In the first case, the change of distance produced by

attraction must be insensible ; in the second case it must be

visible. Hence the attractions of bodies, as far as regards us,

naturally divide themselves into two classes: 1. Those which

act at sensible distances ; 2. Those which act at insensible dis-

tances. The first class obviously applies to bodies in masses of

sensible magnitude; the second class must be confined to the

particles of bodies, because they alone are at insensible dis-

tances from each other.

7. It has been demonstrated, that the intensity of the first i. At«*
class of attractions varies with the mass and the distance of t

b
.

le^"
tanco.

the attracting bodies. It increases with the mass of these bo-

dies, but diminishes as the distance between them increases.

Hence we see that in this class of attractions every particle of

the attracting bodies acts, since the sum of the attracting force

is always proportional to the number of particles in the attract-

ing bodies. W hy it diminishes as the distance increases, it is

impossible to say; but the fact is certain, and is almost incom-
patible with the supposition of impulsion as the cause of at-

traction. The rate of variation has been demonstrated to be
inversely as the square of the distance in all cases of attraction

belonging to the first class.

8. The attractions belonging to the first class must be as
numerous as there are bodies situated at sensible distances

;

but it has been ascertained that they may be all reduced to
three different kinds

; namely, 1. Gravitation; 2. Electricity;

3. Magnetism. The first of these has been shown by Newton
to belong to all matter, as far as we have an opportunity of
examining, and therefore to be universal. The other two are
partial, being confined to certain sets of bodies, while the rest
of matter is destitute of them ; for it is well known that all

bodies are not electric, and that, scarcely any bodies are mag-
netic, except iron, cobalt, nickel, and chromium.
The intensity of these three attractions increases as the mass

of the attracting bodies, and diminishes as the square of the
distance increases. The first extends to the greatest distance
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Rook nr. at which bodies are known to be separated from each other.
v

v"*~' How far electricity extends has not been ascertained ; but

magnetism extends at least as far as the semidiameter of the

earth. All bodies possess gravity ; but it has been supposed

that the other two attractions are confined to two or three sub-

tile fluids, which constitute a part of all those bodies which ex-

hibit the attractions of electricity or magnetism. This may
be so ; but it has not, and scarcely can be demonstrated.

9. The absolute force of these attractions in given bodies

can only be measured by the force necessary to counteract the

effect of these attractions, or by the space which given bodies,

acted on merely by these attractions, traverse in a given time.

If we compare the different bodies acted on by gravitation, we
shall find that the absolute force of their gravitation towards

each other is in all cases the same, provided their distances

from each other and their mass be the same; but this is by no

means the case with electrical and magnetic bodies. In them

the forces by which they are attracted towards each other, called

electricity and magnetism, are exceedingly various, even when
the mass and the distance are the same. Sometimes these

forces disappear almost entirely ; at other times they are ex-

ceedingly intense. Gravity, therefore, is a force inherent in

bodies; electricity and magnetism not so: a circumstance

which renders the opinion of their depending upon peculiar

fluids exceedingly probable. If we compare the absolute force

of these three powers with each other, it would appear that the

intensity of the two last, every thing else being equal, is greater

than that of the first ; but their relative intensity cannot be

compared, and is therefore unknown. Hence it follows that

these different attractions, though they follow the same laws of

variation, are not the same in kind.

3. Affinity. 10. The attractions between bodies at insensible distances,

and which of course are confined to the particles of matter,

have been distinguished by the name of affinity, while the term

attraction has been more commonly confined to cases of sen-

sible distance. Now the particles of matter are of two kinds,

either homogeneous or heterogeneous. By homogeneous par-

ticles, I mean particles which compose the same body; thus

all particles of iron arc homogeneous. By heterogeneous par-

ticles are meant those which compose different bodies; thus a

particie of iron and a particle of lead are heterogeneous.

Homogeneous affinity urges the homogeneous particles to-

wards each other, and keeps them at insensible distances from
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each other; and consequently is the cause why bodies almost chap. i.

always exist united together, so as to constitute masses of v"""v^"-/

sensible magnitude. This affinity is usually denoted by the

term cohesion, anil sometimes by adhesion when the surfaces of

bodies are only referred to. Homogeneous affinity is nearly

universal; as far as is known, caloric and light only are des-

titute of it.

Heterogeneous affinity urges heterogeneous particles to- Htterogtae-

wards each other, and keeps them at insensible distances from
00' afflnl,y-

each other, and of course is the cause of the formation of new
integrant particles composed of a certain number of hetero-

geneous particles. These new integrant particles afterwards

unite by cohesion, and form masses of compound bodies.

Thus an integrant particle of water is composed of particles

of hydrogen and oxygen, urged towards each other, and kept

at an insensible distance by heterogeneous affinity ; and a

mass of water is composed of an indefinite number of inte-

grant particles of that fluid, urged towards each other by ho-

mogeneous affinity. Heterogeneous affinity is universal, as

far as is known; that is to say, there is no body whose par-

ticles are not attracted by the particles of some other body;
but whether the particles of all bodies have an affinity for the

particles of all other bodies, is a point which we have no
means of ascertaining. It is, however, exceedingly probable,

and has generally been taken for granted ; though it is cer-

tainly assuming more than even analogy can warrant.

11. Chemists at first supposed that when two heterogeneous
bodies united together and formed a third body, the two
constituents themselves were entirely destroyed. Thus when
sulphuric acid and potash are mixed together, both the acid

and the alkali disappear, and a salt formerly distinguished by the
name of vitriolated tartar is formed. The sulphuric acid and
the potash were both conceived to be destroyed, and the vi-

triolated tartar to be formed out of their ruins.

This opinion was refuted by Mayow, in 1677, in the four- m.jow*
teenth chapter of his treatise de Sal-nitro, et Spirit// nitro-aereo.

p*«,Un*ti«*

i>al-ammomac, he observed, is a compound of muriatic acid
and ammonia, and, as a proof that neither the acid nor the
alkali in this compound are destroyed, he showed that either
of them might be again recovered at pleasure. When the
sal ammoniac was treated with potash the ammonia was sepa-
rated, and when it was treated with sulphuric acid we obtained
the muriatic acid. Mayow showed at the same time, that
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Book nr. bodies follow certain fixed and general laws in their action on
V

each other. Volatile alkali is separated from all acids by the

fixed alkalies. Nitric acid is disengaged from potash by sul-

phuric acid, which unites with the alkali, and forms with it

vitriolated tartar. Acids dissolve metals, but when potash is

poured into the solution the metal is disengaged and falls to

the bottom, while the alkali unites with the acid in its place.

Sulphur and potash unite together ; but acids precipitate the

sulphur by uniting with the potash and taking its place. In

like manner when sulphur is united with a metal, if we digest

the sulphuret in an acid the metal combines with the acid and

the sulphur is set free.*

Geofrroj'g 12, These important observations of Mayow were carried

still farther by GeofFroy, senior, in 1718. He considered

the order in which bodies separated each other from a given

body as constant. Thus metals are separated from acids by

the absorbent earths ; the absorbent earths are separated from

acids by volatile alkalies, while volatile alkalies are separated

by the fixed alkalies. He drew up in consequence the follow-

ing table exhibiting the order in which bodies separate each

other from a given substance. At the head of each column is

written the name of the substance with which the bodies enu-

merated in the column combine. Below it are arranged all

the bodies capable of uniting with it. That which separates

all the others is placed uppermost, and that which is separated

by all the others is placed undermost, and the others in the

order of their separations. Thus in the first column the fixed

alkalies separate all the bodies below them from the acids.

The volatile alkalies separate all except the fixed alkalies.

The absorbent earths separate the metals, and the metals are

separated by all the other bodies in the column.f

Acids.

Fixed alkalies

Volatile alkalies

Absorbent earth

Metals

Muriatic acid.

Tin
,

Antimony
Copper
Silver

Mercury
Gold

Nitric acid.

Iron

Copper
Lead
Mercury
Silver

Sulphuric acid.

Phlogiston

Fixed alkalies

Volatile alkalies

Absorbent earth

Iron

Copper
Silver

Absorbent eartb.

Sulphuric acid

Nitric acid

Muriatic acid

* Mayow de Sal-nitro, p. 232.

+ Mem. Paris, 1718, p. 202.
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Fixed alkallei.

Sulphuric acid

Nitric acid

Muriatic acid

Acetic acid

Sulphur

Volatile alkalier.

Sulphuric acid

Nitric acid

Muriatic acid

Metalg.

Muriatic acid

Sulphuric acid

Nitric acid

Acetic acid

Lead.

Silver

Copper

Copper.

Mercury
Calamine

Silrer.

Lead
Copper

Iron.

Antimony
Silver, copper,

lead

Sulphur.

Fixed alkalies

Iron

Copper
Lead
Silver

Antimony
Mercury
Gold

Antimony.

Iron

Silver, copper,

lead

Mercury.

Gold
Silver

Lead
Copper
Zinc

Antimony

Water.

Alcohol

Salt

Chap. [.

13. The first improvement made in this table was by Gtd- ommtH

lert. The Metallurgic Chemistry of this writer, published at
,abU"

Leipsick in 1751, and of which an English translation by

Seiferth made its appearance in 1 766, is a work of great merit.

It contains a very clear account of the different metallurgic

and chemical processes as far as known at the time, given with

a degree of conciseness very uncommon in a German writer.

It contains many original experiments on metallic alloys, at

the end of the first part there is a table of solutions, as Gellert

terms it, drawn up according to the idea of GeofFroy; but

much more copious. It was divided into 28 columns. The
substances placed at the head of these columns are the follow-

ing:

1. Refractory vitrescent stones 15. Liver of sulphur

2. Fusible vitrescent stones 16. Cobalt

3. Clay and argillaceous stones 1 7. Arsenic

4. Plaster and gypseous stones 18. Antimony
5. Lime and calcareous stones 19. Glass of antimony

20. Bismuth6. Fixed alkalies

7. Volatile alkalies

8. Vinegar

9. Muriatic acid

10. Nitric acid

11. Sulphuric acid

12. Aqua regia

13. Salt-pctrc

14. Sulphur

21. Zinc

22. Lead
23. Tin

24. Iron

25. Copper
26. Silver

27. Mercury
28. Glass

In each column the substances which the body at the head
of the column was capable of dissolving were placed in the
inverse order of Geoffroy's table. Those bodies most easily
dissolved were placed at the greatest distance, and those most
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Book hi. difficultly dissolved stood nearest the head of the column. At
* the foot of each column, and separated from the rest by a

black line, were placed those substances which the body at

the head of the column was incapable of dissolving,

timbourg's 14>. In the year 1758, the Academy of Sciences of Rouen
offered a prize for the best dissertation on affinity. The prize

was shared between M. Limbourg, a physician, at Theux in

the country of Liege, and M. Le Sage, of Geneva. The
dissertation of Limbourg was published at Liege in 1761.
In it he gave a table precisely similar to that of GeofFroy, but
much enlarged and corrected. It consists of 33 columns,

under some of which were arranged 15 or 16 bodies, each in

the supposed order of its affinity. In this dissertation the

author endeavoured to explain the nature of affinity, and he
pointed out at considerable length the utility of the table

which he had constructed; mentioning at the same time its

faults and imperfections

:

In consequence of the appearance of these tables and of

some others, which I think it unnecessary to enumerate, the

opinions of chemists respecting affinity came to be divided.

Some adopted the principles of Geoffroy, that every body a

had a particular degree or intensity of affinity by which it

was united to another body x, and that whenever a third body

b, having a greater affinity for x than a had, is presented to

the compound, a is displaced, and h unites in its stead with

the body x. Others were of opinion that no such difference

in the intensity of affinity existed; that b might be capable

of displacing a and separating it from x, while at the same

time a in its turn might disengage b from x. Or that b might

be able to disengage a and incapable of disengaging c, though

a was capable of disengaging c.

B-rgraan's 15. Bergman's dissertation on Elective Attractions, first

doctrine, published in 1775, in the third volume of the Memoirs of the

Royal Society of Upsala, and afterwards re-published by the

author in 1783,* appears to have decided the opinions of

chemists in general in favour of the first of these two hypothe-

ses. According to him the affinity of each of the bodies a, b,

c, d, &c. for x differs in intensity in such a manner that the

intensity of the affinity of each may be expressed by numbers.

He was of opinion also that affinity is elective, in consequence

of which if a have a greater affinity for X than b has, if wc

t Opusc. iii. fc&l.
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present a to the compound bx, x separates altogether from b chip. r.

and unites to a. Thus barytes has a stronger affinity for sul-
v

*
'

phuric acid than potash has, therefore if barytes be mixed

with a solution of sulphate of potash, the sulphuric acid will

leave the potash and combine with the barytes. He examined

the allcdged exceptions to this general law, and accounted for

them with such plausibility as to remove the doubts that had

hitherto hung over the subject. Bergman's table of affinities,

constructed according to the plan of Geoffroy, was much more

copious than any that had preceded it, containing all the che-

mical substances at that time known. It consists of 59 co-

lumns. At the head of each of which is placed a chemical

body, and the column is filled with the names of all the sub-

stances which unite with it, each in the order of its affinity.

Each column is divided into two compartments by a black

line. In the first is exhibited the affinities in the order of the

decompositions when the substances are in solution. In the

second compartment are exhibited the order of the decompo-
sitions when the substances are exposed to a strong heat, as

for example by heating them to redness in a crucible. The
first of these he called the affinities by the a ct uay, the second
the affinities by the dry way.

16. Bergman's opinion that affinity is elective, and that the oP?w ik,

order of affinities is determined by decomposition, continued
B*r,ho,,tU

to be universally admitted by chemists till Berthollet published
his Dissertation on Affinity, in the third volume of the Me-
moirs of the Institute, and his Essay on Chemical .Statics in the
year 1803. He considered affinity as an atlnn tiu/i existing be-
tween the bodies which combine, and an attraction probably
similar to that which exists between the planetary bodies.
But as those bodies which obey the impulse of affinity are at
a very small distance from each other, the strength of their
affinity depends not merely upon the quantity of matter which
they contain, but likewise upon their shape. Affinity being
an attraction, must always produce combination ; and as the
attraction is analogous to that of the planetary bodies, it fol-
lows as a consequence in Berthollet's opinion, that the affi-
nity must increase with the mass of the acting body. Thus
though barytes has a stronger affinity for sulphuric acid than
potash

;
yet if we present a great quantity of potash to a small

quantity of sulphate of barytes, the potash will separate a
portion of the acid.

According to this new doctrine, affinity is not elective. A
7
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Book in. substance which has a stronger affinity is not capable of sepa-
v

v ' rating completely those which have a weaker affinity; or if

this happens, some other cause intervenes. Instead of sepa-

rating the weaker body, it divides with it the base to which

that body was united ; each combining with a part propor-

tional to the strength of its affinity and the quantity present.

This opinion is exactly the opposite of the old one. Accord-

ing to the former hypothesis, when sulphuric acid is dropped

into nitre, it separates the whole of the nitric acid, and takes

its place. According to Berthollet, each of the acids com-

bines with a portion of the base of the nitre, and the portion

which unites to each is proportional to the strength of affinity

and the quantity of each acid employed.

But it is a matter of fact that the addition of a third body

frequently separates two substances previously united, the third

body taking the place of one of the constituents, which is

thereby separated altogether. Thus if sulphuric acid be

dropped into nitrate of barytes, the barytes combines with it,

leaving the nitric acid in a disengaged state while the sulphate

of barytes precipitates to the bottom. Or if potash be dropped

into a solution of nitrate of lime, the lime precipitates to the

bottom, and the alkali instead of it unites to the acid. These

facts, and many others which will immediately occur to every

chemist, appearing at first sight contrary to Berthollet's theory,

it was necessary for him to reconcile them to it. According

to him, whenever decomposition takes place it is owing either

to the insolubility or the elasticity of the ingredient which se-

parates. Sulphate of barytes being insoluble in water, while

nitrate of barytes and nitric acid are soluble in that liquid, it

must happen when the substances are mixed that the insoluble

salt precipitates on account of its insolubility. It is the inso-

lubility of lime that causes its precipitation when potash is

dropped into nitrate of lime. Accordingly when potash is

dropped into nitrate of soda, no precipitation whatever takes

place, because both the potash and the soda are very soluble

in water. But if we concentrate the solution sufficiently by

evaporation, crystals of nitrate of potash will be deposited, be-

cause that salt is much less soluble in water than nitrate of

soda. In like manner when nitric acid is poured upon car-

bonate of potash the carbonic acid is disengaged and flies off ;

because its elasticity causes it to separate from the liquid and

assume the gaseous state, as soon as the nitric acid weakens the

attraction by means of which it was attached to the potash.
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17. Thus we have two doctrines respecting affinity op- cH»p. i.

posite to each other. According to Bergman, affinity is
^m^mJ

elective. The body which has the stronger affinity dis-

places that which has a weaker; and the strength of affinity

may be measured by decomposition. According to Berthol-

let, affinity is not elective. It never produces decompositions,

but only combinations, and the decompositions which take

place are owing to the agency of other causes. The strength

of affinity is not an absolute quantity ; but increases with the

mass of the attracting body. Berthollet's doctrine leads to

the opinion that bodies are capable of uniting together inde-

finitely in any proportion whatever
;
Bergman's, that they

unite only in determinate proportions, and that these propor-

tions are independent of the relative quantities of the com-

bining substances which are present.

18. With respect to the question whether the affinity of
JjjJ*^^

every substance for every other be a definite quantity which dninuo

may be represented by a number, the present state of the

science of chemistry docs not enable us to answer it in a satis-

factory manner. Barytes appears always capable of sepa-

rating potash from acids. But the reason may be, that the

salts of barytes are less soluble than the salts of potash. There
are some cases in which the decompositions take place mu-
tually, so that we have no means of determining which of

two substances has the strongest affinity for a third. Thus
iron has the property of decomposing wuter at all temperatures,

from that of boiling water to the greatest heat that we can

raise in our furnaces, as has been sufficiently shown by the

experiments of Gay-Lussac* Priestley ascertained. that the

oxide of iron is reduced to the metallic state when heated

while surrounded by an atmosphere of hydrogen gas.f These
experiments were repeated by Hassenfratz, J and Berthollet,

junior ; and Gay-Lussac has shown that the reduction takes

place at the very same temperature at which iron is capable

of decomposing water. Hence we have no data for deter-

mining whether hydrogen or iron have the greatest affinity

for oxygen. Each seems capable of depriving the other of

oxygen in the very same circumstances.

Most of the decompositions which take place when sub-

stances arc mixed together are cases of what Bergman called

* Ann. de Chim.et Phys. i. 35. f Priestley, on air, i. 259.

I Aun.de Chim. Ixxiii. 147.
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Mass not

efficacious.

AFFINITY IN GENERAL.

Book m. doable elective attractions; when two neutral salts are mixed
together, and the acids and bases of each reciprocally change
places. Now some examples occur in which it is difficult to

determine on which side the greatest affinities lie. Thus it is

well known that if carbonate of barytes be digested in a so-

lution of sulphate of potash, the sulphuric acid combines with
the barytes, while the carbonic acid unites with the potash.

In this case it will be said that the affinity between sulphuric

acid and barytes, together with the affinity between carbonic

acid and potash, is greater than the affinity between sulphuric

acid and potash, together with the affinity between carbonic

acid and barytes. But Mr. Philips has shown that carbonate

of potash is likewise capable of decomposing sulphate of

barytes.*

Berthollet would probably account for these mutual decom-

positions by the effect of mass. But some other cases may be

exhibited, in which that supposed principle cannot act. Pfaff

has shown that tartrate of lime is completely decomposed by

a quantity of sulphuric acid just capable of saturating the

whole of the lime contained in the tartrate. Sulphate of

lime is formed, and tartaric acid disengaged in a state of

purity. He has shown also that oxalate of lead is completely

decomposed by the quantity of sulphuric acid just capable of

saturating the whole of the oxide of lead in the oxalate,f
Berthollet accounts for these two decompositions by the solu-

bility of tartrate of lime and oxalate of lead, and the insolu-

bility of sulphate of lime, and sulphate of lead in acids.

The doctrine of mass, first advanced by Berthollet, is sup-

ported by the analogy or supposed identity of affinity and

gravitation, and by a set of experiments which Berthollet

made on purpose to prove the truth of his opinion. He
found that when equal quantities of the following bodies were

boiled together,

f Oxalate of lime

\ Potash

{Phosphate of lime

Potash

{Carbonate of lime

Potash

the uncombined base abstracted part of the acid from the base

with which it was previously combined; though in every one

* Journal of Science and Art, i. 80. f Ann. de Chira. lxxvii. Q66.

1. -f
Sulphate of barytes

L Potash
*1

2. •
f Sulphate of potash

Soda
5.

3. •

f Sulphate of potash

i Lime
6.

I
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of these instances it was retained by that base by an affinity chip. £

considered as stronger. The same division of the base took
v

v

place when equal quantities of oxalate of lime and nitric acid

were boiled together. But the accuracy of these experiments

has been called in question by Sir H. Davy, who has dis-

cussed them with much ingenuity and address, and shown that

they are not sufficient to establish the doctrine in support of

which they were brought forward.*

19. The facts with which we are at present acquainted seem Affinity

to me fully sufficient to prove that affinity in different bodies eltct "*-

differs in intensity. The well known fact that the proportions

of the constituents of all compounds are constant, appears to

me inconsistent with the belief of the supposed efficacy of

mass. The facts established by Pfaff and many others that

might be. mentioned, appear to prove that affinity is elective;

though no satisfactory explanation of this extraordinary pro-

perty has been offered. Were we to admit that the atoms of

bodies possess polarity, and that they always unite by the

same poles, we might form an idea of the way in which the

union of b with m has the effect of separating a from it. a

and b are both attracted to the same pole of ;;/, and b being

attracted most powerfully may be conceived capable of insi-

nuating itself into the place which a formerly occupied; a of

course being removed to a greater distance may be protruded

beyond the sphere of m*S attraction, and of course disengaged

altogether. The recent discoveries respecting the combina-
tions of bodies with each other, which I shall immediately

state, tend still further to overturn Berthollct's doctrine of

the efficacy of mass in chemical combinations and decom-
positions.

20. The first important fact respecting combinations was mchtnu

ascertained bv Dr. J. 13. Richtcr, who was for some time min- Uw "f

mg secretary at Brcslau, and afterwards Onanist in the por- composition,

celain manufactory of Berlin. In the year 1792, he published
the first part of a work entitled Foundation of Slot biometry, or

Geometry of the Chemical Elements.^ This work he continued
successively in 1793, 179J-, 1799, and 1802+ It contains the
result ol his researches on the decompositions and combina-

• Elements of Chemical Philosophy, p. 11?.

t Aofengsgriinde der Stochiometrie, oder Messkunst chymischcrelemente.
X I include likewise the eleven parts of his work Vber die neuern

grgemtdnde der Chymie; because it is connected with his grand object.
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Book in. tions of chemical bodies. He observed that when two neutral

salts which mutually decompose each other are mixed together,

the two newly-formed salts still retain the same neutral state

as the two original ones from which they were formed. This

circumstance enabled him to examine the accuracy of the

results obtained by preceding expei'iments, and he showed

that the numbers assigned by Bergman, Kirwan, and Wenzel,

for the constituents of the salts are inaccurate, as they are un-

able to stand the test of this double decomposition. He was

induced in consequence to make a set of experiments in order

to obtain more accurate results, and these experiments occu-

pied him about ten years. He drew up the results in tables

exhibiting the weight of each base capable of saturating 100

parts by weight of each acid, and the weight of each acid

capable of saturating 100 parts by weight of each base. He
observed that the different bases follow exactly the same order

in each of the tables, and that order, according to his tables,

is as follows

:

1. Alumina 4. Lime 7. Potash

2. Magnesia 5. Soda 8. Barytes

3. Ammonia 6. Strontian

The order in which the different acids saturated each base was

likewise the same, and was according to him as follows

:

1. Fluoric acid 6. Phosphoric acid 11. Acetic acid

2. Carbonic acid 7. Formic acid 12. Citric acid

3. Sebacic acid 8. Sulphuric acid 1 3. Tartaric acid

4. Muriatic acid 9. Succinic acid

5. Oxalic acid 10. Nitric acid

He observed farther that the numbers in each table constitute

a series which have the same ratio to each other in all the

tables. Suppose for example, that in the table representing

the muriates the quantity of potash requisite to saturate 100

parts of muriatic acid were three times as great as the quan-

tity of alumina requisite to produce the same effect. The

same thing would hold in the sulphates, nitrates, and all the

other genera of salts. Three times as much potash would be

required to saturate 100 sulphuric, nitric, or any other acid

as would be requisite of alumina.

These facts explain why when two neutral salts decompose

each other, the new formed salts are also neutral, and why

there is no excess of acid or base upon the one side or the

6



AFFINITY IN GENERAL. 17

other. The same proportions of bases that saturate a given chap. i.

weight of one acid, saturate all the other acids ; and the same

proportion of acids that saturate one base saturate all the

other bases. Hence numbers may be attached to each acid

and base indicating the weight of it, which will saturate the

numbers attached to all the other acids and bases. This was

accordingly done by Fischer, from Richter's experiments;

and Dr. Wollaston constructed his sliding rule of chemical

equivalents so precious in every point of view to the practical

chemist.

21. Mr. Dal ton in 1804, without being aware of the general Atomic

law already discovered by Richter, turned his attention to the TttUtm

subject, and was struck with the small number of proportions

in which simple substances are capable of uniting, and the

constancy of these proportions. Thus if we represent the

weight of carbon by 75, we find that carbonic oxide and
carbonic acid, the only two compounds of carbon and oxygen,

are composed as follows

:

Carbonic oxide of 75 carbon + 100 oxygen
Carbonic acid of 75 carbon + 200 oxygen.

So that the quantity of oxygen in carbonic acid is to that in

carbonic oxide as 2 to 1.

If we represent the weight of azote by 175, we find that

all the compounds of azote and oxygen are composed as

follows

:

Protoxide of a/otc of 175 azote + 100 oxygen
Dcutoxide of azote of 1 75 azote -f 200 oxygen
Hyponitrous acid of 175 azote + 300 oxygen
Nitrous acid of 175 azote -f 4-00 oxygen
Nitric acid of 175 azote + 500 oxygen

So that the quantity of oxygen in these compounds, suppos-
ing the azote to remain always the same, is as the numbers 1

2, 3, 4, 5.

^

Similar observations may be made respecting the composi-
tion of the metallic oxides, the chlorides, the neutral salts,
and indeed all chemical combinations with which we are ac-
quainted. The fortunate thought occurred to Mr. Dalton,
that these proportional numbers represented the respective
weights of the atoms of the combining bodies; that bodies
combine either 1 atom of one with 1 atom of another, or with
2 atoms, or with 3, 4, 5, or 6 atoms. According to this no-

VOL. III. c
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^Bookirr tion, if we represent the weight of an atom of carbon by 0-75,
* an atom of oxygen will be 1, and carbonic oxide will be a com-

pound of 1 atom carbon and 1 atom oxygen, and carbonic
acid of 1 atom carbon and 2 atoms oxygen. If the weight of
an atom of azote be 1-75, and that of oxygen 1, then the
compounds of azote and oxygen are composed as follows

:

Protoxide of azote of 1 atom azote + 1 atom oxygen
Deutoxide of azote .. 1 + 2
Hyponitrous acid ..1 + 3

Nitrous acid 1 4-4
Nitric acid 1 +5

The simplicity and beauty of this opinion made a speedy and
strong impression upon chemists in general. Its truth is

now almost universally admitted. I have illustrated it at

considerable length in the preceding part of this work, and
have endeavoured to determine the weight of the atom of all

the different simple bodies, and likewise the different com-
pounds which they are capable of forming. But this theory,

which has been denominated the atomic theory, seems to me
to present an insuperable objection to the opinion advanced

by Berthollet that mass produces an effect upon chemical

combinations and decompositions.

Hypothesis 22. I have already, in a preceding part of this work, en-

Berzenus?
nd
deavoured to give an idea of the ingenious attempt of Berze-

lius and Davy to generalize our notions of chemical affinity

still farther, by showing it to be synonimous with the opposite

states of electricity. Every body in their opinion possesses

a permanent electric state, cither resinous or vitreous. Two
bodies in the same electrical state have no affinity for each

other. Those in opposite states have an affinity, and the

strength of the affinity is proportional to the degree of in-

tensity of the different electricities in the two bodies. In

order to make bodies separate from each other, we have only

to bring them to the same electrical state by making them

both vitreous, or both resinous. Both Davy and Berzelius

have supported this hypothesis with much ingenuity. To it

indeed we arc in some measure indebted for the brilliant

discoveries with which Davy has enriched the science. But

the facts which they have brought forward in support of this

theory, ingenious and plausible as they are, do not seem to

me of a nature capable of convincing us that it is an accurate

representation of what takes place in nature. That bodies
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possess permanent electrical states has not, I think, been ™>*^

proved in a satisfactory manner, nor can it be admitted with- -

out entirely subverting the very foundations of the science of

electricity as it at present exists. The very foundation of

that science depends upon the supposition of the existence of

two subtile fluids, to which the name of vitreous and resinous

electricity has been given. When bodies containing each of

these bodies come into contact, it is believed that the two

electricities combine together, and are by this union deprived

of all their characteristic properties, so that they cease to give

any indications of their presence. It is true that electricity is

capable of decomposing a variety of bodies ; but so is heal,

and no evidence can be adduced to prove that heat and

electricity do not act exactly in the same way on bodies.

CHAP. II.

OF GASES.

The gases are a numerous class of bodies, differing greatly

from each other in their chemical properties; some are acid,

as carbonic acid; some alkalies, as ammonia; some are com-

bustible, as hydrogen; some supporters of combustion, as

oxygen, &c: but however ditFerent in other respects, they all

agree in that aerial form, in that peculiar kind of elasticity*

which constitutes them gases. We shall, in tin's chapter,

consider how far this aerial form affects and modifies the

combinations into which they enter with each other, and with

the remaining classes of bodies. But this inquiry pre-sup-

poses a knowledge of the constitution of gaseous bodies, a

subject which we must therefore discuss in the first place.

We shall afterwards consider the mixture of gases with each

other, and their combinations with gases, with liquids, and

with solids. The subject, of course, naturally divides itself

into five heads; namely,

1. The constitution of gases.

2. The mixture of gases with each other.

3. The combination of gases with each other.

4-. The combination of gases with liquids.

5. The combination of gases with solids.

These shall be the subject of the five following Sections.

c 2
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SECT. I.

OF THE CONSTITUTION OF GASES.

Book nr. It has been proved by mechanical philosophers, that gaseous

bodies are fluids ; that they yield to the smallest impression,

and have their parts easily moved ; that besides the properties

which they have in common with liquids, they possess one pe-

culiar to themselves, namely, elasticity ; in consequence of

which, they may be forced to assume a smaller bulk by pres-

sure, but as soon as the force which confined them is removed,

Ga?es eias- they again resume their former volume. If from a vessel filled

with water one-half of the liquid be taken, the remaining por-

tion will fill only one-half of the vessel ; but this is not the

case with air. If, by any contrivance, we take away one-half

of the air contained in a vessel, the other half immediately ex-

pands, and still continues to fill the vessel. The same thing

happens if we take away -§ths, -J-i-ths, -jS^th parts, &c. of the

air ; the small portion which remains always expands so as to

fill the vessel. Nor has any limit to this expansion been hitherto

discovered. A good air-pump will easily rarefy air to 300

times its former bulk
;
while, on the other hand, we ma}7

,
by

means of a condenser, reduce air to -r^-o-th of its usual bulk.

Thus the bulk of air may be easily increased or diminished

30,000 times. Indeed the experiment is said to have been

carried as far as 3,000,000 of times. I am not acquainted with

any accurate set of trials hitherto made which warrant that

conclusion, though there does not appear to be any reason for

doubting the possibility of it.
#

This unlimited change of bulk which gaseous bodies are ca-

pable of undergoing, has led mechanical philosophers to con-

ceive them as composed of particles or atoms which do not

touch each other, which mutually repel each other, and which,

therefore, unless prevented by the pressure of the surrounding

bodies, would recede from each other to an indefinite distance.

Elasticity as Boyle ascertained by experiment, that the diminution of
the pre«- j^^.

'

n a jr [s always proportional to the pressure, and the in-
sure* • • f» • i

crease of bulk to the diminution ot pressure
;

or, in general,

that the bulk of air is inversely as the pressure which it sus-

tains. Thus air at the earth's surface sustains a pressure equal

* The older philosophers were misled in their calculations on this subject

by not attending to the effect of moisture.
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to ih« weight of lit'-- incumbent atmosphere, which is nearly

IlluMttt fn :i column of mercury M inches in height. If we

double this pressure, we reduce tlie bulk of the air to one-half;

if w triple it, to one-third ; and so on. if we remove one-

hall of the pressure, we double the hulk of the air; if we re-

mov. nine-tenths of the pressure, we increase the bulk ten

time-.* The same result was obtained by Mariotte and by

other philosophers.

Sir Isaac Newton demonstrated, that if this law be correct, "I
f

1

^
lli. ii ihe force by which the panicles of air recede from each p^cu, «f

oilier, increases or diminishes at the same rate that the dist- **"»•
j

ance between ilie centres of the particles or atoms of which it

is composed diminishes or increases; or, which is the same

thing, that the repulsion between the particles of gaseous bo-

dies is always inversely as the distance of their centres from

each other,f

Now the distance between the centres of the atoms of elastic ro<««

fluids always varies as the cube root of their density, taking the Utc rob*

word in its common acceptation. Thus, if the density of air

under the mean pressure of the atmosphere Ik- supposed 1 ; if

it bfl forced into |th of its bulk, its density becomes 8. In

these two cases we have the distance between the atoms of air

inversely as the cul)c root of 1 to the cube root of 8, or as 1

to 8. So that if air be compressed into ~th of its bulk, the

distance between its particles is reduced to one-half, and of

COUM the repulsion between them is doubled. If air be ra-

it lied .*}()() times, we have its density reduced to T ',
(J
th of that

of common air. Here we have the distance between the atoms

of common and the rarefied air as # 1 : # 3(H), or nearly as

1 : 7- So that when air is rarefied MO times, the distance be-

tween its particles becomes almost seven times greater, and of

course their repulsion is diminished almost sevenfold.

2. Such is the opinion at present entertained respecting the

constitution of gaseous b<xlies. The experiments on which it [j^M*,,

is founded were made almost exclusively on atmospherical air, of

and they have been extended from analogy toother gaseous bo-

dies. This analogy holds in many instances exactly, as has

been ascertained by recent experiments ; but in some few gases

it fails to a certain extent.

No degree of compression has been found capable of pro-

ducing any change in the constitution of air; as soon as it is

• Shaw's Boyle, ii. G71. Frincijiiu, Lib. ii. Prop. 28.
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Book ut. removed, the air resumes its original bulk, and has lost nothing
v""*v"-'''

of its elasticity. But upon some gases the effect of violent

compression is to reduce them to the state of liquids, or even

of solids. These gases are of course intermediate between va-

pours and airs, strictly so called.

Heat, as has been explained in a preceding part of this

Work, has the property of increasing the elasticity of gases,

while, on the contrary, cold diminishes their elasticity. No
degree of cold hitherto applied has any effect in altering the

constitution of air ; but upon some of the other gases it acts

so powerfully as to reduce them to the state of liquids, or even

of solids. These gases are the same that are affected by com-

pression, and doubtless for the same reason.

3. The gases are probably very numerous; but those hi-

therto examined with accuracy amount only to 36. Of these,

five are still undecompounded ; the rest are known to be corn-

List of ga- pounds. The following table exhibits a list of all the gases

known, arranged according to their composition. 1 include

among them the vapour of water, of alcohol, and of ether

;

vapours which deserve attention, and which will assist us in

examining the nature of various bodies considered as gaseous.

I. SIMPLE GASES.

1. Oxygen 3. Iodine vapour 5. Azote

2. Chlorine 4. Hydrogen 6. Sulphur

II. COMPOUND GASES.

a. Simple gases combined.

7. Hydriodic acid 11. Deutoxide of azote

8. Protoxide of chlorine 12. Steam

9. Protoxide of azote 13. Ammonia

10. Muriatic acid

b. Oxygen and a solid base.

14. Sulphuric acid 17. Carbonic acid

15. Sulphurous acid 18. Hydrocarbonic oxide

16. Carbonic oxide

c. Hydrogen and a solid base.

19. Cyanogen 22. Carburetted hydrogen

20. Sulphuretted hydrogen 23. Hydroguret of phosphorus

21. Olcfiant gas 24. Bihydrogurct of phosphorus
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d. Fluorine, chlorine, cyanogen, with a base. chip. h.

25. Fluosilicic acid 28. Hydrocyanic acid

26. Fluoboric acid 29. Chlorocarbonic acid

27. Chlorocyanic acid

e. Two solid bases.

30. Sulphuret of carbon.

/. Triple or quadruple compounds.

31. Hydriodic ether 34. Muriatic ether

32. Chloric ether 35. Alcohol

33. Sulphuric ether 36. Oil of turpentine

4. The difference between the specific gravity of the gases Their «p«-

under the same pressure, and at the same temperature, is much "j?,.
6™"

greater than that which exists between most liquid bodies.

The following table exhibits the density and the weight of 100

cubic inches of all the gases at the temperature of 60°, and

when the barometer stands at 30 inches ; supposing the spe-

cific gravity of common air 1*000, and the weight of 100 in-

ches of it 30 5 grains troy.*

Weight of

Gun. Sp. gri?Hj. 100 cubic inchet.

. . 30-5

.. 264-755

. . 166-987

.. 152-896

. . 133-434

. . 108-902

,. 105 896

.. 105-957

. . 2-777 .. . . 84-698

Sulphuret of carbon vapour .

.

.. 2-6447 .. . . 80-663

.. 78-2813

. . 76-250

Protoxide of chlorine .. 2-4444 .. . . 74-555

Fluoboric acid .. 72-312

. . 67-777

Muriatic ether . . 67*679

Chlorocyanic acid vapour . . 65-636

. . 55-069
Alcohol vapour . . 49-206

• The experiments on which this table is founded have been detailed in

the preceding part of this work.
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Book III.

Gases.

Bihydroguret of phospliorus

Hydrocyanic acid vapour .

.

W clglll OI

Sp. gravity. 100 cubic inches.

1*5277 .. .. 4-6-597

1-5277 .. . . 4-6-597

1*28472.

.

. . 39*184

1-1805 .. . . 36-007

1-1 111 .. . . 33-888

i-iii i .. . . 33-888

1-0416 .. . . 31-769

0*993 .

.

. . 30-347

0-9722 .. . . 29-652

0-9722 .

.

. . 29-652

0-9722 .. . . 29-652

0*9722 .. . . 29-652

0-9368 .. .. 28-572

0-9027 .. . . 27'535

0-625 .

.

. . 19-062

0-59027 .

.

. . 18-003

0-5553 .. . . 16-938

0-4166 .. . . 12-708

0-0694 .. 2-118

Weight of

their atoms.
5. Of these gaseous bodies there is one whose specific gra-

vity is equal to the weight of its atom. This is,

Sp. gr. oxygen Weight of

being 1. an atom.

Oxygen . l'OOO 1-000

Sixteen of them have their specific gravity equal to half the

weight of their atoms. These are.

Hydroguret of phosphorus

Sp. gr. oxygen Weight of

being 1. an atom.

. 3-095 ... . 6-190

. 2-250 . .

.

. 4-500

. 2-000 ... . 4-000

. 1-625 .. . 3-250

. 1*375 . . . . 2-750

. 1-375 ... . 2-750

. 1-0625 ... . 2-125

. i-ooo .. . 2-000

. 0-875 .. ,. 1-750

. 0-875 ... . 1-750

. 0-875 .. . 1-750

. 0-8125 .

.

. 1-625

. 0 5625 . . , . 1-125
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Sp. gr. oxjgen Weight of

being 1. an atom.

Carburetted hydrogen 0'5 .... 1*000

Carbon 0*375 0*750

Hydrogen 0*0625 0*125

Five of them have their specific gravity equal to one fourth

of the weight of their atoms. These are,

Sp. gr. oi< fen Weight of

beiug 1. an atom.

Hydriodic acid 3*986 15*914.

Muriatic acid 1-1557 4*625

Deutoxide of azote 0*9375 3*750

Hydrocyanic acid 0*8433 S*3732

Ammonia 0*53125 2*125

It follows as a consequence from the* preceding facts, that the

number of atoms in a given volume of these three sets of gases

are to each other as the following numbers:

First set 4;

Second set 2

Third set 1

Hence a cubic inch of oxygen gas contains twice as many
atoms as a cubic ineh of azotic gas, and 4- times as many atoms

as a cubic inch of ammonia. It is obvious from this, that if

common air be a mixture of 4 volumes azote and 1 volume of

oxygen, a given bulk of it is a mixture composed of 2 atoms
azote and 1 atom oxygen.

6. Philosophers have speculated a good deal concerning the Kiwticitjof

cause of the elasticity of gaseous bodies. The opinion which
seems at present most prevalent is, that repulsion resides in the ''**•

substance called heat; that the gases are combinations of this

substance with a base ; and that they owe the permanency of
their elastic form to the intimacy of the union between the
atoms of the base and this heat, the particles of which, though
they repel each other, are conceived to have a strong affinity

lor the atoms of other bodies. This opinion can be considered
in no other view than that of a plausible hypothesis, as it is by
no means susceptible of direct proof. Were it well founded,
we might conclude from it, that the elasticity of gases ought
not to increase precisely at the same rate as their diminution
of bulk; for when air is compressed forcibly, a considerable
quantity of heat is evolved. From the experiments of Dalton,
we learn that the heat evolved, when air is suddenly condensed

6
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Book hi. to half its bulk, is at least equal to 50° ; but the more recent

^ experiments of Biot demonstrate that the heat evolved in cases

of sudden compression of gaseous bodies is often much greater

than this. When a mixture of oxygen and hydrogen gases is

suddenly condensed, the heat generated is sufficient to set them
on fire, and convert them into water. The experiment was
made by forcibly compressing them by means of a piston in

the barrel of an air gun. The barrel, though iron and very

stout, was torn by the violence of the explosion.* So great

an extrication of heat ought to diminish the elasticity sensibly,

provided the compression be continued till the condensed gas

has time to cool. On 1 the other hand, when gaseous bodies

are rarefied, the diminution of elasticity ought not to follow

so great a rate as the increase of bulk ; for when air is dilated,

it absorbs heat probably in the same ratio as it parts with it

when condensed.

Quantity of 7. There has been a good deal of discussion likewise re-

tained^"" specting the constitution of gaseous bodies with respect to
gases. water. According to some philosophers, the presence of a

portion of this liquid is essential to the elastic state of the gases

;

nay, some have even gone so far as to affirm that the whole of

the ponderous matter contained in gases was water, and that

gases consist only of water combined with some body not pos-

sessed of sensible weight, as the magnetic fluid, the electric

fluid, &c. It would be needless to enter particularly into these

opinions, as they are not susceptible of proof, and have been

proposed merely as ingenious speculations, or as the means of

avoiding some difficulty.

From the experiments of Saussure, we learn, that when com-

mon air is left in contact with water for a sufficient time, at

the temperature of 57°, dry alkalies are capable of extracting

from every 100 cubic inches of it 0'35 of a grain troy of water.

The experiments of Mr. Dalton give almost exactly the same

result ; but Desormcs and Clement, at the temperature of 54°,

only obtained 0*236 of a grain of water from 100 inches of

air, by passing it through muriate of lime.f

Saussure ascertained that equal bulks of common air, hy-

drogen gas, and carbonic acid, left a sufficient time in contact

with water, at the same temperature and height of the baro-

meter, afterwards deposited the very same weight of moisture

if treated with dry alkali. Clement and Desormcs tried a si-

* Phil. Mag. xxi. 362. f Ann. de Chim.ilii. Vlb.
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milar experiment with air, oxygen, hydrogen, azotic, and car-

bonic acid gases, and obtained exactly the same result.* From
these experiments we may conclude that the quantity of mois-

ture contained in gases depends upon their bulk, and not upon

their density ; that 100 inches of all gases at the same temper-

ature, and under the same pressure, if left in contact with

water, mix or combine with the very same weight of it, or at

least are disposed to part with the same weight. This accords

completely with Mr. Dalton's experiments on the subject.

All gases in common cases contain moisture; for they all

give out a little when kept in contact with dry alkalies, muriate

of lime, sulphurio acid, lime, and similar substances, which

have a strong affinity for water ; but when these substances

cease to act upon them, are we to consider the gases as com-
pletely freed from water, or do they still retain a portion upon
which these bodies have no longer any effect ? We have no
means of determining this point in a perfectly satisfactory man-
ner. But when gases are exposed to the action of substances

which, like sulphuric acid, have a strong affinity lor water, and
at the same time are cooled down as far as possible, the quan-
tity of moisture remaining must be very small.

The presence of moisture produces a considerable effect

upon the specific gravity of gases, especially those that are
light. When hydrogen gas, for instance, is kept in contact
with water, at least half its weight may be safely ascribed to
moisture. Hence, when gases are weighed in order to obtain
their specific gravity, they ought to be as nearly as possible in
the same relative state with respect to moisture and dryness.
The presence or the absence of moisture will also have a con-
siderable effect in our calculations respecting the proportions
in which gaseous bodies combine

; though the observations of
Dalton prove that the effect of it is not nearly so great as lias

been alleged by some.

When gases stand over water, it is obvious that they will be
as moist as possible. In that case the proportion of water
which they contain will depend upon the temperature. The
lower the temperature, the smaller a proportion of moisture
will be present

; and if the temperature be very low, the gas
will be almost perfectly free from moisture.

8. Such is the present state of our knowledge respecting the Vahtreof

constitution of gaseous bodies. Fupours bear a considerable "P0"'**

• Ann. de Chim. xlii. 125.

7
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Book in. resemblance to them, and have thrown considerable light on
* their properties, though they differ in sonic essential particu-

lars. Vapours are elastic fluids, which may be made at plea-

sure to assume the form of liquids. In this they differ fiom

the gases.

When a vapour is compressed, a portion of it lotes the elas-

tic form, and is condensed into a liquid. The consequence of

this condensation is, that the remaining portion continues of

the same elasticity as before the compression. Hence the elas-

ticity of vapours does not increase as the pressure, like that of

gases.

When vapours are heated, their elasticity is not only in-

creased, but a new portion of liquid, if any be present, is con-

verted into vapour. Hence the elasticity apparently increases

at a much greater rate than that of gases.

On these two circumstances depend all the differences be-

tween vapours and gases. If allowance be made for them, then

it is true that the elasticity of vapours increases by compression

and by heat, precisely as that of the gases does. The higher

the temperature of vapours, the greater is the pressure which

they can support without assuming a liquid form.

There are some vapours, as those of mercury and sulphuric

acid, that do not become sensibly elastic, except at a tempe-

rature considerably higher than that of the medium heat of

the atmosphere, or when the ordinary pressure of the atmos-

phere is removed. Others, as those of water, alcohol, and

ether, have a very sensible elasticity even in low temperatures,

and can bear a certain degree of pressure without assuming

the liquid form. Among those bodies commonly considered

as gases there are some which, in very low temperatures, and

when subjected to strong pressure, assume the liquid form.

This is the case with ammonia ; and it is probable that it is the

case also with muriatic acid, fluoric acid, and all those gases

that are absorbed in great quantities by water. The other

gases cannot be made to assume a liquid form by any degree of

compression or cold hitherto applied. These facts strongly

corroborate the opinion at present most generally received,

that the elastic fluids owe their elasticity to heat, that they are

combinations of heat and a base, and that they owe their per-

manency to the strength of the affinity by which the heat and

the base are united together. When the affinity is not suffi-

cient to resist the forces usually applied, the elastic fluids are

called vapours; when it is, they are called gases. But in each
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of these classes the affinity has various degrees of strength. In amp. u.

some vapours the elasticity does not become sensible, except at v

temperatures higher than those usually applied ; in others, it

becomes sensible at the common temperature : in some gases

degrees of compression or of cold, w hich, though not common,

are still within our reach, destroy the elasticity, while in others

it continues however cold we make them, or however forcibly

we compress them.

SECT. II.

OF THE MIXTURE OF GASES.

Gaseous bodies may be mixed together like other fluids.

Now when such mixtures are made, there are some gases which
unite together and form a new compound, very different in its

properties from the gases which enter into its composition.

Thus muriatic add and ammoniacal gas form sal ammoniac, Gua mix,

and ?iitrous pas' and oxygen form nitric acid. There are others
"d rom '

which mix together w ithout any apparent change, as oxygen
and hydrogen gases, hydrogen and azote, &c. In the first case

a combination manifestly takes place; in the second, there is

more the appearance of a mechanical mixture. We shall con-
sider the second case in the present Section, and the first in

the succeeding Section.

1. The following table exhibits a list of the gases which may T»hkof
be mixed together without any apparent change in their state.

,hr *MM
a (bat mix.

I. Gases that mix
y but never combine intimately.

Oxygen with fluoboric, fluosilicic, and carbonic acids.

Hydrogen with muriatic acid, fluoboric acid, fluosilicic acid,
carbonic oxide, olefiant gas, carburettcd hydrogen, bihydro-
guret of phosphorus, sulphuretted hydrogen, ammonia.

Azote with most other gases.

Fluoboric and fluosilicic acids with most gases.

II. Gases which mix without change ; but by peculiar treatment
may be made to combine.

Oxygen with chlorine, iodine, hydrogen, azote, carbonic
oxide, sulphurous acid, protoxide of azote, hydrocarbonic
oxide.

Hydrogen with chlorine, iodine, azote.
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unokin. HI. Gases which mix without change ; but by peculiar treatment

may be made to decompose each other.

Oxygen with carburetted hydrogen, bihydroguret of phos-

phorus, olefiant gas, sulphuretted hydrogen, cyanogen, am-
monia.

Hydrogen with carbonic acid, deutoxide of azote, protoxide

of azote, sulphurous acid, &c.

2. When any two or more of the gases contained in the

preceding list are put into the same vessel, each of them dif-

fuses itself equally through the whole space so as to be equally

dense in every part of it. Every portion of the mixture con-

tains exactly the same proportion of each of the gases. When
An gases the gases have once diffused themselves equally through the
mix equally

vesse]
? ^he mixture always continues sensibly uniform, notwith-

standing any difference that may exist between the specific gra-

vity of the mixed gases. The heaviest gas does not fall to the

bottom of the vessel, nor the lightest gas rise to the top.

The first set of experiments on this subject was made by Dr.

Priestley. He put into the same cylindrical vessel common
air and carbonic acid, hydrogen and nitrous gas, nitrous gas

and carbonic acid, oxygen and hydrogen, sulphurous acid and

fluosilicic acid; and, allowing them to remain at rest for a

whole day, he carefully separated a portion of the mixture at

the top and at the bottom of the vessel, but they were always

very nearly the same in every respect.*

when It remained to examine, whether two gases, when merely
b«wgbt into

|3roUg]lt jnto contact, the lightest being placed uppermost, and

the heaviest lowest, will mix together of their own accord

without any agitation. This has been done by Mr. Dalton.

The gases tried were introduced each into a phial fitted with

a perforated cork, which were afterwards connected together

by a glass tube, 10 inches long and ^th of an inch in bore.

He first filled the lowest phial with carbonic acid gas, and put

into the upper successively common air, hydrogen, azotic, and

nitrous gases. The effect in all these trials was the same.

After standing an hour, the upper phial, when examined, was

found to contain no sensible portion of carbonic acid, but in

three hours it contained it abundantly. It was examined after-

wards every half hour, aud never failed to exhibit signs of the

contact.

» Priestley on Air, ii. 411.
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presence of carbonic acid. He then filled the upper phial

with hydrogen gas, and the lowest part with common air, and

afterwards with oxygen gas. The result was the same ; after

a day or two the gases were found diffused through both phials.

Nitrous gas and hydrogen, azote and hydrogen, azote and oxy-

gen, were tried with the si.me success.*

These experiments were carefully repeated by M. Berthol-

let His apparatus consisted of two small globular glass ves-

sels, furnished each with a stop-cock ; the capacity of the first

was 1*591 cubic inch, that of the second 1-693 cubic inch.

They were joined by a tube 0-197 inch in diameter, and 10*43

inches long. The experiments were made in a cellar, where

the temperature was equable. The stop-cocks were kept shut,

and all communication prevented, till the vessels had acquired

exactly the same temperature. The stop-cocks were then

opened, with the proper precautions not to alter the tempera-

ture. At the end of the experiment, the stop-cocks were shut,

and the gases in each vessel examined. The following table

exhibits the result of these experiments.

Glut
v <•»<<•!.

Gun uied. Time. Gun found in each insel.

1

2
Hydrogen
Carbonic acid

4S hours
41*73 Carbonic acid gas
43*26 Ditto

1

2
Hydrogen
Air

48 hours
47*21 Hydrogen gas
17*62 Ditto

1

2
Hydrogen
Carbonic acid

21 hours
13 Carbonic acid

46 Ditto

1

2
Air

Carbonic acid
21 hours

28 Carbonic acid

56 Ditto

1

2
Air

Carbonic acid
21 hours

27*2 Carbonic acid

59*8 Ditto

1

2

Azotic

Oxygen 21 hours
60 Oxygen
39*33 Ditto

1

2
Hydrogen
Oxygen 21 hours

50 Oxygen
50 Ditto

• Phil. Mag. xxiv. 8.
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Tabic continued.

Glass

vessel.
Gases used. Time. Gases found in each vessel.

1

2
Hvdrosren
Azotic

24 hours
46 Hydrogen
45 Ditto

1

2
Azotic

Carbonic acid
24 hours

22 Carbonic acid

60 Ditto

1

2
Azotic

Carbonic acid
48 hours

35 Carbonic acid

61 Ditto

1

2
Oxygen
Carbonic acid

24 hours
24 Carbonic acid

60 Ditto

1

2
Aii-

Carbonic acid
17 days

42 Carbonic acid

50 Carbonic acid

The hulk is

not altered,

Nor the

specific

gravity.

Supposed
to dissolve

each other.

From these experiments we may safely conclude, that all

gases mix intimately when brought into contact, independent

of agitation, and when once mixed they never afterwards se-

parate again.

3. When two or more gases are mixed together, the bulk is

not sensibly altered. If two gases, each two cubic inches in

volume, be mixed, the bulk after mixture will still continue to

be four cubic inches ; each gas appearing to occupy just the

same space as when separate. The truth of this observation

is too well known to practical chemists to require any particu-

lar illustration.

4. The specific gravity of such mixtures is precisely the

mean of that of the gases mixed, allowance being made for

the proportions of each that enter into the mixture. This ob-

viously follows from the last proposition, and is well known to

all experimental chemists.

5. Such arc the phenomena of the mixture of gaseous sub-

stances with each other. Two different explanations have been

given of them.

According to the first, which is the common explanation, all

the gases have an affinity for each other, and they mix, and

continue mixed or united, in consequence of this affinity.

The supposed mixture is in reality a combination^ and may be

compared to the combination of alcohol and water, alcohol

arid ether, which unite slowly when brought into contact, but
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when once united never afterwards separate. The force of ^JJ^
this affinity is very weak ; it therefore produces no sensible

change in the hulk or specific gravity of the compound. For

that reason, Berthollet, who has considered this subject at

great length, and treated it with his usual address, has given

the combination the name ofdissolution*

The second explanation was first proposed by Mr. Dalton, s.. Ppn*«i to

• 1- • v i • • • mil me-

who published a most ingenious dissertation on the subject in
c ,,aoicli,y.

the fifth volume of the Manchester Memoirs. According to

him, the particles of one elastic fluid possess no repulsive nor

attractive power, or are perfectly inelastic with regard to each

other; and consequently the mutual action of the fluids is

subject to the laws of inelastic bodies.f

The first of these opinions, though commonly received,

presents several difficulties when closely examined. In all

other cases of chemical combination, some change takes place

in the density of the compound ; but in the gases under con-

sideration no such change ever happens, the specific gravity

is always the mean of that of the gases before mixture.

Besides, several of the gases that thus mix or combine, with-

out any change in their density or other properties, are capa-

ble of entering into a still more intimate combination, in which

they constitute a new substance possessed of very different

properties. Thus oxygen and hydrogen form water, oxygen

and azote form nitric acid. These, and several other pheno-

mena, have induced Dalton to consider the notion of combi-

nation, in those cases in which the densitv and elasticity are

not altered, as absurd.

It must be allowed, that Mr. Dalton 's hypothesis accords am aot u
very well with the phenomena, anil explains, in a satisfactory JjJJ^"'

1 1

manner, many circumstances which do not so well tally with

the notion of combinations. According to this hypothesis,

if M measures of A be mixed with n measures of ii, the two

will occupy m + n measures of space. The particles of A
meeting with no repulsion from those of B further than that

repulsion which as obstacles in the way they may exert, would
instantly recede from each other as far as possible in their

circumstances, and consequently arrange themselves just the

same as in a void space ; their density, considered abstractly,

becoming (that of the compound being supposed unity).

In like manner the particles ofB must recede from each other,

• Statique Cliimique, i. 274 and 487 t Manchester Mem. v. 548.

vol, nr. u
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nook in. till they become of the density~~
n

. Thus the two gases be-

come rarefied to such a degree that their united forces only

amount to the pressure of the atmosphere. Here the particles

of one fluid not pressing at all upon those of the other, the

consideration of specific gravity does not enter. That part

of the atmospheric pressure which the fluid A sustains will

be —^— ; and the remainder, —-— , is the part that the fluidm + n m + n r

B sustains. The weight or pressure upon any one particle of

any fluid mixture of this sort will arise solely from the pax-

ticles of its own kind.*

According to this statement, it follows, that when two gases

are mixed, each occupies the whole space which constitutes

the bulk of the whole ; that the elasticity of the mixture is

the sum of the elasticities of the two gases, supposing each

to retain its new bulk ; and that the bulk after mixture is the

sum of the bulk of each before mixture.

Mr. Dalton has not brought any evidence in support of this

very ingenious hypothesis, except its conveniency in account-

ing for the phenomena. It has been opposed by Mr. Gough
and Mr. Berthollet with much keenness, but upon different

grounds; the former conceiving it as inconsistent with the

mechanical properties of elastic fluids
; *f- the latter, as not

according with their chemical properties. J

6. After considering the matter with attention, there still

appear to me to be several circumstances inconsistent with the

ingenious hypothesis of Dalton.

objections It is certainly conceivable that the particles of one elastic

to the last
fluid mav not repel another, just as a magnet does not repel

hypothesis. J i it! -ii l r
an electric body, though both magnetic and electric bodies

are elastic towards each other; but if this non-elasticity exists,

there can be nothing to hinder the particles of a gas from

rushing into the space occupied by another when the two are

brought into contact, except the mechanical resistance op-

posed by the particles against which those of either gas may

impinge: but if we consider the great degree of compression

which gases may be made to undergo, we cannot but allow

that, under the common pressure of the atmosphere, the dis-

tance between their particles must be many times gi eater than

their bulk. Of course, the resistance to the expansion from

9 Manchester Memoirs, v. 453. t Mut. Mag. xxiv. 103.

% Statique Cliimique, i. 48.5, &c.
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this impinging of one against another must be comparatively chap,

small. They ought therefore to rush into the space occupied *

by other gases almost with the velocity with which they rush

into a vacuum. Neither ought the difference of specific gra-

vity to produce so great a difference in the time of mixture

as we find it does. These, and some other circumstances

of a similar nature, do not seem to agree with the notion of

non-elasticity; at least they have not been shown to agree

with it.

If gases were mutually non-elastic, and if the slowness of

their mixture were to be ascribed to their impinging against

each other, it is impossible to conceive any reason why, in such

a case, they should not combine together. Suppose oxygen

and hydrogen gases in contact and mixing, why should the

atoms of oxygen not unite with the atoms of hydrogen, against

which they impinge and form water ? We know that they

have an affinity for each other; they are supposed by the

hypothesis to come into contact, what then, if they have no

repulsion, prevents them from uniting ? In like manner, azote

and hydrogen should form ammonia; azote and oxygen,

nitrous gas, &c. Now, as this never happens except when one
of the constituents is destitute of elasticity, there is every rea-

son to believe that it is this elasticity which prevents the

union ; and if so, the different gases must be mutually elastic.

But if we consider this mechanical obstacle which the par-
ticles of one gas oppose to the dilatation of another, it will be
dillicult to distinguish it from elasticity. Suppose a given bulk
of one gas to be brought in contact with a given bulk of ano-
ther, they remain for some considerable lime before they
begin to mix, the surface of the one presenting an obstacle to

the expansion of the other. But this suiface is kept in its

place by the elasticity of the whole gas of which it constitutes
a part. The gases cannot mix till this obstacle be removed.
Now this appears to be allowing, in unequivocal terms, that
the gases are mutually clastic.

I am disposed therefore to reject both the opinion of Ber-
thollet, that the intimate mixture of the gazes with each other
is owing to qtfinity, and the hypothesis of Dalton, that dif-
ferent gases are not mutually elastic to each other. I con-
ceive that when two gases are mixed the particles of each are
beyond the sphere of the affinity of the particles of the other.
If the elasticity be owing to the action of heat, it seems to fol-
low as a consequence that difiercntgases must be mutually clastic

n 2
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Book in. towards each other. But I think the elasticity itself is suffi-
v

v
' cient to account for this mutual mixture gradually taking place,

without being under the necessity of having recourse to the

hypothesis of Mr. Dalton.

vapours 7. The vapour of water and (for any thing we know to the

j^eTiu'the
contrary) all vapours mix with gases precisely in the same

same mau- way as gases mix with each other. We are indebted to Mr.
ner as gases. _ . ^ . .

Dalton tor the most complete set or experiments on this sub-

ject. The following is the general conclusion which he was

enabled to draw from his numerous trials. Let 1 represent

the space occupied by any kind of gas of a given temperature,

and free from moisture
; p, the given pressure upon it in inches

of mercury; j\ the force of vapour from any liquid at that

temperature in a vacuum : then the liquid being admitted to

the air, an expansion ensues, and the space occupied by the

air becomes = 1 + -j—y, or, (which is the same thing)

Thus let the temperature be 180°, p = 30 inches, and let the

liquid be water : then f— 15 inches.* Then—^— =———=2.
1 p — / 30- 15

So that the bulk of the air in this case is doubled.f

Thus it appears that when a vapour and a gas are mixed,

the elasticity of the mixture is the sum of the elasticities which

the two constituents would have, supposing each to occupy

the bulks of the whole; and that the volume of the mixture

is equal to the sum of the volumes of the two constituents,

supposing both separately subjected to the same pressure which

the compound sustains after mixture. Now this is precisely

what happens when two gases are mixed,

opinions re- No less than three opinions have been advanced respecting

natureo/the the nature of the mixture of gases and vapour. According
mixture. £0 the two first, the ingredients ai-e chemically combined ; ac-

cording to the last, they are mechanically mixed.

According to the first opinion, the gas combines with the

liquid and dissolves it, not in the state of a vapour, but of a

liquid. The phenomena do not well accord with this hypo-

thesis. Indeed the experiments of Dalton, just recited, are

incompatible with its truth. It cannot therefore be admitted.

According to the second opinion, the gas dissolves the va-

pour precisely as one gas docs another : or the vapour exists

* Mr. Dalton's table of the force of vapour at different temperatures

has been given in vol. i. p. 61, of this work,

f Manchester Memoirs, v. 57'2.
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in a o-nseous state, forming the same imperfect combination

with the gas as mixed gases do with each other. This is the

opinion which has been most commonly received ever since

the hygrometrical experiments of Saussure and De Luc.

Tlie third opinion is that of Mr. Dalton. According to

him, the particles of gases and vapours are not mutually

clastic to each other. When they are mixed, the elasticity

of the vapour frees the gas from part of the pressure which it

sustained. The gas of course dilates, in consequence of the

excess of its elasticity, till its elasticity, when joined with that

of the vapour, just balances the pressure. The two fluids are

mixed, but do not act upon each other. Each of them sup-

ports a part of the pressure. If either of them be destroyed,

and the other be made to sustain only its own part of the

pressure, the bulk will not be altered. The reader w ill per-

ceive that this is precisely the hypothesis respecting the mixture

of gases which was stated above. Indeed it seems to have been

the phenomena of the vapours, when mixed with gases, which

first led Dalton to form that hypothesis.

This hypothesis explains the phenomena remarkably well.

We see from it, why, other things being the same, the

quantity of vapour is always proportional to the bulk of the

gas, why all gases contain the same proportion of it, and why

the bulk of the mixture is equal to the previous bulk of the

two ingredients. But it is liable to the same difficulties an

stated above when considering the mixture of gases.

I conceive that the phenomena are explicable without the

supposition that gases and vapours are nut mutually elastic

towards each other. I consider the vapours as existing in

gases in the elastic state. The small proportion of them,

when compared to the gases, necessarily places their particles

at such a distance, that small changes in the density of the

gases do not bring the particles of vapour near enough to

convert them into liquids.

8. Mr. Dalton has applied his hypothesis to the explanation why »tr

of a very curious set of experiments made by Dr. Priestley.
,

p
ĥ h hot

He found that when moist earthenware retorts are heated, yeneh of

the vapour of water passes outwards through the pores of the liL""'
vessel, while at the same time the external air makes its way

*e"D '

inwards through the same pores, and may be collected in con-
siderable quantities.* He afterwards extended his experi-

* Priestley on Air, ii. 407.
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Book nr.; ments to different kinds of gases, and found, that if the
V—

v

~/

earthenware vessel be filled with one species of gas, and sur-

rounded with another, if heat be applied, a portion of the gas

makes its escape through the pores of the vessel, while an

equal quantity of the external gas enters through the same
pores.* The same thing takes place in bladders without the

application of heat. If a bladder be filled with hydrogen

gas and suspended in the air, it soon acquires the property of

detonating, in consequence of the external air with which it

is mixed. Mr. Dalton has shown that these curious experi-

ments are easily explained by means of his hypothesis. The
heat increases the size of the pores, which furnish a commu-
nication between the air without the vessel and the vapour or

gas within. The two mix by means of these pores, for the

same reason that they would mix if brought into contact in

two vessels communicating with each other,f But it is not

necessary to suppose the truth of Dalton's hypothesis to ex-

plain these phenomena : the same mixture ought to take place

even though the two gases be mutually elastic, provided pores

exist in the vessel.

Distillation 9. Fontana made a set of experiments on distillation, and

seis'fuTi oT' published them in 1779. These experiments show that air

acabie

PraC
" ^ no ^ Pass^ve m cases or* evaporation, as it must be according

to Dalton's hypothesis. He united two matrasses together

by means of a glass tube, and sealed the joinings hermetically.

One of the matrasses contained water, the other was empty.

He made the water boiling hot, and kept it in that state, while

the other matrass was kept cool; but the water did not distil

over into the empty matrass. In like manner, ether exposed

to a heat of above 14-0° in one matrass, while the other was

surrounded with ice, refused equally to distil over.| These

experiments, if we allow them to be correct, show very de-

cisively that air is not passive ; for had the matrass been pre-

viously deprived of air, we know that the liquids would have

distilled over very readily. "Nothing can prove more deci-

sively that gases and vapours arc mutually elastic; for it can

be the elasticity of the enclosed air alone, greatly increased

by the heat, which not only retards, but prevents the dis-

tillation.

* American Phil. Trans, v. 14.

| Bcrthullct, Statiuue Chiraique, i. 498.

f Phil. Mag. xxiv. 14.
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SECT. III.

OF THE COMBINATION OF GASES.

There arc various elastic fluids which have the property of cb^u^

unitin" together, and of forming a new compound, either
V-W*

gaseous or not, and which possesses very different properties

from the constituents of it when merely mixed. Now these

gaseous bodies may be divided into two classes; some com-

bine in all circumstances by mere mixture; others only unite

in particular states.

I. The following table exhibits a list of the gases that unite U*m

bv mere mixture, and of the products which they form. combine,
J „ mlxiorr.

C Nitrous acid
Oxygen with nitrous gas

J Nitric acid

Ammonia with vapour Liquid ammonia

muriatic acid Muriate of ammonia

fluoboric acid Fluoboratc of ammonia

fluosilicic acid Fluosilicate of ammonia

carbonic acid Carbonate of ammonia

sulphurous acid Sulphite of ammonia

sulphuret. hyd Hydrosulph. of amm.

sulphurous acid .... Sulphuret. hyil.

I. It was first observed by (iay-Lussac and made out by

him, by a set of observations and experiments that appear

satisfactory, that gaseous bodies unite always either in equal

volumes, or 1 volume of the one with 2, % &c. volumes of the

other.* The following table exhibits the volumes of the pre-

ceding gases that are capable of uniting together, and the

names of the products which they form.

Volume*. Product!.

(Kvgen 1O0 + 133 nitrous gas Nitric aaid

Oxygen 100 + 200 nitrons gas Nitrous acid

Ammonia 100 + 100 muriatic acid Sal ammoniac

Ammonia 100 + lOo fluoboric acid l'luoborate of ammonia
Ammonia 100 + 50 fluoboric acid Subtluoborate of ammonia
Ammonia 300 + 100 fluoboric acid Subtrifluoborate of ammonia
Ammonia 100 + 50 fluosilicic acid Fluosilicate of ammonia
Ammonia 100 + 100 carbonic acid Carbonate of ammonia
Ammonia 100 + 50 carbonic acid Subcarbonate of ammonia
Ammonia 100 + 100 sulphurous acid Sulphite of ammonia
Ammonia 100 + 100 sulphuretted hydrogen., Hydrosulphuret of amm.

ous'acid|
+ 300 sulphuretted hydrogen.. Hydrosulphurous acid

* Mem. d'Arcueil, ii. 207.



40 GASES.

Bookin. II. The gases which may be mixed without any striking

2.
combination, though they are capable of uniting in certain

which circumstances, are by no means numerous. The following
combine mi

,
. . O

^
particular table exhibits a list of them, and of the products which they

stMc^.' *°rm wnen united.

Products.

Oxygen with hydrogen Water
carbonic oxide .... Carbonic acid

azote Nitric acid

chlorine Chloric acid

sulphurous acid .... Sulphuric acid

nitrous oxide Nitric acid

Hydrogen with chlorine Muriatic acid

iodine Hydriodic acid

cyanogen Hydrocyanic acid

Chlorine with carbonic oxide .... Chlorocarbonic acid

1. These, like the preceding gases, combine either in equal

volumes, or in volumes that are multiples of each other, as

was first observed by Gay-Lussac, and as will appear by the

following table

:

Volumes. Products.

Oxygen 100 + 200 hydrogen Water
Oxygen 50 + 100 carbonic oxide . . . Carbonic acid

Oxygen 250 + 100 azote Nitric acid

Oxygen 250 + 1 00 chlorine Chloric acid

Oxygen 50 + 100 sulphurous acid . . Sulphuric acid

Oxygen 200 + 100 protoxide of azote . Nitric acid

Chlorine 100 + 100 hydrogen Muriatic acid

Iodine 100 + 100 hydrogeu Hydriodic acid

Cyanogen 100 + 100 hydrogen Hydrocyanic acid

Producu 2. The greater number of tftese products are permanently

Mcfl

fl

uid»

M" elastic fluids, belonging to that, class which possess the gase-

and liquids. ous properties less completely, or which approach to the state

of vapours; the rest are liquids. Thus it appears that these

gaseous bodies, by combination, lose a portion of their elas-

ticity.

combina- 3. Oxygen combines with hydrogen and with carbonic

duceS'by oxide by combustion, while it unites with azote by means of

electricity
electricity, or at the temperature at which hydrogen burns.

Thus these bodies, though they do not unite spontaneously,

may combine, while the two ingredients which enter into

union are both in a gaseous state. It is highly probable that
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1

heat and electricity in these cases act precisely in the same chap, m
way. v '

Now, if the common opinion be true, that gases are com-

pounds of bases and heat, and that when they combine they

lose a great quantity of caloric, it may seem at first sight diffi-

cult to conceive how heat causes them to unite together. That

a body which increases the repulsion of the gases, should, by

its accumulation, occasion their union or the destruction of

that repulsion, seems, at first sight, a contradiction. Monge, Maimer tm

long ago, offered a very ingenious solution of this difficulty,
JJ^JJ^JJ

which has been generally received as the true one. Repulsion

is a force which occasions motion. If, by any means, the

repulsive force of one atom of a gas be increased, this atom will

act with increased energy upon all the neighbouring atoms ; it

will set them in motion, and they in their turn will act upon
those in their neighbourhood, and thus the motion will be

propagated through the whole fluid. Suppose, in a mixture

of oxygen and hydrogen gas, that an atom of oxygen were
suddenly heated ; it would act with increased energy on the

atom next to it, and drive it against the atom next farthest off".

The rapidity of the motion of the repelled atom will increase

with the temperature of the repelling atom. Now we may
conceive the heat of this repelling atom to be increased to

sueh a pitch as to drive off the neighbouring atoms with such
velocity that they shall approach indefinitely near other atoms
before they have time to remove. But when an atom of oxy-
gen approaches indefinitely near an atom of hydrogen, they
will combine and form water. The combination is attended
with the disengagement of heat, which repels the atoms in the

neighbourhood, and thus propagates the combination. Ac-
cording to this explanation, caloric occasions the union of two
gases, not by dilating, but by compressing their atoms, and
forcing them indefinitely near each other; and electricity con-
fessedly acts in the same way.

According to this notion, heat acts only indirectly when it

occasions the combination of gaseous bodies : by forcibly ex-
panding one portion of the gas, a sudden compression is pro-
duced in the portion in the neighbourhood. This compres-
sion causes the atoms to combine; and if the combination is

attended with the evolution of heat in sufficient quantity, the
same thing is constantly renewed till the whole gaseous mix-
ture has combined. Hence those gases only combine, when
set on fire, which give out a great deal of heat in the act of
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Book union, as oxygen and hydrogen, oxygon and carbonic oxide.

Others, which combine without the evolution of much heat,

as oxygen and azote, require constant renewals of the external

agent, and after all, it is difficult to unite a whole mixture of
these gases; a great part usually escapes untouched. Hence
the reason why azote and oxygen combine only when exposed
to the repeated shocks of electrical explosions, or when assisted

by the constant heat of burning hydrogen. That compression
has the property of causing oxygen and hydrogen to combine
has been proved by the experiments of Biot. It has the same
effect upon all those bodies that give out much heat when they

unite. Hence the reason why so many substances detonate

when suddenly struck upon an anvil, or when smartly rubbed
between two hard bodies. Sir H. Davy has lately made a

curious set of experiments on this subject, and has shown that

the combustion and explosion of gaseous mixtures depends

upon the temperature entirely; that each has a particular tem-

perature at which it explodes.* He concludes from this fact

that the hypothetical explanation of Monge is inaccurate. I

do not however see any incompatibility between the two. In-

deed if we consider that gaseous mixtures do not explode un-

less when mixed in certain determinate proportions, it cannot

but give a tendency to adopt the opinion that the combina-

tion is the effect of the pressure produced by the great evolu-

tion of heat.

suipburons 4. It is probable, that when sulphurous acid gas and oxygen

oxygen.*

1

are mixed together, they combine and form sulphuric acid

:

but, as the experiment has not been made in a decisive man-

ner, as no remarkable appearance takes place when the two

gases are mixed together, I have not ventured to arrange them

among those which combine spontaneously. Dr. Priestley

left a mixture of sulphurous acid gas and common air stand-

ing over mercury for two days in a jar. On absorbing the

gas, and examining the common air, he found that it had been

deprived of a portion of its oxygen.f The two are known to

combine in a red heat; but whether a portion of sulphur be

first separated, and then enters into combustion, has not been

ascertained.

The* ga«* 5. All the gaseous bodies contained in the preceding table

unite only ^ nia( je [j« anv 0f t j )e methods with which we are ac-
In OTIC pro- 'J J

portion.

* Annals of Philosophy, ix. 151.

t Priestley on Air, ii. 316.
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quaintcd, to unite in one proportion only; and if we apply cftMp. ir.

Dalton's hypothesis to the compounds formed, we shall find v

that the gases unite, either atom to atom, or two atoms of one

to one atom of the other. Whenever oxygen and hydrogen

gas combine, the product is water; oxygen and carbonic oxide

gas produce carbonic acid, and oxygen and azotic gas always

nitrous acid. This is the more remarkable, because the bases

in the last case are capable of uniting in various proportions.

What fixes them down to this particular compound, nitrous

acid, when both are gaseous?

6. Several of these gases experience a marked condensation rmimi

when they combine. The degree of this can be ascertained JJJJJ^S"

with more accuracy than in the first set of gases, because few

of them change their form. It may be seen in the following

table. The first column exhibits the volumes of the gases

which combine; the second, the volume of the compound

formed, supposing it to remain in the gaseous state ; and the

last shows the condensation or the volumes which have disap-

peared by the condensation.

Constituent*.
» 11111111*"*

of ditto.
Product*. Volume of ditto.

Vnliimt** i
i,m.

rirnard.

Oxygen
Hydrogen

1

2
Water 2 1

Oxygen
Carbonic oxide-

1

2

Carbonic
acid

2 1

Oxygen
Azote

2-5

1

Nitric acid 1? 25?

Oxygen
Chlorine

25
1

Chloric acid Unknown Unknown

Oxygen
Sulphurous acid

1

2

Sulphuric

acid
1-2 1-8

Oxygen
Protoxide of azote

2
1

Nitric acid 1? -

Hydrogen
Chlorine

1

1

Muriatic

acid
0

I [ydrogtq
Iodine

1

!

1

Hydriodic
acid

2 0
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Constituents.
Volumes

of ditto.
Products. Volume of ditto.

Volumes con-

densed.

Hydrogen
Cyanogen

1

1

Hydrocy-
anic acid.

2 0

Chlorine

Carbonic oxide
1

1

Chlorocar-

bonic acid. 1 1

8. Gases

which de-

compose
each other

on mixture.

III. Besides the two sets of gases described in the preceding

part of this Section, there are two others which deserve at-

tention, because, though they do not combine together, yet

they have a marked action upon each other. The first set

mutually decompose each other whenever they are mixed,

and produce new compounds of a different nature; the second

set do not act on each other spontaneously, but they may be

made to decompose each other in peculiar circumstances.

1. The following table exhibits a list of the principal gases,

which mutually decompose each other when mixed together.

Oxygen with phosphuretted hydrogen

Chlorine with ammonia
phosphuretted hydrogen

carburetted hydrogen

olefiant gas

sulphuretted hydrogen

Decomposi-

tion some-

times ac-

companied
by combus-

tion.

Phosphu-

retted hy-

drogen and

oxygen.

nitrous gas

Sulphuretted hydrogen with nitrous gas

2. The decompositions in the first three cases in the table

are attended with combustion; for phosphuretted hydrogen

gas immediately takes fire when mixed with oxygen gas or

chlorine, as does ammonia when mixed with the latter gas.

The other decompositions take place without any sensible

combustion ; and yet, what is singular, some of the new sub-

stances formed seem in every case to be products of combus-

tion.

3. Phosphuretted hydrogen is a compound ofa gas and a solid

or non-elastic body. We may consider it as phosphorus dis-

solved in hydrogen, and of course deprived of its cohesion.

This increases the facility with which oxygen acts upon it, and

enables it gradually to combine with that principle at the tem-

perature of the atmosphere, precisely as happens when it is

dissolved in azotic gas : But when the proportion of the two

6
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gases coming in contact is considerable, the temperature pro- chap,

duced is sufficient to set fire to the hydrogen, or to cause it to v

combine with oxygen. This accounts for the brilliancy with

which phosphuretted hydrogen burns: it accounts also tor the

deposit of phosphorus sometimes observable when the quan-

tity of oxygen gas is not sufficiently great. Hydrogen has a

stronger affinity for oxygen than phosphorus; but its elasticity

prevents the combination. The phosphorus being neither re-

strained by elasticity nor cohesion, begins the combination,

and supplies the requisite temperature. The hydrogen then

burns rapidly, or combines with oxygen in preference to the

phosphorus ; which of course must remain only partially com-
bined with oxygen, unless there be a sufficient supply of that

principle. The products when the combustion is complete,

are water and phosphoric acid ; when the combustion is in-

complete, water and phosphorous acid.

\. The spontaneous combustion of ammonia in chlorine is

owing to the combination of the hydrogen of the ammonia
with the chlorine, and the subsequent union of the muriatic

acid formed with the undecomposed ammonia. Exactly one
fourth of the ammonia is decomposed ; and the gases to ob-
tain a complete effect mu<t be mixed in the proportion of 8
volumes of ammonia to 3 volumes of chlorine. For the 8 vo-

lumes of ammonia are equal to 6 + 2 volumes, and 2 volumes
of ammonia contain 3 volumes hydrogen + 1 volume azote.

The three volumes of hydrogen uniting with the three vo-

lumes of chlorine will form G volumes of muriatic acid, which
uniting with the 6 volumes of undecomposed ammonia form
solid sal ammoniac, while 1 volume of azotic gas remains be-
hind. So that a mixture of 8 cubic inches of ammonia, and
3 cubic inches of chlorine will form 3*3675 grains of sal am-
moniac, and 1 cubic inch of azote will remain in the gaseous
form. The gaseous product of such a decomposition amounts
to-rVth of the original bulk of the gaseous mixture.

5. As phosphorus, even in the solid state, rapidly melts, and
burns with a pale white flame in chlorine gas, we need not be
surprised that phosphuretted hydrogen gas, in which the phos-
phorus is in a much more favourable state for combustion,
should exhibit the same phenomenon. The flame is more
lively than when the gas burns in common air. Three volumes
ol chlorine are required for the decomposition of 1 volume of
phosphuretted hydrogen. Two of the volumes combine with
the phosphorus and convert it into bichloride of phosphorus.
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Poofc in. The other volume uniting with the hydrogen becomes muri-
v

v ' atic acid.

6. When carburetted hydrogen and olefiant gas are mixed
with chlorine, each previously as dry as possible, little imme-
diate effect is produced. But the chlorine gradually unites to

the hydrogen of the combustible gas and is converted into mu-
riatic acid, while the carbon is precipitated. This effect is fa-

cilitated by heat or electricity.

7. Chlorine unites with both of the constituents of sulphur-

etted hydrogen, and the products are chloride of sulphur and

muriatic acid. Two volumes of chlorine are necessary for

every volume of sulphuretted hydrogen.

8. Chlorine has no action on deutoxide of azote, as has been

ascertained by the experiments of Sir H. Davy, and by my
own. But if a little water be admitted, or if the experiment

be made in vessels moistened with water, nitric or nitrous acid,

and muriatic acid are formed. This had been observed by

Humboldt,* but he was not aware of the necessity of the pre-

sence of water.

Nitrmisgas 9. The spontaneous decomposition produced when nitrous

phure't'td gas and sulphuretted hydrogen gas are mixed together, was
lydrogen. grst ODServecL by Mr. Kirwan. The gases ought to be dry,

otherwise their mutual action is greatly impeded. This mu-

tual action of these two gases was also ascertained by Austin,

f

and was afterwards more minutely examined by Davy,]; v\ho

confirmed the fact previously asserted, that no sulphurous or

sulphuric acid is formed ; and showed that the new compounds

are protoxide of azote, ammonia, and water; and that the ni-

trous gas suffers a diminution in bulk, varying from 0"5.5 to 0'7.

I have made several experiments on the mutual action of these

gases on each other: but have not yet satisfied myself of the

nature of the changes which take place. When the gases are

not quite free from a mixture of common air, sulphur is depo-

sited upon the sides of the vessel in which they are mixed.

But even when the mixture is made upon a pretty large scale,

(100 cubic inches for example of each gas) no trace of water

can be perceived, if the gases previous to mixture were dry.

When the gases mixed are quite pure, no sulphur is depo-

sited; but a red coloured substance makes its appearance.

This substance is sometimes in small crystals, and sometimes

* Ann. de Cliim. wviii. [41.

X Researches^ uo:>.

+ Phil. Trans. 1788. p. 384.
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it becomes liquid. In this last case, it assumes a yellowish chap. a.

green colour. It is soluble in water. The solution has the

smell of sulphuretted hydrogen ; but none of that gas can be

detected in it by reagents. It threw down antimony white as

pure water would have done, and did not act upon solutions of

iron, or copper at all. "When the two gases are mixed in equal

volumes, the residual gas amounts at an average to ±th of the

volume of the mixture. This residual gas contains no sul-

phuretted hydrogen ; for it produces no change upon a solu-

tion of acetate of lead. If it be left over water for 24- hours,

it is completely absorbed. When mixed with hydrogen gas,

and an electric spark passed through the mixture, a detonation

takes place, accompanied by a blue flame. It required about

half its volume of hydrogen gas to burn it completely, and the

residue was nearly as bulky as the original volume of the gas.

I conclude from these experiments that the residual gas was a

mixture of about 40 volumes protoxide of azote, and 18 vo-

lumes of ammonia. Let us suppose a mixture of 100 volumes

of dcutoxide of azote, and 100 volumes sulphuretted hydrogen

gas. The constituents of these will be as follows

:

Vulumrs

100 vol. deutoxide of azote, rompmed 30 azote + 50 oxygen
100 vol. suphuretted hyd. composed . . 50 hyd. + 50 sul.

.";0 azote + 50 oxvgen + 50 hyd. 4 50 sul.

The residual sn* consists of 40 volumes

protoxide of azoie = 40 azote + 20 oxygen
18 volumes ammonia = 9 azote + 0 oxvgcn + 27 hydrogen

Total of residual gas m 49 asote + 20 oxx gen + 27 hydrogen

It would appear from this that the whole of the azote is to

be found in the residual gas, and the whole of the sulphur in

the red solid substance, condensed upon the sides of the vessel.

This substance must be a compound of

50 volumes sulphur, or probably of sulphur 5 atoms.

27 volumes hyd. or probably of . . hydrogen 3 atoms.

30 volumes oxygen, or probably of oxygen 6 atoms.

I have made some experiments on this curious compound,
but without detecting any remarkable properties. It dissolves
readily in water. The solution has the smell and the taste of
sulphuretted hydrogen ; but does not act upon metallic solu-
tions.

Such are the phenomena of the action of those gases on each
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Book in. other, which mutually decompose each other spontaneously.
* * ' Almost the whole of them consist in the action of a supporter

on a compound combustible ; the new compounds are usually

products of combustion ; of course the process is similar to

combustion, and heat we may presume is evolved. The ac-

tion is facilitated by the diminished elasticity and loose state

of combination of one of the ingredients. The products in

some of these mixtures are constant ; but in others they vary

with the proportion of the ingredients of the decomposing

gases.

IV. The gases which mix without spontaneous decompo-

sition, but which may be made to decompose each other in

particular circumstances, as on the approach of an ignited

body, when electric explosions are passed through them, &c.

are more numerous than the preceding.

*. Ga«g 1. The following table exhibits a list of the mest remarkable

com^ of these mixtures

:

tain circum- Oxygen with sulphuretted hydrogen
stauce8

' carburetted hydrogen

olefiant gas

vapour of ether

alcohol

Deutoxide of azote with hydrogen

phosphuretted hydrogen

sulphuretted hydrogen

carbonic oxide

carburetted hydrogen

olefiant gas

vapour of ether

vapour of alcohol

sulphurous acid

Nitric acid with hydrogen, and probably all the preceding

combustible gases and vapours

sulphurous acid

Nitrous gas with hydrogen

sulphurous acid

Hydrogen with sulphurous acid

Hydrogen with carbonic acid

Vapour of water with carburetted hydrogen

olefiant gas

These decompositions are of two kinds : some are accompanied

or produced by combustion, and arc of course instantaneous;
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others take place without combustion, and are of course very ^v'[
l
'j

slow. The first kind supposes the mixture of a gaseous sup-

porter of combustion with a combustible gas : the second sup-

poses either the absence of a supporter, or the presence of one

which cannot be decomposed by the combustible base, or,

finally, the absence of a combustible base. The list of the

compound gases capable of decomposing each other without

combustion is probably very incomplete.

2. Sulphuretted hydrogen gas may be kept mixed with com- suiphumt-

mon air or oxygen without undergoing any change ; but it the and oxjgen.

mixture be made to approach an ignited body, combustion im-

mediately takes place, and the products vary according to the

proportion of the gases mixed. If the oxygen be small, or

(which is the same thing) if it be admitted slowly, as by setting

fire to a phial full of sulphuretted hydrogen gas standing in

the open air, in that case a great proportion of the sulphur is

deposited unaltered, and some sulphurous acid is formed. In

this case we see that it is the hydrogen which burns. The com-

bustion is analogous to that of pure hydrogen. The heat pro-

duced is sufficient to set fire to a portion of the sulphur, but

the greatest part escapes unaffected. If sulphur were combus-

tible at as low a temperature as phosphorus, sulphuretted hy-

drogen would burn spontaneously as well as phosphuretted hy-

drogen. It is this circumstance which distinguishes them:

The phenomena of the combustion are absolutely the same.

It is the hydrogen which unites with oxygen, and not the solid

which it holds in solution. Hut the heat evolved is sufficient

to maintain the combustion of this solid
;
accordingly it also

combines with oxygen, if the proportion of that principle be

sufficient.

3. The phenomena attending the combustion of carburettcd

hydrogen and olefiant gas with oxygen have been examined by
Cruikshanks, Berthollct, Henry, and myself. When the vo-

lume of oxygen is sufficient to saturate both the constituents of

these gases nothing is formed but water and carbonic acid.

Carburetted hydrogen requires twice its volume, and olefiant

gas thrice its volume of oxygen gas to produce complete de-

composition. When olefiant gas is mixed with a smaller quan-
tity of oxygen gas than is requisite to consume it completely,

and when an electric spark is passed through the mixture, a
detonation takes place, charcoal is precipitated, and the ga-
seous residue is more bulky than the original gas before explo-

VOL. III. f.
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Boot nr. sion. Thus in my experiments a mixture of 4- volumes olefiant
11

* ' gas and 3 volumes oxygen gas, left a residue amounting to 11

volumes. This residue there is reason to believe is a mixture

of carbonic oxide and hydrogen gas. So that a portion of the

hydrogen is set at liberty by the deposition of the carbon
;

while a portion of the carbon is converted into carbonic acid,

and another portion into carbonic oxide.* Sir H. Davy has

shown that carburetted hydrogen is the least combustible of

all the combustible gases.
Ether on 4, j)r> Ingenhousz first discovered that the vapour of ether

has the property of detonating with common air and oxygen
gas. Cruikshanks discovered that the detonation takes place

only when a certain proportion of the elastic fluids are mixed,

and that in that case the decomposition is complete. The
same remarks apply to the vapours of alcohol. These two

vapours, then, agree exactly with carburetted hydrogen and

olefiant gas in the nature of the decompositions which they

undergo when fired with oxygen gas, as they correspond with

them in the elements of which they are composed.

Cruikshanks found, that when one measure of the vapour of

ether is mixed with seven measures of oxygen, the mixture

explodes by electricity with prodigious violence; that the de-

composition is complete, the residual gas, amounting to 5 mea-

sures, being carbonic acid. Mr. Dalton hit upon a very sim-

ple and ingenious method of producing this detonation and

decomposition at pleasure. He puts into a detonating tube any

quantity of oxygen gas, and lets up into it (standing over

water) a little ether. Its bulk immediately increases, in con-

sequence of the conversion of a portion of the ether into va-

pour ; so much so as to be sometimes doubled. By agitating

the tube a little, a portion of this vapour is dissolved in the

water, and of course the bulk of the gas diminishes. By re-

peating these agitations, the proportion of ether left may be

diminished at pleasure. We have only to continue them till

the bulk is ith more than before the admission of the ether ;

for then we know that the vapour of the ether amounts just to

•£th of the whole.

From the experiments of M. de Saussui-e, junior, it follows

that both ether and alcohol vapour may be considered as mix-

tures of olefiant gas and vapour of water, in the proportions

b

* Memoirs of the Wernerian Society,!. 521.
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pointed out in a preceding chapter of this work.* Hence the chap. ir.

observations just made on the combustion of olefiant gas will

apply equally to these vapours.

5. The phenomena which take place when the combustible Protoxide

gases arc fired with protoxide of azote, are similar to those
"ot""

that happen when they are fired with oxygen. The products

vary with the proportion of the ingredients ; but they are

always constant when the quantity of protoxide is sufficiently

great to produce complete decomposition. As this supporter

of combustion is itself a compound, it is always decomposed

by its action on the other gas, and this adds greatly to the

complexness of the result. It is to Davy that we are indebted

for the most exact set of experiments on these decompositions.

It may be inferred from the experiments of Davy and the

observations of Gay-Lussac, that when equal volumes of pro-

toxide of azote and hydrogen are fired by electricity, water is

formed, and a quantity of azote evolved, amounting exactly to

the original volume of the protoxide of azote. Hence the

phenomenon is precisely the same as when oxygen and hydro-

gen are exploded by electricity. The whole of the azote is set

at liberty, and the whole oxygen of the protoxide of azote

combines with the hydrogen.

6*. When 1 volume of phosphuretted hydrogen is mixed
with 3 volumes of protoxide of azote, and the mixture burnt
by means of electricity, there remains after the explosion ex-

actly 3 volumes of azotic gas. Hence the combustion is the

same as if the phosphuretted hydrogen had been mixed with

1
l

, volume of oxygen gas. The azote is entirely passive.

Indeed it is not necessary to enter into details respecting the

action of protoxide of azote on the combustible gases. It is

exactly analogous to the action of oxygen gas on the 9amc
elastic fluids. We have only to use double the volume of pro-

toxide of azote to obtain the very same products as with oxy-
gen, and there will always remain behind a residue of azote

equal in volume to the protoxide employed.

7. There can be little doubt that nitrous gas or deutoxide of
azote will act upon combustibles exactly as protoxide of azote.

Davy indeed could not succeed in firing mixtures of nitrous

gas and hydrogen, or phosphuretted hydrogen.f But this

was probably from not having hit upon the requisite propor-
tions. For I found no difficulty in my experiments to fire

• See vol. ii. p. 339, and 316. t Researches, p. 13G.

E 2
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Book 111. such mixtures. Indeed nitrous gas and phosphuretted hydro-
v"—v--'

/

gen explode spontaneously if a bubble of oxygen gas be let

up to the mixture of them.

Kitrou* pat There is a decomposition of nitrous gas by nascent hydro-

hjdro'S!"
4

gen extremely difficult to explain. It was first observed by
Priestley and Austin, and afterwards examined by Davy.* It

takes place when moist iron is placed in contact with nitrous

gas. The iron is oxidized at the expense of the water, hydro-

gen is evolved, the nitrous gas is converted into nitrous oxide,

and some ammonia is formed. 100 measures of nitrous gas,

by this process, are reduced to about 4 If measures of nitrous

oxide, indicating a loss of 58-i- per cent. The simplest expla-

nation is to suppose that 2 volumes of hydrogen are evolved

for every 4 volumes of nitrous gas. These two volumes when

nascent would combine with 1 volume of oxygen from the ni-

trous gas, and would leave 1 volume of oxygen and 2 volumes

of azote, which by condensing into half the bulk of the ni-

trous gas would form protoxide of azote. On that supposition

the diminution of the gas ought to be half its former bulk, and

no ammonia ought to be formed. I am disposed to believe

that this is really what takes place, and that the formation of

ammonia is owing to some unknown action of the iron itself.

8. In the remaining examples of decomposition exhibited in

the table no combustion takes place; the change is slowly pro-

duced by the continued action of electricity, and is in several

instances not a little complicated.

Hydrcen One of the most remarkable of these decompositions is what
and carbo- happens when a mixture of hydrogen and carbonic acid are

subjected to electric explosions, or passed through a red-hot

tube. In both cases water is formed, and carbonic oxide

evolved. Indeed, from the observations of Saussure, it is pro-

bable that this decomposition takes place spontaneously. This

change can be ascribed only to the superior affinity of hydro-

gen for oxygen. It is curious that the elasticity of the hydro-

gen docs not prevent its combination with oxygen, especially

as that oxygen is intimately combined with another principle.f

It is extremely probable that many similar decompositions arc

2oina: on in the atmosphere.

* Priestley, ii. 4 1, and 54 ;
Austin, Phil. Trans. 1708. p. 383

;
Davy, Re-

searches, p. 20G.

+ See the experiments of Saussure, Jour. <lc Phys. liv. ; and of. Clement

and Desnrnies, Ann. de Chim. xxxix.
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When electric sparks are taken in carburetted hydrogen Chap. u.

containing the vapour of water, the bulk is increased, and car- ^^f^d
bonic acid formed. Henry has shown that in this case water j**"mm

h \ tirogen*

is decomposed, its hydrogen set at liberty in the elastic state,

while its oxygen combines with a portion of the carbon of the

gas, and forms carbonic acid. This decomposition seems at

first sight incompatible with the well-known greater affinity of

oxygen for hydrogen than for carbon. It appears directly the

reverse of the last example, in which hydrogen decomposed

carbonic acid by the same means. Nor does it seem possible

to explain it without having recourse to the doctrine of Ber-

thollet, of the great effect of mass in chemical action. In the

first case, the hydrogen bears a considerable proportion to the

carbon ; but in the second, the proportion of carbon is much
greater than that of hydrogen.

SECT. IV,

OF THE COMBINATION OF GASES WITH LIQUIDS.

As liquids and gases are in a different state, and as the par-

ticles of the latter must be brought into a more condensed state

by their union with liquids in any notable proportion, the elas-

ticity of the gases must oppose a resistance to this kind of

combination, and regulate the proportion of elastic fluid which
any liquid is capable of absorbing. Below this proportion, it

is obvious that a liquid will unite with any quantity, inde-

finitely, of a gas for which it has an affinity. Thus the only
fixed point in these combinations is when the elasticity of the

gas is just balanced by the affinity. The liquid is then said to

be saturated with the elastic fluid, because it will not absorb
any more of it.

Though the number of liquid bodies is pretty considerable, Ation of

the action of one only, namely water, upon the gases, has hi-^°n

therto occupied almost exclusively the attention of chemists.
To it, therefore, we must confine ourselves in the present
Section. A few observations only can be offered on the other
liquids.

That water has the property of absorbing a certain portion
of air, which may be again separated by boiling, has been
known ever since the discovery of the air pump. That if pre-
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Book nr. vkmsry freed from air, it will take up some part of every ga-

seous fluid whatever, was early perceived by Dr. Priestley,

who directed a good deal of his attention to the effect which

water produced upon different kinds of air. Mr. Cavendish

ascertained the proportion of carbonic acid gas absorbed by

air in different circumstances. Priestley made similar expe-

riments upon a variety of other gases. The subject was pro-

secuted by Delametherie, Senebier, and other foreign che-

mists ; but it is to the recent experiments of Dr. Henry, Mr.

Dalton, and M. de Saussure, that we are indebted for almost

all the precise notions which we possess respecting this curious

subject.

The gases, if considered with reference to their absorption

by water, may be divided^ into two classes ; those that are ab-

sorbed in a small proportion, and those that are absorbed in a

great. Almost all the gases belong to the first class
;
ammonia,

muriatic acid gas, and a few other acid gases, are the only ones

known at present which belong to the second. We shall con-

sider, in the first place, the union of the first class of gases,

and afterwards those of the second class,

I. The following table exhibits a list of the gases which are

but little absorbable by water, placing them in the order of

their absorption, and beginning with the least absorbable

;

Azotic gas Oxygen gas

Hydrogen gas Deutoxide of azote

Arsenical hydrogen

Carburetted hydrogen

Carbonic oxide

Phosphuretted hydrogen

Table of

tlie gases

little ab-

sorbable hj

water.

Olefiant gas

Protoxide of azote

Carbonic acid

Sulphuretted hydrogen

Thejrasse, 1. When water, impregnated with any of these gases, is

P
a^,wb'

n a
placed under the exhausted receiver of an air pump, the gas

separates from the water and assumes its elastic form. Hence

it follows, that the force by which these gases are retained by

water is inferior to that of their elasticity. They continue in

the water only as long as they are subjected to an external pres-

sure, equal to that which they sustained when the water was

impregnated with them. If this pressure be increased, the

proportion of them which water is capable of taking up in-

creases ; if the pressure be diminished, the proportion taken

up by water diminishes in like manner. Hence, in making

experiments, similar results can be obtained only when the
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pressure is the same, or when the barometer stands at the same a*p.j^

The quantity of gas taken up by water is likewise affected

hv the temperature, because the temperature increases the th« temper-

J . „ 1 1 i i- • • 1 il autre.

elasticity. The quantity of gas absorbed diminishes as the

temperature increases, and increases as the temperature di-

minishes. Similar results, therefore, can be obtained only

when the thermometer stands at the same point.

Common water always contains a certain quantity of air, An.i P .ir«y

1 ^« j • • of the water.

which varies m its nature and proportion according to cir-

cumstances. This air affects the power of water to absorb

gases. Similar results can only be obtained when it is re-

moved. This is done by subjecting the water to long boiling,

or by placing it under the exhausted receiver of an air pump.

2. When the pressure, temperature, and purity of the water

are the same, then water absorbs a determinate quantity of

every individual gas. This has been decisively demonstrated ki P ti-

by the experiments of different chemists, especially by those
JJ^**^,.

of Dr. Henry, Mr. Dalton, and M. de Saussurc. It is by <>", »»«>

no means an easy matter to determine with accuracy the ab-

solute quantity or bulk of gas which water will take up, be-

cause that is affected by a variety of circumstances that cannot

always be appreciated. The experiments of the three chemists

just mentioned arc most to be depended on. Those of Dr.

Henry were made with much precision, and with an appara-

tus well calculated to ensure accuracy ; while that of Dalton

is distinguished by that simplicity which characterizes all his

experiments. Dr. Henry employed a glass syphon, one of the

legs of which was long and narrow, the other was a cylin-

drical glass much wider, and terminating both above and

below in a stop-cock. This vessel was accurately graduated,

as well as the narrow leg of the syphon. The horizontal

portion of this syphon consisted partly of a tube of caoutchouc,

which made it flexible, and enabled the operator to agitate

the glass cylinder, or wide leg of the syphon, without risking

the fracture of the whole. The cylindrical vessel was first filled

with mercury. The requisite portion of water was introduced

by the upper stop-cock, while the same bulk of mercury
escaped by the lowermost stop cock. The requisite portion

of gas was introduced over the water in the same way. Thus
the surface of the mercury was made horizontal in both legs

of the syphon. The wide leg was agitated. The subsidence

ol tiie mercury in the narrow leg marked the absorption, and
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Book hi. the quantity of mercury, added to restore the horizontal level,

* v~""*/ gave correctly the bulk of the gas which was taken up by the

water.* Mr. Dalton employed a phial provided with a very

accurate ground-stopper for the less absorbable gases, and for

the more absorbable, a glass tube accurately graduated. It

was filled with the gas, a small portion was expelled under

water, and a little water admitted; it was then agitated, the

mouth being shut with the finger. The finger being removed

occasionally under water, the quantity of that liquid which

entered marked the proportion of gas absorbed.

f

The following table exhibits the bulk of each gas absorbed

by 100 cubic inches of water at the temperature of 60°, ac-

cording to the experiments of these philosophers :

Absorption according to

_ , , . Gases. Henry. Dalton. Saussure.
Table of *

the bulk of Sulphuretted hydrogen 106 100 253

ToZdl'y Carbonic acid 108 100 106
water. Protoxide of azote 86 100 76

Olefiantgas — 12'5 15'3

Deutoxide of azote 5' 3*7 —
Oxygen gas 3*7 3*7 6*5

Phosphuretted hydrogen 2*14 — —
Carburetted hydrogen 1*4 3*7 51
Azotic gas 1*53 1*56 4-1

Hydrogen 1'61 1*56 4*6

Carbonic oxide 2'01 1*56 6*2

The difference between these columns is not greater than might

be expected in experiments of such delicacy. Indeed, in se-

veral instances, this difference may be explained in a satis-

factory manner. But it is necessary to mention, in the first

place, that Mr. Dalton's numbers are not the direct results of

his experiments, but these results corrected by the application

of a theory which he invented ; whereas Dr. Henry's and de

Saussure's are without any such correction.

* See Phil. Trans. 1803, and Nicholson's Jour. vi. 229. The only ex-

ceptionable part of this apparatus was the caoutchouc joint. It would

yield somewhat according to the weight of mercury, aud thus prevent the

absorption from being accurately measured by the height of the mercury in

the narrow leg of the syphon.

f See Manchester Mem. vol. i. second series ; and Phil. Mag. xxiv. 15.

For a description of the apparatus of de Saussure, I refer to the Annals of

Philosophy, vol. vi. p. 316, and vol. vii. p. 218.

5
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Mr. Cavendish found, that at 55° Fahrenheit 100 inches of chap. n.

water absorbed in some cases 116 inches of carbonic acid, or^ '

nearly 1± time its bulk. Dr. Henry likewise found the quan-

tity exceed the bulk of the water. Now it is difficult to see,

from his experiments on the absorption of this gas, how the

error, at least of Cavendish, should be on the side of excess.

We may presume, therefore, that Mr. Dalton's number is

rather small. The same reasoning applies to sulphuretted

hydrogen.

Mr. Dalton informs us, that he has succeeded in making

water absorb very nearly its own bulk of protoxide of azote.*

In Dr. Henry's first experiments, he found the absorption of

this gas only 50 ;f while Davy stated it at 54. J It has been

since ascertained, that this deficiency was owing to the im-

purity of the gases examined. I consider Saussure's number
as pretty nearly correct.

The quantity of nitrous gas absorbed by water is usually

greater than it ought to be, because water contains a little

oxygen gas; this gas combines with and converts a portion

of the nitrous gas into nitrous acid. For this reason we may
consider Mr. Dalton's statement respecting this gas as nearly

correct.

The carburetted hydrogen gas examined by Dalton was
from marshes, and of course pure. Dr. Henry does not men-
tion the source from which he procured his. If it was from
moist charcoal, as is not unlikely, the greatest part of it must
have been carbonic oxide, which would account for the dif-

ference between his statement of the absorbability of carbu-

retted hydrogen and that of Dalton. Upon the whole, Dal-
ton's numbers do not deviate far from the truth.

Mr. Dalton is of opinion that Saussure is wrong in the ab-

sorbability of oxygen, azote, and indeed all the gases which
are but very little absorbable by water. He conceives the
error to proceed from the capacity of the vessel, in which the

gases were measured, having been ascertained while it was
dry, but the gases were put into it, and their quantity mea-
sured when the inside surface of the vessel was moist. §

3. Were we to consider Dalton's table as correct, it would
follow from it that all these gases may be arranged under four
sets. Water absorbs its own bulk of the first set, |th of its

• Phil. Mag. xxiv. 15. f Nicholson's Journal, vi. 231.

J Researches, p. 140. K Annals of Philosophy, vii. '218.
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Book in. bulk of the second set, -,'

rth of its hulk of the third set,
* v

' and ^th of its bulk of the fourth set. But these fractions

are the cubes of the reciprocals of the natural numbers
;

thus -i-, —, Now this very unexpected conse-

quence follows from this, that the distance between the parti-

cles of each gas, when contained in the water, is always either

the same as before its absorption, or some multiple of it. In

the first series of gases it is the same. The density of car-

bonic acid, sulphuretted hydrogen, and nitrous oxide, and

the distance between their particles, is the same in water as

when they constitute an elastic atmosphere. The density of

defiant gas is £th, and the distance between its particles twice

as great as when constituting an elastic atmosphere. The
density of oxygen, and the other gases which constitute the

third series, is -A-th, and the distance between their particles

three times as great when in water as when constituting an

elastic atmosphere. The density of azote and the fourth series

of gases is ^-th, and the distance between their particles four

times as great as when elastic. But the subsequent experi-

ments of Saussure given in the third column of the tabic

show us that this law does not exist, and that there are no such

simple relations, as Dalton has supposed, between the density

of gases in and out of water.

Effect of 4. From the experiments of Dr. Henry upon gases sub-
pressure.j

j
ec j.ecj to different degrees of pressure, from that of one to that

of two or three atmospheres, and thus reduced to double or

triple their -usual density, that philosopher has deduced the

following very important general law: Water, of the same

temperature, always takes up the same bulk of each gas, what-

ever be its density. Thus, if we suppose that water at 60

absorbs just its bulk of carbonic acid gas in its ordinary state

of density, it will still continue to absorb its own bulk, though

that gas be condensed into half its usual space, or ±d its usual

space, and so on. Hence it follows, that by increasing the

pressure sufficiently, we may cause water to absorb any quan-

tity of gas we please. To cause water to absorb what is equi-

valent to twice its bulk of carbonic acid, we must make it

absorb the gas under an additional pressure of 30 inches of

mercury ; to make it absorb what is equal to thrice its bulk,

we must subject it to a pressure of 30 inches, and so on. To

cause water to absorb what is equal to %d of its bulk of oxy-

gen gas, there would be required a pressure of about 10 at*

o
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mospheres, or a column of mercury 270 inches, or 22^- feet cbapMi^

long.
.

On the other hand, if we diminish the usual atmospheric

pressure, and thus expand gases to twice, thrice, &c. their

usual bulk, water at the same temperature will still absorb

exactly the same number of cubic inches, and of course only

one-half or one-third the weight of gas which is taken up

under the usual pressure of the atmosphere. Hence we see

the effect of placing water impregnated with gases under the

exhausted receiver of an air pump. The same bulk of gas

will still continue in the water, but its density will be diminish-

ed according to the exhaustion. If the exhaustion be carried

to 300 times, the quantity remaining in the water will be

only th of the original quantity.

5. If the quantity of gas absorbed by water depends entirely A b*>rv<i

upon the pressure, if it increases and diminishes precisely as ET^f1

the pressure does, we cannot hesitate to allow that the gases <•".»•

still retain their elasticity after they have been absorbed by

the water. The combination (if the absorption of gases by

water be entitled to that name) seems at first sight scarcely

comparable with chemical affinity ; for the water takes up

any quantity of gas whatever, provided the bulk be the same.

The proportion of the ingredients in this case is entirely re-

gulated by the bulk, whereas in chemical combinations it is

regulated by the weight.

Here, then, we have a species of combination seemingly

different from every other; the law of which is, that there

must always exist a constant ratio between the density of the

portions of gas within and without the water. Mr. Dalton c.**~ Mis-

conceives that the absorption of the gases is merely mechani- J^,™.'
7

cal : that thev do not really combine with the water, but arc c,llT miir*

• i i i
wi,b

forced into its pores; that the gas contained in the water

does not press upon that liquid* but merely on the contain-

ing vessel ; and that it is precisely in the same state with re-

gard to the water as if it were diffused in a vacuum. But
there are two circumstances which appear to me to be in-

compatible with this notion. The first is, that heat is evolved

when carbonic acid gas and sulphuretted hvdrogen are ab-

sorbed bv water. Dr. Henry observed that a thermometer
plunged in the liquid rose from J- to iths of a degree.* The
second is, tliat the bulk of the water is increased by the ira-

• Nicholson's Journal, v. 225.
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Bonk in. pregnation; for the specific gravity of water impregnated
v

v ' with carbonic acid gas is less than it ought to be. Thus
Bergman found the specific gravity of water, saturated with
carbonic acid at the temperature of 36°, to be 1*0015,* com-
pared with that of water of the same temperature; whereas it

ought to have been 1*0019, even on the supposition that it

had taken up only its own bulk of acid gas, while Bergman
expressly assures us, that the water took up more than its

bulk. Thus it appears that water suffers an expansion by
absorbing carbonic acid gas, which would be impossible unless

the gas acted upon it. For surely it will not be contended,

that any supposed elasticity in the water itself is equivalent

to so great a change of bulk as that above mentioned.

There must then be an action between the atoms of the gas

absorbed and the water. Farther, the evolution of heat, not-

withstanding this expansion, is altogether inconsistent with

what happens in every case, unless we suppose that a species

of combination takes place between the particles of gas and

the water, and that the evolution is the consequence of this

combination.

uc^onsfor If the mixture of gas and water were merely mechanical,

themd'ls- no good reason could be assigned why the very same bulk of
solved in it. q^q^ should not be forced by the same pressure into the pores

of water. It is this circumstance, apparently so puzzling,

that serves as a key to the whole, and enables us to reduce

the absorption of the gases by water to the simple principles

of chemical affinity. The elasticity of the gas, as Berthollet

has shown, opposes its union with bodies that are non-elastic,

and limits the quantity of gas which can combine; for when

the attraction between the liquid and gas is just balanced by

the elasticity, no more gas can be absorbed. Were it not for

this elasticity, the proportion of gas that might be dissolved

by a liquid would be indefinite.

Let us suppose the pressure of the atmosphere to be com-

pletely annihilated. In that case the gaseous bodies would

expand indefinitely till their atoms exercised no sensible re-

pulsion. Let us now suppose a quantity of such a gas to be

exposed to the action of water. The liquid would absorb it,

and the particles of gas thus taken up would arrange them-

selves in regular order at determinate distances from each

other. These distances would regulate the quantity of each

* Opusc. i. 9.
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gas taken up, while the distances themselves would be regu- chap, it

lated by the affinity between the gas and the water. The ~~ ~~

greater the affinity, the nearer might the atoms of gas ap-

proach each other before their elasticity balanced the affinity

between them and the water. In such a supposed case we

have no means of determining what the bulk of each gas ab-

sorbed would be ; though we are certain that it would bear

some proportion to the affinity between it and water. The
quantity absorbed, estimated by weight, would be altogether

inappreciable.

Now let us suppose that the gases are subjected to a certain

pressure, as that of 30 inches of mercury, equivalent to an

atmosphere. In that case they undergo a great augmentation

of density, and a proportional augmentation of elasticity;

but tliis increase of elasticity being just balanced by the pres-

sure, it is the same thing with respect to their absorption by

water as if there was no augmentation
;

or, in other words,

the gas, notwithstanding its increase of density, presents no
greater obstacle to its absorption by water than before; for

whatever the density of gases may be, in as far as that density

is produced by pressure, it is balanced by the pressure. Hence
whatever the density of a gas may be from pressure, water
ought to absorb always the same bulk of it ; and the know-
ledge that this is in reality the case, we owe to the experiments
of Dr. Henry. This law, so far from being a demonstration
that the absorption of gases by water is merely a mechanical
effect of the pressure, ought to hold even on the supposition
that the combination is chemical; while the determinate pro-
portions of each gas absorbed is a demonstration that the
combination is chemical, and that it is regulated by the pro-
portion which exists between the repulsion of the particles of
gas and the attraction of water for these particles. The water
will absorb such a portion of each, that the repulsion between
the particles absorbed just balances the affinity of water for
them. If the affinity be double, the repulsion may be dou-
ble

;
if die affinity be one-half, the repulsion must be one-

half; and so on.

From the experiments of Henry and Dalton we learn, that
the affinity between water and carbonic acid is such as nearly
to balance the elasticity. Hence that gas combines with water
with but little or no change in its density; but the affinity be-
tween water and olefiant gas being only half as great as the
elasticity, the distance between its particles, when it combines
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with water, must be double, and of course water will only

combine with £th of the bulk of this gas that it does of car-

bonic acid, supposing both gases before absorption to be under
the same pressure. For that portion of defiant gas, when it

combines with water, must expand when in the water so as to

occupy eight times its former bulk. In like manner, the

affinity of oxygen gas being only ^d that of the elasticity,

water will take up 27 times as much in bulk of carbonic acid

as it will of oxygen
; because, when the atoms ofoxygen com-

bine with the water, they must separate to triple their former

distance, that the affinity and elasticity may balance each

other. The affinity of azote for water being only ^th of its

elasticitv, water will absorb 64 times as much of carbonic acid

as of it
; because, when the atoms of azote combine with the

liquid, they must separate to four times their former distance

before the affinity is capable of balancing the elasticity.

rmPortfon 6. From the experiments of Dr. Henry, amply confirmed

soru-d de- by those of Mr. Dalton, we learn, that the proportion of ap-
pends upon

s absoj-bej by water depends greatly upon the nature of the
the residue. ° J sr o J r

gaseous residue. Thus, if we take 100 cubic inches of water,

and agitate them in 200 cubic inches of carbonic acid at the

common temperature, at least 100 inches of the gas will be

absorbed. In this case the residue is pure carbonic acid

;

but if we mix together 200 inches of carbonic acid and 100

inches of common air, and agitate 100 inches of water in

them, in that case the residue will not be pure carbonic acid,

but a mixture of carbonic acid and air. The quantity of acid

gas taken up from such a mixture will not be 100 inches as

before, but only 60 inches.* Here, when the residue was

pure carbonic acid, a much greater proportion of gas was

absorbed than when it was a mixture of carbonic acid and

air. This holds generally when the residue contains a foreign

gas ; the quantity absorbed is less than usual, and it diminishes

in proportion to the quantity of foreign gas present.

Gases cepa- If a quantity of water fully impregnated with any gas be

Srwi'", put into a vessel containing any other gas, a portion of the gas

brought h. makes its escape out of the water, and mixes with the super-
contact with

other ga*™. incumbent elastic fluid. The quantity which thus escapes is

proportional to the bulk of the superincumbent gas compared

with the bulk of the water. Hence if water, impregnated with

carbonic acid, be exposed to the open air, almost the whole of

* Henry, Nicholson's Jour. v. 833.
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the acid makes it escape, and the water becomes insipid. If chap. 11.

a little water impregnated with sulphuretted hydrogen, or
v—

nitrous oxide, be let into a large jar full of oxygen or any

other gas, the sulphuretted hydrogen, or nitrous oxide, makes

its escape in a great measure, and mingles with the oxygen.

To preserve the impregnation entire, the water must either be

kept in close vessels, or pressed upon by an atmosphere of the

very same gas which it contains.

This curious law was first discovered by Dr. Henry, who
announced it as a demonstration of the truth of Mr. Dalton's

peculiar theory of the non-elasticity of gases to each other.*

For if a gas can be retained in water by the pressure of an

atmosphere of its own gas, and not by that of any other, it was

inferred that gases do not mutually press upon each other.

7. The proportion ofgases absorbed by water is considerably Proportion

influenced by the temperature. Dr. Henry found, that 100 ^£44^.
inches of water at 55° absorbed 108 inches of carbonic acid; "p»»

but the same quantity of water at 85° absorbed only 84 inches, tun-.

One hundred cubic inches of water at 55 absorbed 106 inches

of sulphuretted hydrogen, while at 85° it absorbed only 95
inches.f We are not to consider these numbers as correct,

because Dr. Henry did not attend to the purity of the residue;

but they are sufficient to show us that the proportion of gas
absorbed is affected by the temperature.

The reason of this is quite obvious. The elasticity of gases
increases with their temperature; but the proportion of them
absorbed by water must of course diminish at the same rate
as their elasticity increases. That this is the true explanation
has been shown by an experiment of Dalton. If water im-
pregnated with gas, and having an atmosphere of the same
gas over it, be confined in a well-stopped phial, it may be ex-
posed to any change of temperature between S'J and 212°
without any change in the proportion of the gas contained in

the water.} In this case the superincumbent gas suffers the
same change of its elasticity as the portion contained in the
water, and consequently balances that change. The gas and
the water continue exactly in the same situation with respect
to each other as if no change whatever had taken place.

8. If a sufficient quantity of pure water be agitated with
any pure gas whatever, the whole of that gas wiQ be absorbed

* Nicholson's JouT. viii. 298.

I l*hil. Mag. xxiv. 13.

t Ibid. j>. 233.
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Book in. without leaving any residue; but if the water is not absolutely
v

" pure, then there will always remain a residue, and that resi-

due will consist partly of the gas absorbed, and partly of the

gas previously contained in the water,
water sup- ^ great number of experiments have been .made on this
posed by

. .
1

someto con- subject by different chemists, especially Dr. Priestley * and

into azote. Mr. Berger
; f but as they neglected to notice the nature

and quantity of gas with which the water used was impreg-

nated, and likewise (in many cases) the purity of the gas used,

no satisfactory conclusions can be drawn from their experi-

ments.

Berger found that when common air was allowed to stand

over water till it had lost -i-th of its bulk, the residuum con-

sisted wholly of azotic gas, for phosphorus produced no sen-

sible change in its bulk. Dr. Priestley found the same change

produced when the bulk of the air was reduced to 0'7 or to *75.

This change is obviously connected with some particular

change which takes place in stagnant water
;
probably a spe-

cies of putrefaction. Some substances contained in the water,

and taken up from the vessel, seem to acquire the property of

uniting with oxygen, and thus withdrawing it from the water

as rapidly as it dissolves. Thus Mr. Dalton found, that water

kept in a wooden trough very soon lost the whole of its oxy-

gen. X It is not so easy to explain the result obtained by

these philosophers when nitrous gas and hydrogen gas were

left standing over water. Bergman found that both gases, by

long standing, lost £ths of their bulk ; the residue was azote.

Such are the phenomena of the absorption of gases by

water. They all admit an easy explanation, on the supposi-

tion that there exists an affinity between the gases and water,

and that the proportion of each gas which is absorbed is re-

gulated by its affinity for the water and by its elasticity. Let

us now consider the more absorbable gases.

II. All the very absorbable gases belong to the class of

supporters, acids or alkalies. The following is a list of such

of them as have been hitherto examined, placed in the inverse

order of their absorbability

:

1. Chlorine 5. Muriatic acid
Lift or the , .

more ab- 2. Cyanogen 6. r luoboric acid

EaS.
b,e

3. Sulphurous acid 7. Ammoniacal gas.

4. Fluosilicic acid

• Ainer. Trans, v. 21. t Jour, de Phys. lvii 5.

f Phil. Mag. x\iv. 17.
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L The following table exhibits the number of measures of cbap.n.

each of these gases absorbed by one measure of pure water : Bulk of

them ab-

Chlorine 2 sorbed by

water*

Cyanogen 4^

Sulphurous acid * W78
Fluosilicic acid f 363 +
Muriatic acid 516

Fluoboric acid f 700

Ammoniacal 780

2. When a cubic inch of water is saturated with the pre- Explosion

ceding gases, it undergoes an increase of bulk. The following of,beT"ter*

table exhibits the bulk of the water when thus saturated, sup-

posing the original bulk to have been L

Saiiirati-d with Cubic Inchr*.

Chlorine 1*002 +
Sulphurous acid I*M0
Fluosilicic acid

Muriatic acid 1*500

Ammoniacal 1*666

Thus the particles of the water, by this impregnation, are

separated farther from each other than they were at first.

Hence the density of the gas absorbed is not so great as it

would appear to be at first sight from the bulk of it absorbed.

Thus, though one cubic inch of water absorbs 516 cubic

inches of muriatic acid gas, yet as the cubic inch expands

during the absorption so as to become l
[r
cubic inch, it is ob-

vious that only jds of the 516 inches of gas are contained in

a cubic inch ; the remaining third is necessary for the addi-

tional half inch produced by the expansion of the water.

Hence the density of the muriatic acid gas in the mixture is

just ^ds of 516, or 314. That is to say, that every cubic inch

of such saturated water contains 344 cubic inches of muriatic

acid. Hv a similar method may the density of each of the

gases in water saturated with them be ascertained. The fol-

lowing table exhibits these densities:

Chlorine 15 VMMy
S ,,1,-J. . <» 1 .— ronlain.il in
UlpIlUl OUs 31 7 . k ii.r acivrnbulk

Muriatic 3it'0 *m»w*m
Ammonia 468 -0

* By Saussure's experiments. My own trials gave 33.

r John Davy, Phil. Trans. 1812, p. 357, 367.

VOL. III. F
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Book in. From this table it appears that the atoms of sulphurous acid
V

v
' gas in water saturated with it are nearly three times nearer

each other than in their usual state ; those of muriatic acid

seven times nearer, and those of ammonia are almost eight

times nearer.

3. It will not surely be denied that the absorption of these

gases by water is the consequence of an affinity between them
and that liquid ; for it is impossible on any other supposition

to explain the enormous condensation which they experience,

combine notwithstanding their elasticity. Yet the phenomena are in
chemically *? . • 1 i /• i

with the every respect the same, except in degree, with those ot the
water.

gases considered in the preceding part of this section. Not
only the rapidity of absorption, but even the quantity ab-

sorbed, is materially affected by the mixture of them with

other gases. They only expel each other partially from water,

as happens to the other gases. When liquid ammonia is

thrown up into a barometer tube, the mercury immediately

sinks ten inches. The other gaseous solutions produce a si-

milar effect. They are expelled likewise when the impreg-

nated liquid is placed under the receiver of an air-pump, and

when it is exposed to a boiling heat. In short, it is impossible

to point out a single circumstance in which the absorption of

these gaseous bodies by water differs from that of the first

class of gases, excepting merely the bulk of them absorbed.

In most of the gases belonging to the first class, the gases

experience an expansion when absorbed : while in all those of

the second they undergo a condensation. The condensation

demonstrates that the affinity of the gases for water is greater

than their elasticity; while the expansion indicates just the

contrary.

If the affinity be measured by the cube root of the relative

condensation, then it will follow that the affinity of muriatic

acid for water is 28 times greater than that of azote, and the

affinity of ammonia 32 times greater; that- the affinity of

muriatic acid is seven times greater than that of carbonic acid

;

and so on.

Abwrption III. With respect to the absorption of gases by other li-

oth« u*

bJ quids, we are not in possession of many experiments of a de-

quids. cisive nature. Dr. Priestley tried the absorption of various

gases by alcohol, ether, and different kinds of oils. Mr. Dal-

ton has likewise made some experiments on the subject, but

he has only announced the result of them in general terms.

M, Theodore de Saussure however has made some experi-
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ments on this subject which are possessed of considerable va- ct«P .

luc, and which show us that the absorption of gases by other

liquids follows different proportions from their absorption by

water. This is a further reason for considering chemical

affinity as the cause of that absorption. The following table

exhibits the volumes of different gases absorbed by 100 vo-

lumes of alcohol of the specific gravity 0*84, according to

the experiments of De Saussure.*

Sulphurous acid gas 11577

Sulphuretted hydrogen 606

Carbonic acid 186

Protoxide of azote 153

Olcfiantgas 127

Oxygen gas 16*25

Carbonic oxide 1 t
-5

Oxy-carburetted hydrogen 7'0

Hydrogen 5*1

Azote 4
-2

From this table it appears that alcohol absorbs above eight

times as much olefiant gas as water does. It would be curious

to know the effect of this absorption on the specific gravity

of the alcohol.

The following table exhibits the volumes of four different

gases absorbed by 100 volumes of the following liquids, ac-

cording to the experiments of Saussure : f

1. Native naphtha, of the specific gravity 0 784.

2. Oil of lavender, of the specific grav ity 0'88.

8. Olive oil.

4. A saturated solution of muriate of potash in water

c Solution of
Naphtha.

laraadtr
olive muriate of

potash.

Olefiant gas 261 209 122 10
Nitrous oxide ..254 275 150 21
Carbonic acid ..169 191 151 61
Carbonic oxide . 20 .... 156 142 5*2

The following table, from the experiments of the same
chemist, exhibits the volumes of carbonic acid gas absorbed

• Annals of Philosophy, vi. 340.

t Ibid. p. Ml.

F 2
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Book m. by 1 volume of a great number of liquids, differing very
much from each other in the proportion of their viscidity and
fluidity.*

Liquids.

Alcohol
Sulphuric ether ...

Oil of laveuder . .

.

Oil of thyme
Spirit of wine
Rectified naphtha .

Oil of turpentine .

Linseed oil

Olive oil

Water
Sal ammoniac ... .

Gum arabic

Sugar
Alum
Sulphate of potash.

Mnriate of potash..

Sulphate of soda. ..

Nitre
Nitrate of soda . .

Sulphuric acid

Tartaric acid

Common salt
,

Muriate of lime .

,

Sp. Gr.
of

Ditto.

Volumet
uf gas

absorbed

0-803

0-727

0-880

0-890
0-84

0-784
0-8&

0-94

0-915
1-000
1-078

•092

•J 04
•047

•077

•168

•105

139
1-206

84

2S5
1-212

1-402

2-6

2-17

1-91

1-83

1-87

1-69

1-66

1-56

1-51

1-06

0-75

0-75

0-72

0-7

0-62

0-61

0-58

0-57

0-45

045
0-41

0-329

0-261

100 Parts nf Ulr solution contain

27-53 crystals.

25 gum
25 sugar
9*14 crystals.

9*42 crystals.

26 crystals.

Saturated solution

Saturated solution

Saturated solution

Saturated solution

(1114 salt dried at a red heat. Saturated
( solution

20-6 crystals. Saturated solution
26-4 crystals. Saturated solution

53 37 crystals. Saturated solution

29 salt. Saturated solution

(40-2 salt dried at a red heat. Saturated

| solution

From the preceding table, it would appear that alcohol and

oils absorb a much greater proportion of gases than water.

Saussure is of opinion that the power which liquids possess of

absorbing gases diminishes as their specific gravity increases.

But the preceding table does not accord very well with that

opinion. For sulphuric ether, although specifically lighter

than alcohol, absorbs a smaller proportion of carbonic acid

gas. Nitric acid absorbs an enormous quantity of nitrous

gas, for which it has a strong affinity, and is gradually con-

verted into nitrous vapour, while the other acids act upon it

nearly as water does. The same gas is absorbed in consider-

able quantities by sulphate, nitrate, and muriate of iron; in

small quantities by sulphate of tin, sulphate of zinc, muri-

ate of zinc,+ and several of the salts of copper.

* Annals of rhilosniihy, vi. 342.

t Priestlrvon Air, i ,372 ;
Davy's Researches, p. 160.



COMBINATION OK GASES WITH SOLIDS. 69

SECT. V.

OF THE COMBINATION OF OASES WITH SOLIDS.

As gases and solids are in a state still more different from Cb»p- »•

each other than gases and liquids, their combinations must be v

attended with still greater difficulties. It will be opposed on

the one hand by the elasticity of the gases, and on the other

by the force of cohesion, which unites together the particles of

the solid; and no combination can take place unless the affi-

nity be sufficiently strong to overcome the one or the other of

these forces. The new compound will be cither gaseous, solid,

or liquid, according to the proportion of the constituents com-
bined, and the intimacy of their union. Let us examine, in

the first place, the combination of the simple gases with solids,

and afterwards turn our attention to the compound gases.

I. The simple gases are in number four ; namely, oxygen, Kimpk

chlorine, hydrogen, and azote.

1. The only simple bodies known are carbon, boron, silicon,

phosphorus, sulphur, and the metals. Now oxygen is capable

of combining with them all.

With carbon it unites only in two proportions, as far at least oi.TCro»uh

as we know at present, and forms the two compounds called
c*rbo°'

carbonic acid and carbonic oxide. We have seen in a former
part of this work that carbonic acid is a compound of 1 atom
carbon and 2 atoms oxygen ; and carbonic oxide of 1 atom
carbon and 1 atom oxygen ; and that if the weight of an atom
of oxygen be 1, an atom of carbon will weigh 0*75. Hence
we have

Carbonic oxide composed of. . 0"7.5 carbon + 1 oxygen
Carbonic acid 0*75 4- 2

Or, which is the same thing,

Carbonic oxide composed of 3 carbon 4- 4 oxygen
Carbonic acid 3 +8

Or,

Carbonic oxide composed of 100 carbon 4- 133 "3 oxygen
Carbonic acid 100 + 266'6

The specific gravity of a volume of carbon, supposing it in

the gaseous state, is 0-416. Carbonic oxide is composed of a
volume of carbon and half a volume of oxygen condensed into

1 volume. Carbonic acid of a volume of carbon and a vo-
lume of oxygen, condensed into 1 volume. Hence the spe-
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Book nr. cific gravity of carbonic oxide is 0*416 + 0*555 = 0*9722, and
v the specific gravity of carbonic acid 0*416 + 1*111 = 1*5277,

numbers which agree sufficiently with experiment.

It is remarkable that carbonic oxide cannot be formed di-

rectly by the union of oxygen and carbon or charcoal. It is

only obtained by the decomposition of a product of combus-
tion by means of a combustible. The products thus decom-
posed are carbonic acid by metallic oxides and hydrogen, and
water by charcoal,

oxysrenwith 2. Oxygen combines, as far as we know at present, with only

1 proportion of boron, constituting boracic acid. We have

concluded, from the phenomena stated in a preceding part of

this work, that boracic acid is a compound of 1 atom boron
and 2 atoms oxygen ; and that an atom of boron weighs 0*875.

Hence boracic acid is composed of

0*875 boron 4- 2 oxygen, or of

100 + 228*57

oxj?enwith 3. Oxygen is capable of uniting likewise with at least three
phoophorut.

pr0por^ons 0f phosphorus, forming the compounds called hy-

pophosphorous acid, phosphorous acid, and phosphoric acid.

They are all solid substances. In this respect they differ ex-

tremely from the combinations of oxygen and carbon, which

are chiefly gaseous. This is directly the reverse of what one

would have expected a priori; carbon is the least disposed to

assume the elastic form of all the solid bodies known : for no

degree of heat is capable of melting it, far less of volatilizing

it; whereas phosphorus may be converted into vapour with

comparative ease, since the heat of our fires is capable of boil-

ing it very readily. The difference seems to depend upon the

density of the atoms of phosphorus, and upon the compara-

tively small quantity of oxygen with which they unite. We
have found reason to conclude, from the phenomena stated in

a preceding part of this work, that an atom of phosphorus

weighs 1*5, and that the two last acids are composed respec-

tively of 1 atom of phosphorus united to 1 and 2 atoms of

oxygen. Hence they are composed as follows

:

Phosphorous acid of 1*5 phosphorus -f 1 oxygen

Phosphoric acid of 1*5 +2
Or, which is the same thing,

Phosphorous acid of 100 phosphorus + 66*6 oxygen

Phosphoric acid of 100 + l^&S
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The weight of a volume of phosphorus is 0*8328, supposing chip. u.

it in the gaseous state. But as the compounds of phosphorus
V

v

and oxygen are none of them gaseous, we cannot determine

the condensation which takes place. But it is obvious that in

the two acids, 1 volume of phosphorus is united with vo-

lume, and 1 volume, respectively of oxygen. Probably the

resulting compound in each case would be 1 volume, if it could

be exhibited in the gaseous state.

4. Oxygen unites likewise with three proportions of sulphur, o»jee„ with

forming three acids exactly analogous to the acids of phos-
,u,phur"

phorus
;
namely, hyposulphurous acid, sulphurous acid, and

sulphuric acid. The first of these has never been obtained in

a separate state ; but the other two are well known, and there

is reason for believing that both, when pure, are gaseous bo-

dies. We have already concluded, from the phenomena that

an atom of sulphur weighs 2, and that the three acids of sul-

phur are composed of 1 atom of sulphur combined respec-

tively with 1, 2, and 3, atoms of oxygen. Hence they are

composed as follows :

Hyposulphurous acid of 2 sulphur + 1 oxygen
Sulphurous acid of 2 +2
Sulphuric acid of g -f- 3

Or, which is the same thing,

Hyposulphurous acid of 100 sulphur + 50 oxygen
Sulphurous acid of 100 + 100
Sulphuric acid of 100 +150

The weight of a volume of sulphur, when in the state of
vapour, is 1*111, Sulphurous acid is composed of a volume
of sulphur and a volume of oxygen condensed into 1 volume;
sulphuric acid of 1 volume sulphur + 1^ volume oxygen con-
densed into 1 volume. Hence the specific gravity of sul-

phurous acid is 1-111 + 1*11 1=2-222
and the specific gravity of sulphuric acid M 1 1 + 1-666= 2*777
Numbers which correspond with experiment. Hyposulphu-
rous acid, from analogy, ought to be composed of 1 volume of
sulphur and half a volume of oxygen condensed into 1 vo-
lume. Hence its specific gravity, if it could be exhibited in

the gaseous form, would be I 666.

5. Oxygen has the property of uniting in various doses with o^enwiu,
all the metals

; but the compounds formed are always solids.
meUI*-

In these combinations, then, it is the solid body which retains
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Book in. its state, while the oxygen loses it. We must ascribe this to
V

v the very great cohesive force by which all the metallic particles

are united ; a force weakened no doubt by the combination of

oxygen, but not overcome. Some of the metallic oxides pos-

sess the properties of acids ; others of alkalies, while some are

intermediate between the two. But I can add nothing to the

account of these bodies already given in a preceding part of this

work. I refer to the tables in vol. i. p. 541, of this work.

6. We are still but imperfectly acquainted with the combi-

nations which chlorine forms with the different solid bodies.

With phosphorus it forms two componnds, one liquid, the other

solid; with sulphur it forms a liquid compound. Jt unites with

all the metals, and forms solid compounds, the greater num-
ber of which have been but imperfectly examined. With car-

bon it does not appear to be capable of uniting. Its action on

boron has not been tried,

iijdrogen 7. Though there exists a considerable affinity between hy-

io'iws!

'

mple
drogen and carbon, phosphorus and sulphur, they do not unite

when brought into contact, unless either the cohesion of the

solid bodies be removed, or the elastic fluid be exhibited in a

nascent state. This shows us that it is the force of cohesion

of the solids, and the elasticity of the gas, which prevents the

combination. Heat does not destroy the cohesion of carbon :

therefore it cannot be united to hydrogen by heat: but Gen-

gembre found that when sulphur and phosphorus were kept

melted in hydrogen gas, a combination took place. It is chiefly,

however, by the decomposition of water that these combina-

tions are accomplished.

All the known combinations of hydrogen with a simple com-

bustible are gases except one, namely, supersulphuretted hy-

drogen, which is liquid, but readily converted into vapour.

This is the consequence of the great elasticity of hydrogen gas.

None of the other elastic fluids are to be compared with it in

this respect. The atoms of which it is composed must be

smaller, and their distances from each other greater than in

any other gas. Hence it will oppose a greater resistance to

those affinities which would condense it into a solid or liquid

state, and will always be disposed to resume again its elasticity.

Hydrogen combines with two proportions of carbon, sul-

phur, and phosphorus. All these compounds are perfectly

analogous. They consist of 1 or 2 atoms of hydrogen com-

bined with 1 atom of carbon, phosphorus, and sulphur. The

weight of an atom of hydrogen is 0*125. and an atom of car-
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bon weighs 0'75; an atom of phosphorus 1*5, and an atom of chap, m.

sulphur 2. Hence the compounds of these substances are as

follows

:

Olefiani gas hydrogen 1 atom = CH25 + carbon 1 atom = 0*75

Carburetled hydrogen 2 = 0-250 + I = 0-75

IJvdroguret of phosphorus 1 = 0*125 + phosph. 1 = 1*5

Bihydroguret of phosphorus 2 = 0*25 + I =1-5

Sulphuretted hydrogen 1 = 0*125 + sulphur 1 = 2

Olefiant gas is composed of 2 volumes carbon and 2 volumes

hydrogen condensed into 1 volume. Carburetted hydrogen is

composed of 1 volume carbon and 2 volumes hydrogen con-

densed into 1 volume. The hydroguret of phosphorus is com-

posed of 1 volume phosphorus and 1 volume hydrogen con-

densed into 1 volume; bihydroguret of phosphorus of 1 vo-

lume phosphorus and 2 volumes hydrogen condensed into 1

volume. And, finally, sulphuretted hydrogen is a compound

of 1 volume sulphur and 1 volume hydrogen condensed into

1 volume. With these determinations, the specific gravities,

as ascertained by experiment, agree with precision.

We found reason to conclude, from the phenomena for-

merly stated, that alcohol is a compound of olefiant gas and

water, in the proportion of 1 volume olefiant gas and 1 vo-

lume of vapour of water. While ethers are composed of 2

volumes of olefiant gas combined with 1 volume of vapour, or

chlorine, or an acid, according to the particular ether formed.

It is during the decomposition of water by the compound
agency of an acid and a metal united to sulphur, that sulphur-

ettcd hydrogen a usually formed. In this case every thing a*"*

concurs to facilitate the combination. The hydrogen is nas-

cent, and the sulphur, just separated from the metal, is not

restrained from uniting with the hydrogen by the cohesion of
its particles ; but in some rare instances the sulphur appears
to have the property of decomposing water, and forming at

the same lime sulphuretted hvdrogen and sulphuric acid.

Carburetted hydrogen it, disengaged spontaneously from
stagnant water, and is obviously produced by the putrefaction

of vegetable matter. Mr. Dalton has very ingeniously ex-

plained its forimition. When the carbon is disengaged, two
particles of it decompose at once two atoms of water precisely

as in the former examples; one unites with all the hydrogen,
and the other with all the oxygen; so that both carbonic acid

and carburetted hydrogen are formed tojiethcr. Let die svm-
bols for oxygen, hvdrogen, and carbon, be as follows :
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Oxygen O
Hydrogen 0
Carbon •

In that case water and carburetted hydrogen will be repre-

sented thus

:

Water O-O
Carburetted hydrogen ©-#-©

And 2 atoms of carbon decomposing 2 atoms of water and

converting them into carburetted hydrogen and carbonic acid

may be represented thus :

O O ©-•-© Carburetted hydrogen

O O 0-#"0 Carbonic acid

•
The composition of the greater number of animal and ve-

getable bodies is too complicated for us to form a correct idea

of the way in which their atoms are united.

8. We are acquainted with only one gaseous compound of

azote with a solid. It combines with carbon and forms cya~

7iogen, which, from the experiments of Gay-Lussac, appears to

be a compound of 2 atoms of carbon and 1 atom of azote. It

consists of 1 volume azote and 2 volumes of carbon condensed

into 1 volume.

Action of II. Though the compound gases be more numerous than

p™^. the simple, we are acquainted with fewer combinations into

lids. which they enter with solids ; at least if we except the salts

which the acid gases form with the alkalies, earths, and metal-

lic oxides, and which ammonia forms with the solid acids.

In most cases, when solids act upon compound gases, the

result is a decomposition, and the elements of the gas combine

in a different manner. Thus, nitrous oxide, nitric acid, and

chloric acid, are decomposed by carbon, phosphorus, and sul-

phur, and by many of the metals. Nitrous gas is decomposed

by carbon and phosphorus when assisted by a sufficient heat.

Sulphurous acid is decomposed by some of the metals, and pro-

bably by carbon. Carbonic acid is decomposed in certain cir-

cumstances by phosphorus.

But very frequently solids have no action whatever upon

compound gases ; as is the case with most of the gaseous com-

pounds of carbon, and several others. I recollect at present

only four instances of the direct combination of a compound

gas with a solid base : these arc the following :
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It has been shown by the experiments of Cruikshanks, and cb»P . 11.

by those of Clement and Desormes, that when carbonic acid caTte^T^

is passed through red hot charcoal, it is converted into carbo- jff^j

nic oxide. But carbonic acid being a compound of 2 atoms

of oxygen with 1 atom of carbon, and carbonic oxide of 1 of

oxygen with 1 of carbon, it is obvious, that in this case an

atom of carbon must have combined with every atom of car-

bonic acid. The experiment is of difficult explanation. The
acid is a product of combustion, while the oxide is a combus-

tible. This would lead us to suppose that the superinduced

carbon alone is susceptible of combustion, were not the dimi-

nished specific gravity inexplicable upon any other supposition

than the union of a new dose of heat.

The second example is nearly similar. It was ascertained aumi
by Scheele, and afterwards by the experiments of Clouct and

other French chemists, that when ammoniacal gas is passed

through red hot charcoal, prussic acid is formed. But prussic

or hydrocyanic acid is a compound of 2 atoms carbon, 1 atom

azote, and ) atom hydrogen; while ammonia is a compound
of 1 atom azote and 3 atoms hydrogen. We must suppose

therefore that 3 atoms of carbon act upon each atom of am-
monia. One of these atoms unite with 2 of the atoms of hy-

drogen in the ammonia and constitute carburctted hydrogen,
and the other 2 atoms of carbon uniting to the remaining atom
of azote nnd atom of hydrogen in the ammonia constitute an
atom of hydrocyanic acid.

The third example consists in the combination of sulphur-
etted hydrogen and sulphur, and the formation of supcrsul-
phuretted hydrogen, when both arc disengaged together from
an alkali.

Sulphuretted hydrogen gas has the property of dissolving

phosphorus. This constitutes the fourth example.

CHAP. III.

of T.iyums.

It has been sufficiently ascertained that the state of most
bodies depends upon temperature; that solids may be con-
verted into liquids by heating them, and liquids into solids by
cooling them. This state of solidity or liquidity has a con-
siderable effect upon the combination of bodies with each other.
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At the medium temperature of the atmosphere some bodies

are always solid ; others always liquid. As it is usually in that

temperature that they are employed, they have received from

it their characteristic name; those bodies only being called li-

quids which are liquid under the medium temperature of the

air. We shall, in this chapter, after a few introductory re-

marks on the constitution of liquids, consider how far the state

of liquidity affects the union of these bodies with each other,

and with solids. The subject thus divides itself into three-

heads.

1. The constitution of liquids.

2. The combination of liquids with each other.

3. The combination of liquids with solids.

These are treated of in the three following sections.

SECT. I.

Definition.

Cause of

fluidity.

OF THE CONSTITUTION OF LIQUIDS.

Newton has defined a fluid to be a body whose parts yield

to any force impressed upon them, however small, and which

thus move easily among each other.* Objections have been

made to this definition, but no better has been substituted in

its place. Fluids have been divided into two classes
;
namely,

1. Those which are elastic, or diminish in bulk according to

the pressure, but recover it again when the pressure is re-

moved; and, 2. The non-elastic, or those which do not sen-

sibly diminish in bulk when pressed upon. The first class are

called airs or gases ; the second, liquids.

1. A liquid, then, is a fluid not sensibly elastic, the parts of

which yield to the smallest impression, and move upon each

other ; but we are not acquainted with any perfect liquid. The
particles of all of them oppose a sensible resistance to an im-

pressing force, or have a certain degree of viscidity.

Very little progress has been made in ascertaining the formal

cause of fluidity. Some have supposed that the atoms of li-

quids consist of very minute spheres finely polished. But this

hypothesis alone would not explain the mechanical properties

of liquids. Others have concluded that the difference between

solids and liquids depends upon the particles of the latter being

* Fluidam est corpus omncs cujus partes cedunt vi cuicunque illatse, et

cedendo facile moventur inter sc. Principia, Lib. ii. Sect. 5.
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constantly in motion, while those of the former are at rest. chap. nr.

But this hypothesis is equally inconsistent with the phenomena.
V ^"""^

It is very evident, from the facility with which the particles

of liquids move among each other, that they must meet with

little or no resistance from their own particles ; while the pro-

perty which they all have of collecting into drops, shows that

they all act upon and attract each other. Hence it follows,

that the particles of liquids must have such a figure that they

may move freely among each other without altering their mu-
tual action, or, which is the same thing, their relative distances

from each other. Mathematicians have demonstrated that this

property belongs to spheres. Hence it has been concluded,

that the particles of liquids are spherical : and that viscidity

is owing to the want of perfect sphericitv.

2. The most important mechanical properties of liquids de-

pend upon this mobility of their particles, in consequence of

which they propagate pressure in all directions. But the con-

sideration of these properties belongs to the sciences of hy-

drostatics and hydraulics.

3. The particles of liquids cohere together, as well as those Liqouu

of solids, and th. ra is a considerable difference between this
co*^**-

force in different liquids. Thus the cohesion of mercury is

much greater than that of water. The reason why this cohe-

sion does not prevent the particles of liquids from separating

like those of solids, is the mobility of those particles without
changing their relative tlistances. Hence they obey the ac-
tion of gravitation, sliding upon each other, so that the num-
ber of particles which support the cohesion is continually dimi-
nishing till it becomes too weak to resist the opposing' force.

As the cohesion of liquids does not prevent the motion of the
particles of which they arc composed, it offers no resistance to
their combination with other bodies; excepting in as far as that
combination may tend to alter the relative distances of the
particles of the liquid, or the form of these particles.

*. Though liquids are not sensibly compressed by the ap- awprc-
plication of an external force, or by their own weight, like*""'-

gases, it has been ascertained that they experience a certain
diminution of bulk, which may be made sensible by a proper
apparatus. Mr. Canton found, in a set of experiments which
he made on the subject, that when liquids were freed from the
pressure of the atmosphere, they underwent a certain expan-
sion, and were proportionally compressed when the pres-
sure of the atmosphere was doubled. The following table
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Book nr. exhibits the increase of bulk experienced by the several 11-
V

v ' quids tried by that philosopher when the pressure of the at-

mosphere is removed by placing them in the vacuum of an

air-pump, or the diminution of bulk when subjected to the

pi-essure of a double atmosphere.*

Mercury 0-000003

Sea water 0*000040

Rain water 0*000046

Oil of olives 0*000048

Spirit of wine 0*000066

It must.be owned, that these experiments are liable to some

objections ,* but, all things considered, it would be difficult to

explain them without supposing the compressibility of liquids,

especially as Zimmerman repeated some of the experiments in

a different way, and obtained a similar result.

5. The liquids taken individually are numerous ; but as

many of them constitute classes of bodies possessed of similar

properties, they may be taken collectively, and in that point

of view the number is not great. The following table ex-

hibits a list of almost the whole of them, arranged according

to their composition.

I. SIMPLE.

Lutoni- 1. Mercury.
quids.

II. COMPOUND.

a. Simple gases combined.

2. Water. 3. Nitric acid.

b. Gases with a solid base.

4. Sulphuric acid. 9. Petroleum.

5. Alcohol. 10. Supersulphuret of hydrogen.

6. Ethers. 1 1 . Bichloride of tin

.

7. Volatile oils. 12. Subbichloride of sulphur.

8. Fixed oils.

c. Solids combined.

13. Phosphuret of sulphur. 14. Sulphuret of carbon.

6. If we were to exclude mercury from the preceding list,

then all the known liquids would be compounds. The differ-

* Phil. Trans, vols. lii. and Jiv. Not having these volumes At hand, I

have quoted the table from Cavallo's Natural Philosophy, ii. 23.
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enccs among their specific gravities, also, would be very small eh»P . in.

when compared with that which exists among gases and solids. ' *

the following table exhibits a view of their specific gravities

respectively, at the temperature of 60°, that of water being

supposed 1-000:

Liquids. Specific gravity.

Water 1 '000 Thm iped-

Ethers 0-632 to 0*900

Petroleum 0*730 . . 0-878

Volatile oils 0-792 . .
1-094-

Alcohol 0-794 . .

Fixed oils 0'913 . . 0*968

Supersulphuretted hydrogen . .

Sulphuret of carbon 1-272

Nitric acid 1*583

Sulphuric acid 1*898

Phosphuret of sulphur

Bichloride of tin

Subbichloride of sulphur 16789

Mercury 13-568

7. This difference in the specific gravity of liquids must be

either owing to a dillerence in the density of the atoms of

which they are composed, or to a difference in the distance of

the atoms which constitute each liquid from one another.

Probably both causes contribute; but the last in the most

powerful manner.

8. It has been demonstrated, that the particles of liquids

owe their liquid form to their combination with heat; that

they are nil compounds of heat with a solid base. They differ

essentially from those of gases in wanting that elasticity which

is produced by the mutual repulsion existing between the

particles of gases. The particles of liquids, instead of repell-

ing, cohere together, and oppose a certain force to their

farther separation. This cohesive force bears a relation to the

density of liquids, and to the difficulty of converting them into

steam or vapour : and indeed seems to depend upon these two
things. We may conceive with Boscovich, that the atoms of

liquids are placed in the limit between attraction and repul-

sion. Their atoms cannot be forced nearer each other with-

out experiencing a repulsion from the increased action of the

combined heat; they cannot be separated farther without ex-
periencing an attraction from the diminished action of the

6
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Book nr. combined heat, compared with that of the attracting particles.
V

* The distances of the atoms are so regulated, that the attrac-

tion and repulsion by which they are at once actuated just

balance one another; while their form is such, that they can

move freely among each other without altering these distances.

It is this which seems to constitute the real cause of fluidity.

The greater number of liquids contain water as an ingre-

dient: it gives liquidity to a vast number of solid bodies, but

it has not been contended that the presence of water is essen-

tial to liquidity, as it has been respecting the gaseous state of

bodies.

SECT. II.

ON THE ACTION OF LIQUIDS ON EACH OTHER.

When liquid bodies are mixed together, they act in various

ways according to the nature of the substances employed.

1. Some dissolve each other in any proportion, as happens when

most of the gases are mixed ; 2. Some unite in certain deter-

minate proportions ; 3. Some do not act sensibly upon each

other at all, separating again, though mixed ever so carefully;

4. While some decompose each other. We shall, in this

section, take a view of these different modes of action.

Liquids 1. The following table exhibits a list of the liquids which

bemtadin may ^e m ixe(l together in any proportion, and which, when
any propor- once mixed, do not afterwards separate spontaneously.

Water with alcohol

nitric acid

sulphuric acid

Alcohol with ether

Sulphuric acid with nitric acid

Fixed oils with petroleum

volatile oils

fixed oils

Volatile oils with petroleum

volatile oils

2. WT
hen the liquids contained in the preceding list are

brought into contact, they gradually and slowly penetrate each

other, and each at length distributes itself equally through

the mixture; so that if any portion wliatever of the compound

be taken, it will contain equal proportions of both ingredients.
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The difference of specific gravity does not prevent this uniform

mixture, though it has considerable influence upon the time

which elapses before it is completed. If the densest liquid be

uppermost, the mixture is very rapid ; but if it be undermost,

the combination is exceedingly slow : weeks or even months

elapsing in many cases before it is completed. Agitation pro-

duces a sensibly equal mixture in a few minutes; though there

is reason to believe that it is not so intimate at first as it be-

comes afterwards. The partial opacity or muddiness which

takes place when water and alcohol, water and sulphuric acid,

are first mixed, is a proof of this. It is even said by some that

the density of a mixture of sulphuric acid and water increased

somewhat by keeping it for some days. But when the two

liquids are well agitated, I have not been able to perceive any

such increase, though my balance was sufficiently delicate to

have detected an increase not exceeding -^V^th part.

3 When the two liquids have been once thoroughly mixed form a bo-

, 111 inofieorou*

either by agitation or long contact, they present all the ap- compound,

pearances of a homogeneous compound, and do not afterwards

separate from each other. To this general law, however,

there are some exceptions; though I presume only apparent

ones. When common spirits are kept in tall vessels, it is well

known that the portion at the top of the vessel is often speci-

fically lighter than that at the bottom. If a glass bubble,

nearly of the specific gravity of such spirits be thrown into

the vessel, it always rests at a particular part. Hence the por-

tion of liquid above is lighter, while that below is heavier than

the bubble. It has not been correctly ascertained that this

difference in specific gravity takes place in spirits that have

been thoroughly agitated. I have not observed such a sepa-

ration when the alcohol is strong. If it always takes place in

weak alcohol, it indicates a disposition in that liquid to unite

with water only in certain proportions. Sulphuric acid is said

to have exhibited the same separation. I presume it must

have been the sulphuric acid of commerce, in which some

saline bodies are always dissolved, or rather suspended, and

these collect often in sensible quantities in the bottom of a tall

vessel filled with that acid. ,

4. The union of liquids with each other i& accompanied by union

the evolution of heat, and by a certain degree of condensation; j7»rKt
for the specific gravity is always greater than the mean. The » n 1 condtu-

heat evolved is very considerable when water is mixed with

sulphuric or nitric acid, and likewise when sulphuric and ni-

VOL. Ill, g
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Condensa-

tion of sul-

phuric acid

and water.

LIQUIDS.

trie acids are mixed together. It is very sensible when alco-

hol and water are mixed; but in the other cases it has not

been observed. The condensation seems to keep pace with

the evolution of the heat, though from the experiments hitherto

made, the two do not seem to be proportional to each other.

Both vary with the proportions of the liquids mixed; but the

condensation seems always greatest when the liquids are mixed
in equal quantities, whereas this is not always the case with

the heat evolved. Thus the mixture of sulphuric acid and

water becomes hottest when one part of the water is poured

into four parts of acid.

The following table exhibits the increase of density which

takes place when sulphuric acid of the specific gravity 2 -00 is

mixed with various proportions of water by weight, calculated

by Mr. Kirwan from his own experiments

:

Increase of
Suluh. acid. Water. ,r density.

5 95 0-0252

10 ...... 90 o-06~9

15 85 0-0679

20 80 0-0856

25 75 0-0999

30 70 0-1119

35 65 0-1213

40 60 0*1279

45 55 0-1319

50 50 0-1333

From this table we see, that when equal parts of sulphuric

acid and water are mixed, the density is increased by 13 per

cent. Mr. Kirwan likewise ascertained, that when equal parts

of water and nitric acid of the specific gravity 1*5543 are

mixed together, the increase of density is equal to TVtn of the

whole weight. From the experiments of Lowitz, we learn

that the specific gravity of a mixture of equal weights of water

and pure alcohol is -917. It ought to be only -886, being an

increase of density of more than -^th of the whole. The in-

crease of density is probably still greater when alcohol and

"ether are united together; but no exact set of experiments

has been made, either to ascertain the condensation in this

case, or when the oils are mixed with each other and with

the petroleum, or when nitric and sulphuric acids are mixed

together.
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5. Thus it appears that the union of these liquids with each cbap. Ul

other presents every thing which characterizes a chemical

combination. The density increases, heat is evolved, the 80,ve each

mixture becomes perfectly uniform in every part, the liquids

do not separate spontaneously, and the separation can only be

accomplished by means purely chemical. We must therefore

consider it as a case of chemical affinity. As the change of

the properties is much less remarkable when liquids unite

with each other than in many other compounds, as the com-

bination takes place but slowly, and as the constituents may in

general be separated again by a distilling heat, it is obvious

that the affinity which unites them is much feebler than in

manv other combinations. Hence Berthollet has given it the

name of dissolution; a term under which he has classed a va-

riety of feeble combinations.

II. The following table exhibits a list of the liquids that UqBldi

unite with each other onlv in certain proportions: which '"•*

•
i ,

r 1 til

Water with ether qu.ntitin

volatile oils
°tu0mt-

sulphuret of carbon

Alcohol with volatile oils

petroleum

supersulphn retted hydrogen

?

phosphuret of sulphur?

Ether with volatile oils

petroleum

Volatile oils with petroleum

1. The experiments hitherto made upon the solutions of
liquids by water, alcohol, ether, and volatile oils, are not suffi-

ciently numerous nor precise to enable us to state the exact
proportions taken up. We know, however, that they are
limited, and that every substance has a degree of solubility
peculiar to itself.

W ater, from the experiments of Laurnguais, dissolves -^th
of its bulk of sulphuric ether. There is reason to believe that
the proportion is not so great. The ether tried must have
contained alcohol

; as chemists, at the time Lauraguais' expe-
riments were made, were not in possession of a method of se- *
parating the two liquids. Now, whenever ether containing
alcohol is mixed with water, a very considerable proportion oT
the alcohol is taken up without injuring the solubilitv of the
ether.

Volatile oils are soluble in very minute quantities only by
c, 2
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Book nr. water. They communicate their odour to that liquid, but
' * scarcely any other of their properties.

2. Alcohol dissolves a considerable proportion of the vola-

tile oils; but the quantity of each is limited and peculiar.

The quantity of petroleum which it dissolves is small. I do
not know the effect of this liquid upon the two other sub-

stances contained in the table; they have been placed here

merely from analogy.

The action of ether on volatile oils and petroleum is con-

siderable.

3. The affinity of this second set of liquids for each other

seems to be weaker than that which exists between the liquids

which unite in all proportions, for the latter generally decom-

pose the former. Thus, if alcohol, holding a volatile oil in

solution, be poured into water, the greatest part of the oil

separates, while the alcohol unites with the water.

It seems to be the weakness of the affinity, together with

the difference between the cohesion of the particles of the

two liquids, which limits the combination to certain propor-

tions.

Liquids not
The liquids which do not sensibly combine in any

acting sen- proportion are not numerous. The following list comprehends

each other, the most remarkable of them

:

Water with petroleum

fixed oils

supersulphuretted hydrogen

Fixed oils with alcohol

ether

Mercury with water

alcohol

ether

volatile oils

petroleum

The action of liquids upon each other has been explained

by Berthollet in a very satisfactory manner. When the affi-

nity of two liquids is not sufficient to counterbalance the co-

hesion between the particles, or the difference in the specific

gravity of each, then they cannot combine. In these cases,

however, they sometimes exhibit a degree of affinity, though

not sufficiently strong to produce combination. Thus oil

spreads itself upon the surface of water, and adheres to it as

water does to a solid.*

* Statiquc Chimique, i, 41.

6
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TV. When a liquid Ins a marked affinity for one or more *3» m,
J,

of the constituents of a liquid in a separate state, but not for Liqu |d,

the liquid itself, it often happens, if the density of the liquid

be not very great, that it decomposes it, and forms new com-

pounds with its constituents. The following table contains a

list of the principal liquids which decompose each other.

Water by phosphuret of sulphur.

Nitric acid by all the liquids, except water and sulphuric

acid.

Sulphuric acid by all the liqnids, except water and ni-

tric acid.

Phosphuret of sulphur gradually decomposes water ; sul-

phuretted and phosphuretted hydrogen exhale, and no doubt

sulphuric and phosphoric acids are formed. The decomposi-

tion is greatly facilitated by a high temperature. This curi-

ous decomposition seems to be the effect of the action of a

particle of the phosphuret upon two atoms of water at once.

The decompositions produced by nitric and sulphuric acids

are very curious ; but they are all too complicated to admit of

a satisfactory explanation in the present state of the science.

V. When solid bodies are brought into a liquid state, Actioa of

either by heat or any other means, their action upon each
JjJJJ"

other is similar to that of common liquids. It is modified by

the degree of affinity: some such liquids uniting in all pro-

portions, as most of the metals, the solid oils, resins, &c.

;

some only in certain proportions, as tin and iron, Tead and
iron, and different salts ; some refusing to combine, as zinc

and cobalt, bismuth and cobalt ; and some decomposing each

other, as nitre and sulphur, nitre and phosphorus.

The proportion of the ingredients which enter into combi-

nation is in these cases affected not only by the affinity, but

by the tendency of the new compound, or any of its parts, to

assume the solid state.

SECT. III.

OF THE COMBINATION OF LIQUIDS WITH SOLIDS.

In treating of the combination of liquids with solids, we
may exclude three, on account of their circumscribed action,

and the want of correct experiments respecting them. These
are supersulphuretted hydrogen, phosphuret of sulphur, and bi-

chloride of tin. Upon these liquids I have no remarks to offer.
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Book in. There are two others which act with great energy upon many
v

v solids ; but as their mode of action is precisely similar to a

class of bodies which will come under our consideration in the

next Chapter, we shall defer the examination of them till we
come to treat particularly of the action of the acids. These
two are sulphuric and nitric acids. Seven liquids only remain,

namely,

Water Petroleum Mercury

Alcohol Volatile oils

Ether Fixed oils

Of these seven, the action of the first is by far the most gene-

ral, and has been most closely examined. We shall consider

the action of this liquid in the first place : A few observations

will suffice for the rest,

water. !• Water has an affinity for a very great number of bodies,

and its presence in general greatly facilitates the action of

substances on one another. Hence it is almost always indis-

pensable when artificial combinations or decompositions are

to be produced.

Unites with 1. Water, as has been already observed in a former part of

this Work, has the property of entering into two different

kinds of combinations with solid bodies. In the one species

the compound continues solid, in the other it becomes liquid.

In the first species the proportion of the solid ingredient is

greater than that of the liquid. Hence the cohesion of its

particles is not destroyed. In the second, the proportion of

the liquid exceeds the proportion of the solid : Hence it gives

its peculiar state to the compound.

1. Hydrate. To the first species of combination Proust has given the

name of hydrate. A hydrate is a compound of a solid body

and water, still retaining the solid state. The following solid

bodies are capable of entering into this combination with

water.

Table of i. Sulphur. The hydrate is a very pale sulphur yellow

powder, usually called lac sulphuris. Native sulphur is

often in this state.

2. Metallic oxides. The hydrates of these bodies are pow-

ders remarkable for the intensity of their colours. They

have usually a strong taste, and are easily acted upon by

acid or alkaline solutions.

3. The earths. These hydrates are powders, and in some

cases crvstals.

coliris in

two state*.

hydrates.
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4. The fixed alkalies. The hydrates of these bodies are what ch»p. m.

are usually termed the crystals of alkalies. v

5. All the acids which may be exhibited in a solid state

;

which is the case with the whole of that class of bodies

except 13. The hydrates of these bodies are what are

usually called the crystallized acids.

6. All the class of salts. Those excepted which contain no

water of crystallization. The hydrates of the salts are

the saline crystals, in those salts capable of assuming that

form ; and powders or solid masses, in those which are

not.

7. All the hydrosulphurets capable of assuming a solid form.

The hydrates of these bodies are the crystallized hydro-

sulphurets.

8. Many earthy combinations. Water exists as a constitu-

ent in many combinations of earths found native. But

the examination of these bodies has not hitherto been con-

ducted in such a manner as to warrant us to venture upon

a list of such native hydrates.

9. Soaps. All soaps contain water as a constituent. It is

not, then, quite correct to say that soap combines with

water and forms a hydrate. The soap is itself a hydrate;

but we have no name for soap free from water, if such a

compound be possible.

10. Tannin and many animal and vegetable solids.

In the first eight classes of hydrates contained in the pre-

ceding list, the quantity of water seems to In? determinate, or

nearly so; but this does not appear to be the case in the two
last classes.

The second species of combination into which water enters 9 . solution,

with solid bodies has been usually termed the R In turn of these
bodies in that liquid. The luxlies which it dissolves are not
so numerous as those with which it forms hydrates. They are
those which are contained in the preceding list, excepting sul-

phur, most of the metallic oxides, most of the earths, many
salts, and almost all the earthy combinations. In these com-
binations there is a minimum of water necessary to dissolve

the solid; but beyond this proportion the quantity of liquid

may be increased at pleasure.

2. The action of water upon solid bodies has been ex- - m
plained in a very luminous manner bv Berthollet.* This

°' ,h*»rt 'on
J " of water on

foHdi.

* Statique Chimique, i. 35.

s
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liquid has obviously an affinity for all those bodies with which

it is capable of combining. But affinity is mutual. We may
say with as much propriety, that the solid acts upon the li-

quid, as that the liquid acts upon the solid. Both act upon

each other reciprocally, and at the same time; but the force

exerted by each will be proportional to its mass. Now there

is this peculiarity in the action of liquids upon solids, that they

can only act at the point of contact, or at least near it. Hence,

as far as the mass is concerned, it is quite the same thing whe-

ther a solid be acted upon by a large quantity of liquid or a

small quantity; since the points of contact, and of course the

sphere of the liquid's activity, must in both cases be the same.

When a solid body, then, is plunged into a liquid for which

it has an affinity, whatever the quantity of liquid may be, the

action is always limited to a very small portion. Hence the

liquid is not capable at first of destroying the cohesion of the

solid ; which imbibes it, and combines with it, while new por-

tions of liquid come into contact, and begin to exert their ac-

tion. If the affinity between the solid and liquid be weak, the

combination proceeds only till the force of affinity is so far

weakened by the quantity of water united, that it is no longer

able to overcome the cohesion of the particles of the solid,

and then it necessarily stops. The compound continues solid.

With such solids water is capable only of forming a hydrate ;

it does not dissolve them.

If the affinity be strong, new doses of water continue to

combine with the atoms of the solid, and thus these atoms are

separated farther and farther from each other ; but as this dist-

ance increases, the force of cohesion continually diminishes,

while the liquid, by its increased mass, is enabled to act with

greater and greater energy. Hence the cohesion of the solid

is gradually destroyed ; the particles of it are separated to too

great a distance, and are dispersed equally through the liquid.

This is what is termed solution.

If we continue to add more of the solid after a portion has

been dissolved in this manner by the liquid, it will be dis-

solved in the same way. But by this new portion the particles

of the dissolved solid are brought nearer each other in the li-

quid ; their mass is increased in proportion to that of the li-

quid. Hence they exert a greater force upon it, and of course

the liquid is enabled to exert only a smaller force upon new

portions of the solid. If we continue to add new portions of

the solid, a time will come when the iction of the liquid will
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be so much weakened, that it will no longer be able to over- chap

come the cohesion of the solid ; it will then refuse to dissolve

any more of it. When a liquid has come to this state, it is

said to be saturated with the solid. Were we to suppose the

solution to go on, the particles of the solid in solution would

be brought so near one another, that their force of cohesion

would overbalance the affinity of the liquid for them
;
they

would, in part, cohere and form again a new portion of the

solid. The saturation of a fluid, then, does not mean that its

affinity for the solid is satisfied, but that it is not greater than

the tendency of the combined particles to cohere. Now, when

a liquid is saturated with a solid, if by any means we can ab-

stract part of that liquid, the cohesive force of the particles of

the solid must gain the superiority ; and the consequence will

be, that they will unite and form solid bodies anew, till their

number be so much diminished that their mutual attraction is

again counterbalanced by the affinity of the liquid. Hence

the reason that evaporation occasions the crystallization of

those bodies which are held in solution by liquids.

If the affinity between water and the solid be not sufficiently

great to enable it to overcome any part of the cohesion of the

particles of the solid, in that case none of it combines with that

body; it only moistens its surface. If the affinity is even

weaker than the cohesion between the particles of the liquid,

in that case the surface of the solid is not even wetted.—Such

is a sketch of Mr. Berthollel's explanation of the mutual ac-

tion of water and solids upon each other.

3. The combination of water with solid bodies is accompa- comw

nied by the usual phenomena of chemical combinations. The
density is considerably increased, while heat is usually evolved.

The hydrates seem to be the most intimate combination ; in

them the density is greatest, and the heat evolved during their

formation is considerable. The solution of the hydrates in

water is often accompanied by an expansion rather than con-

densation ; of course cold is produced, and the new compound
is much less intimate than the old.

Many experiments have been made to determine the den-

sity of the solutions of solids in water; but as the distinction

was not always observed between the pure solids and the hy-

drates, the results are not so satisfactory as they otherwise

would have been. The most valuable experiments by far on
this subject, which I have had an opportunity of seeing, are
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those by Dr. Watson/ and Mr. Hussenfratz.f Dr. Watson
first set the subject in a clear point of view, by explaining the

real nature of the solution, and the changes of density which

accompany it. His experiments show very clearly the differ-

ence between the hydrates and the pure solids in the density

produced by their solution in water. To Hassenfratz we owe

by far the most copious set of facts hitherto offered to the pub-

lic. His experiments were made upon pure substances in a

determinate state, so as to be susceptible of comparison. He
generally employed hydrates; but he has pointed out very

clearly the difference between hydrates and pure solids when

dissolved in water. The following are the most important

facts ascertained by these philosophers.

4. When solid bodies unite with water and form a hydrate,

the increase of density is sometimes very great ; in such cases

there is a vast quantity of heat evolved. Mr. Hassenfratz

united water in different proportions to lime, and ascertained

the specific gravity after each addition. The following table

exhibits the result of these curious experiments on three dif-

ferent specimens of lime varying in their specific gravity. The

weight of lime used was always 10000 :

Quantity

of water
added to

the Lime.

0
183

1620
v- 3 3.55

r <

i f J 18 '

lsl,<
\ 162<

r 0

629
2d.<j 1562

2500
1 5000

Spec. Grav.

of the Com-
pound.

Spec. Grav.

by Caleola-

tion.

Differ-

ence.

. 1-594-9 . . • • • •

. 1-6137 . . . . 1-5841 .

.

.. + 296

. 1-4877 .. . . 1-5123 . . 246

. 0-7852 . . . 1-4449 . . 6597

. 1-4558 ..

. 1-4819 . . . . 1-4292 . . .. + 527

. 1-4737 .. .. 1-3941 .. .. + 796

. 1-4000 . . . . 1-3648 . . .. + 354

. 0-8983 . . .. 1-3038 .. 4055

. 1-3715 ..

. 1-4506 .. .. 1*3602 .. .. + 904

. 1-4781 . . . . 1-3397 . . . . + 1318

. 0-9727 . . . . 1-3128 . . 3401

These experiments were made by weighin

first separately, and then in a phial which was filled with mer-
g the compound,

• Phil. Trans. 1770, and Chemical Essays, v. 43.

f Ann. de Chim. xxvii. 1 16 ; xxviii. 3, and 282 ; xxxi. 284.
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cury. The weight of mercury displaced gave the bulk of the

compound. The first numbers in each series give the specific

gravity of the lime employed. From these tables it appears

that the first additions of water actually increased the specific

arravitv of the lime, and of course the bulk must have dimi-

nished by combination. The third column gives the specific

gravity which would have resulted if the lime and water had

combined without any change of density whatever. The last

column gives us the excess of the real over the calculated spe-

cific gravity, or its diminution. Thus it appears that the hy-

drate of lime is specifically heavier than pure lime. The den-

sity diminishes as the proportion of water increases, till at last

the compound now reduced to the state of a fine powder, and

moist, becomes lighter than water.*

Alum furnishes another good example of the intensity of Hydrate of

that species of combination to which the name of hydrate has
**um '

been given. The hydrate of alum is nothing else than the

salt in the state of crystals. In that state its specific gravity,

as taken by Hassenfratz, is 1*7065; but when the salt is de-

prived of its water by calcination, its specific gravity is reduced

to 0-4229. Here the density is quadrupled by the combina-

tion of water. The following table exhibits the increase of

density which takes place when this salt is combined with water

up to the state of hydrate. The quantity of calcined alum
used was always 1000.

Proportion Spec. Crav. I)iitol>\ Cal-
of Water. of Compound. eolation.

Difference..

0 ()•!'_'_'!<

322 0-5531 0-6094 — 563
404- 1-H23 0-6558 + 4865
412 TT165 0-6606 + 1 0559

Here the first additions of water produced expansion ; but
when the proportion is increased, the condensation becomes
extremely great.

The crystals, or hydrate of nitre, are of the specific gravity
1*9639; but nitre deprived of its water, and in the state of a
dry powder, has the specific gravity 1 7269.f

• This diminution of the lime below the density of water, notwithstanding
Mr. Hasseufratz's explanation of it, on the principle of pulverization dimi-
nishing the specific gravity, appears not a little extraordinary. We know
that such a powder of lime, if thrown into water, immediately sinks to the
bottom of that liquid.

t Hassenfratz, Ann.deChim. xxxi. 287. The fact is that the water in
nitre is only mechanicallv mixed.
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When solid bodies arc dissolved in water, the bulk of the

liquid is increased. The density of the solution appears to be
always greater than the mean when the pure solids arc em-
ployed ; but when it is the hydrates which are dissolved, the

specific gravity is more frequently less than the mean. This

will appear very clearly from the following table, exhibiting

the result of the experiments of Hassenfratz on the solution

of various salts in water. They were all used in the state of

hydrates, or crystallized, except a small number which could

not be conveniently used in that state. The first column con-

tains the names of the salts; the second their specific gravity ;

the third, the specific gravity of water saturated with each of

them at the temperature of 55°; the fourth, the weight of salt

contained in 1000 parts, by weight of the saturated solution ;

the fifth gives the density of the salts, supposing the specific

gravity of the saturated solution exactly the mean. When the

density of the salts thus found is less than the real, it indicates

a condensation ; when greater, it indicates an expansion.

Salts.

Sulphate of soda

potash

alumina
magnesia
iron

zinc

copper

Muriate of soda
potash

ammonia
lime

magnesia
barytes

zinc

copper
soda

potash

lime

barytes

zinc

copper
soda

lime

Nitrate of

Acetate of

Specific

gravity.

1*4457

2*4073

1-7109

1-6603

1-8399
1-912
2-1943
2-2001

1-9357

1-5442

1-7603
1-601
2-8257
1-577

1-719
2-0964
1-9369

1-6207
2-9149
2-096

2-174

2-109

1-005

Sp. gravity

of satu-

rated solu-

tion.

1-060

1-055

1-026

1-294

1-219

1-373

1-189

i'210

1-145

1-070

1-351

1-272

1-265

1-607

1-271

1-231

1-157

1-143

1-047

1-489

1-530

1-J89

1-09S

Salt in

1000 parts

of the solu-

tion.

Sp. gravity

of the salts

by calcula-

tion.

161

64

55
533
335
555
250
301

305
244
538
648
283

785
389
340
249
33S
66
572
566
517
178

1-373

1 -859

1-473

1-551

1-654

1-672

1-720

1-697

1-475

1-287

1-652

1-419

1-937

1-773

1-699

1-679

1-62S
1-423

1-712

1-855

1-937

1-365

1-550

Differ-

ences.

72
548
237
109

185
240
474
503
461

257
108

182

9S8

+ 196
20

417
308
197
202
241

237
744

+ 545
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Table continued.

Specific

Sp. prat it >

of satu-

rated SO 1u *

tioo.

Salt in jsp. gravitj

1000 parts of the salt;

of the sola- bj calcula-

tioo. tion.

Differ-

cnct*s.

Acetate of magnesia 1*378 1-252 500 1*504 + 126

alumina 1-245 1-107 106 1-009 + 764
iron 1-368 1-134 322 1-416 + 548
lead 2'S45 1-198 244 1-811 134

Tartrate of soda 1-743 1-196 333 1-588 155

]
lUUlsIl X OOIJ 1 617 1-705 4- .tO

I rlf

Phosphate of soda 1-333 1-030 80 1-381 + 48

Borax 1-723 1-013 34 1-382 341

Soda of commerce 1-545 1-158 317 1-498 47
American potash 1-927 1-301 428 1-703 226

In those only marked +, in the last column, does the cal-

culated specific gravity exceed the real; in all the others it

falls short of it.

6. As a knowledge of the quantity of salt contained in sa- TaWeof

line solutions is of considerable importance, both to chemists I^^*
0*

and manufacturers, I shall insert here the following table of

Hassenfratz, which exhibits the specific gravity of saline solu-

tions, differently impregnated at the temperature of 55°. The
first column gives the quantity of salt contained in 100 parts,

by weight of the solution : the others, the specific gravitv of

each solution so impregnated. The column belonging to each

salt terminates when water is saturated with it at the tempera-

ture of 55°. The salts were in general crystallized. The fun-

damental experiments from which the table was calculated ap-

pear to have been made with precision ; the results in general

agree very nearly with those obtained by Dr. Watson. For a

minute account of the method employed in constructing this

table, the reader is referred to Mr. Hassenfratz's Dissertation

on the subject.*

* Ann. de China, xxvii. 118; and ixviii. 28'2.
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Table of Saline Solutions.

Weight
fit S.itl in

100 Parts
of the So-

lution..

Sulphate
ot Soda.

Sulphate
of Potalh.

Alum.
|
Weight

of Salt in
100 Part*
of the So

|
luuoll.

Sulphate

Maguesta.

Sulphate
of Iron.

Sulphate
of Zinc.

Sulphate
of

Copper.

1 1-0039 1-0086 l-0047
(

1

1 2 1-0096 1-0096 1-0080 1-0141

2 1-0078 1-0171 1-0094 4 1-0192 1-0203 1-0165 1-0280

3 1-0116 1-0257 1-0142 1 6 1-0286 1-0314 1-0255 1-0413

4 1-0154 1-0343 10189 8 1-0379 1-0436 1-0345 1 0539

5 1-0192
(

1-0429 1-0236 10 1-0470 1-0560 1-0440 1-0660

6 1-0230 1-0515 12 1-0555 1-0696 10540 1-0795

7 1-0268 14 1-0646 1-0829 1-0665 1 0938
3 1-0306 ifi 1-0711 1-0961 1-0790 1-1083

q 1-0344 1 R 1 0771 1-1095 1-0915 1-1230

10 1-0381 90 1-0860 1-1220 1-1040 1-1380

11m. L 1-0418 oa 1-0976 1-1358 1-1165 11513
1 9 1-0455 94, 1-1092 1-1498 1-1290 1-1747

1 1 1-0492 2fizo 1-1178 1 1638 1-1420

14. 1-0528 28 1-1324' 1-1781 11550
1 \AJ 1-0564 ifluu 1-1440, 1-1920 1-1680

16 1 0598 — 32 1-1557, 1-2031 1-1820

1-1675 1-1960

36 1-1789 1-2100

38 1-1905 — 1-2240

40 1-2122! — 1-2380

42 1-2262; — 1-2525

44 1-2302! — 1-2680

46 1-2432 1-2855

48 1-2562! — 1-3045; —
!

50 1-2683 1-3310

! 52 1-2833 — 1-3485

54 1-^973 1-3565 —
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Table of Saline Solutions, continued.

Weight of

Salt in 100 Muriate Muriate Chlorate Muriate Muriate

Part* of of of of or of

the Solu- Soda. Potatb. Potash. Ammonia. Bar} tel.

tion.

1 1*0064 1 •0047 1-0055 1-0029 1 •0073
0B 1-0128 1 0095 1-0105 1 -0059 1 •0146

3 1-0192 1 0143 1-0150 1 -0089 1 •0217

4 1*0256 1 0192 1-0193 1-0118 1 •0289

5 1-0320 1 0240 1-0220 1-0149 1 0360
6 1-0384 1 •0288 1-0301 1-0179 1 0430
7 1-04-48 I 0338 1-0376 1-0209 1 0503
8 1-0502 1 0388 1-0462 1-0239 1 •0575

9 1 0576 1
i UT 1-0567 1 -0269 1 v/u r t

10 1 -0640 1 0490 — 1-0300 1 0720
12 1-0775 1 •0612 — 1-0358 1 •0919

14 10910 1 •0701 1-0416 1 •1014

16 1-101-5 1 •0801 1 -0474 1 •1309

18 1-1182 1 •0901 1-0532 1 •1504

20 1-1320 1 •1000 1-0590 1 •1700
22 1-1462 1 •1090 1 -0642 1 •1901

24 1-1608 1 •1 178 1 -0693 1 •2227
26 1-1760 1 •1264 1 •2363
28 1-1920 •1344 1 •2600
30 1-2100 < •1420



LIQUIDS.

Table of Saline Solutions, continued.

Weight of

salt la

100 parts

of the

solution.

Muriate

of

magnesia.

Muriate

of

lime.

Muriate

of

zinc.

Muriate

of

copper.

2 1-0068 1-0125 1-0114 1*0100

4 1-0136 1-0212 1-0228 1-0206

6 1-0204 1-0319 1-0342 1-0311

8 1-0274 1-0429 1-0458 1-0425

10 1-0340 1-0540 1-0573 1*0540

12 1-0408 1-0650 1-0687 1-0653

14 1-04-76 1-0759 1-0802 1*0767

16 1-0544 1-0870 1-0966 1*0881

18 1-0612 1-0979 1-1033 1*0995

20 1-0681 1-1000 1-1150 1-1110

22 1-0751 1 1-1212 1-1267 1-1239

24 1-0823 1-1323 1-1382 1-1369

26 1-0895 1;1445 1-1498 1-1499

28 1-0967 l
rf547 1-1614 1-1629

30 1-1040 1-1670 1-1730 1-1760

32 1-1114 1-1803 1-1864 1-1904

34 1-1190 1-1935 1-1967 1-2080

36 1-1266 1-2067 1-2106 1-2273

38 1-1343 1-2198 1-2228 1-2466

40 1-1420 1-2330 1-2360

42 1-1507 1-2478 1-2497

44 1-1597 1-2528 1-2639

46 1-1686 1-2789 1-2783 -

48 1-1777 1-2949 1-2927

50 1-1870 1-3120 1-3070

52 1-1963 1-3310 1-3244

54 1-2068 1-3402

56 1-2164 —

—

1-3567 .

58 1-2261 1-3733

60 1-2380 1-3900

62 1-2507 1-4071

64 1-2646 1-4253

66 1-4457 _

68 — 1-4675

*7f> 1*4900

72 1-5164

74 1-5427

76 1-5700

78 1-5987
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Table of Saline Solutions, continued.

WMgM of

•alt in

100 parts

oftfcg

'nlution.

Nitrate

of

potash.

Nitrate

of

soda.

Nitrate

of

barjtes.

Nitrate

of

lime

Nitrate

of

zinc-

Nitrate

af

copper.

1 I 0063 1*0059 1 0062 1 005s 1 0001 1 00o9
«f I

Jj 1 012o ro 1 1

9

"1 • /"*» 1

1 "0123 1010+ 1 •./"» 1 t*71 r**

1 0125 10119
3 I 01 8b 1*0180 1 ./\ "If)'"**1*0185 1*0156 1 »AV 1 ft *—»

1 0189 1*0192

4 1 0244 1*0240 1 0250 1 U20o 1 02oo 1*0252

5 1 0302 1 *0300 1 0320 1 0J60 1 0320 1 0320
o 1 • /"*» O f* o

1 0353 1 »Af» I"*

1 *0"59 1 0409 1 0J10 1 038 <
1 iAOAA
1 0390

7 I 0108 10419 1 0)01 1 *0442 1*0457
oO I 0408 1 *04S0 1 041

1

1 *0509 1*0526

y 1 05 10 1 0481 1 a f» — *— 1

1 Oo <4 1 *0592
i (j I 0j95 1 *0600 1 0510 1*0040 1 *0655
1 o

1 07"- 1*0 < 19 1 0001 1 *0786 1*0778
1 1 1 »f\ o ***r\

1 OooO 1 0S40 1 0090 1 0926 *l ./"V/*\ 1 •***»

1 *0918

1 o i uyoi 1 0900 1 0 1 / , 1*1003 1.1 /"*/"* /*\

1 1060
1 Q

1 1 1 il) 1 1081 1 *0804 1*1 183
i.i t
1*1 201

OA 1 • 1 oo 1
1 129.9 1 1 202 1 09o0 1*1340 1*1350

(;qn 1*1589 1 '1 336 1*10*4 1*1508 1*1521
©.A— r I l .(-I* 1*1483 1 1 1 to1*1112 1 .1 —

i1*1/16
— O 1 IbJo i.i i o c 1 1 O 4 A

I 1 844 1 1915
^ o 1 «1 "7*70

1 *i ill) 1 I 437 1 20 1

2

1 .|f> 1 1 *T12117
*30

I !!'_(' 1 > 1 QOn
1 I 1

- '

1

1 .0 1 OA
1 iSzD

I -VK/if 1 '1 OQ 'J
I 1 JO,) 1 z348 1 25 1

3

34 l «o sir
1 Jo 1 5 1 2 / 12

""'0

1*2083 1 *29 1

2

38
1 2851 1 -f» 1 1 o1*91 13

40
1 J020 1 3320

42
1 3203 1 3o33

44.
1 *3395 1*3749

4G — — 1*3601 1*3978
• 48 1*3810 1 *4206
50

1 *4050 1*4440
52 1*4271 1*4686
54 1*4494 1*4944
56 1*4727 1 *5205
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Table of Saline Solutions, continued.

Weight of

salt in

100 parts

of the

solution.

Acetate

of

Lime.

Acetate

of

Alumina.

A c( t ;ite

of

Lead.

Acetate

of

Soda.

Acetate

of

Magnesia.

Acetate

of

Iron.

1 1-0049 1-0090 1 '0070 1 0028 1 0041 1'0035

2 1-0098 1-0190 1 '0140 1 0058 1 0082 1-0075

3 1-0147 1-0280 1 •0211 1 0087 1 0124 1-0112

4 1-0197 1-0380 1 '0283 1 0117 1 0166 1-0150

5 1-0247 1-0470 1 "0366 1 0146 1 0208 1-0188

6 1-0297 1-0570 1 0430 1 0176 1 0250 1-0225

7 1-0348 1-0670 1 "0505 1 0206 1 0293 1-0264

8 1-0400 1-0780 1 •0580 1 0237 1 0337 1-0302

9 1-0453 1-0880 1 •0655 1 0267 1 0380 1-0341

10 1-0507 1-0990 1 •0731 1 '0299 1 '0424 1-0380

12 1-0615 — I •0891 1 '0361 1 0512 1-0458

14- 1-0735 — 1 •1055 1 •0424 1 '0603 1-0537

16 0-0860 — 1 •1221 1 0488 1 0696 1-0616

18 — — 1 1330 1 •0553 1 '0790 1-0697

20 — — 1 •1560 1 •0619 1 'Ubo5 1-0780

22 — — 1 '1740 1 •0685 1 1-0863

24 — —

'

1 •1928 1 •0751 1
,1 AO/?•1086 1-0948

26 — — 1 •081 / 1 1 loO 1-1045

28 — — 1 •0883 1
1 OCl A•1Z94 1-1140

30 — — — 1 •0955 1 •1400 1-1224

32 — — 1
• 1 (\ 1 Q1UIO ii 1 OK) 1

1-1323

34- — — 1 •1090 1 •1614 —
36 — — 1 •1165 1 •1723 —
38 1 •1242 1 1834

40 1 •1320 1 1946 —
42 1 •1399 1 •2058

44 1 •1432 1 •2172

46 1 •1567 1 •2287

48 1 •1656 1 •2403

50 1 •1755 1 •2520
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Table of Saline Solutions, continued.

Weight of

rait in

10(1 parts

of the

solution.

P

Tartrate

of

Soda.

Tartrate

of

Potash.

riiopnaic
of

Soda.

Borax.

Sous
of

commerce.

American

Potash.

1
I 1 -0094 1 •OO'iO 1 -0040 1 "0040 1 '0049

O
p 1 -00791 \J\J / - 1 -0 1 09 1 *008

1

1*0084 1 *00Kfi 1 -01 0"
q 1 -0 1 OR1 w 1 Uo 1 "01 US1 w 1 *J *J 1*0120 1 -01 '-'9 1 *0 ] '50 X V7 X «J VJ

4 i -n 1 48 1 *09i 9 1 -0 1 66 1 *0 1 7 i ro9i9X ' ' — 1 —

eo I •()] QO 1 -0200 1 -O'^OX _ — ' ' 1 -O^ROX V/*-V^»'

1 -0291 1 'OS 1 1 1-0237 1 -0°64 1 *0897

7 1 -0272 1 '0969 1 -0^70 1 'OS 10
flo 1 -09i 8 1 "04 1 7X UT I /

1*0300 1 "OSifiX \J%J%J \J 1 *044"i

q 1 •09'i'' 1 "0470 1 *O409 1 -o^os

in 1 -09Q71 \J >Ju t 1 V7 <J _ ,J 1 -04 'i

8

1 "O'ifi^

191 Lt
1 -048 1 1 "flX LX1 Vy.J r 1 'Oi^R-i1 V'UOT

1 4. 1 "0744i V7 / r r 1 -OfM 0i v/w ru X WOV/ |

1 1 -OR Z
**

1 'OR "*fii uojo 1 Vy i/U

1 8lb 1 •074'". z 1 *M8991 UOO J 1 1 WJJ
2n 1 -0887 1 • 1 080 1 *AQJffi1 UJJU 1 * 1 1 7Qi 1 1 ( j
99 1 • 1 099 l 'l i or;1 11 JO 1 •10911 1 V/Jl 1 • 1 8071 1 JU |

94— r 1 *1 1 Mill jj 1 • 1 9 1 7i iji /
1 ' 1 1 9 5111 JJ 1 •! 4981 1 T\JO

1 -1 9891 i «o^> 1 -1 4471 1 TT /
1 • * 94 1 i 1*1 1711 1 O { 1

28 1 1 TJU 1 •! *"fiQ 1 «1 8401 1 i}Tj \ ' I 7°41 ! i - i

SO 1 1 "JV./V 1 '1 700lit \i\f 1 1 rOW 1
• 1 8401 1 o t\J

92 1 *1 80 1 1 '1898 1 *1 08<)

94 1 "1 <)7R1 1 u t o 1 »9 1 491 | 1 r *4

9fi 1 m! lO 1 iJUT
98JO l •99SQ 1 " '

t~8
I — r 1 O

40 1 t\J\r 1 «oou
42 1 *9:,47

44 1 -OJO
4fi 1 -OUl
48 — 1-3015 —
50 1-3180
52 1-3351

54 1-3527

56 1-3507
58 1-3902
60 1-4120

H 2
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Book nr. This tabic is so simple as scarcely to require any explana-

tion. Suppose we have a solution of nitrate of zinc, of the

specific gravity 1 •4-050, at the temperature of 55°
;
by inspect-

ing the table, we see immediately that such a solution contains

half its weight of crystallized nitrate of zinc.

When the specific gravity of our solution is not to be found,

exactly in the preceding table, we may obtain. the quantity of

salt which it contains pretty nearly by the following method :

-suppose we have a solution of American potash of the specific

gravity 1*1900, at the temperature 55°. By inspecting the

table, we find that the quantity of salt which our solution con-

tains lies between 30 and 32 per cent. Now the specific gra-

vity of a solution containing 30 per cent, is 1*184-0, and that

of one containing 32 per cent, is 1*1989. If we can find a

number such that it will have the same ratio to 30 and 32, as

1-1900 has to l'184-O, and 1*1989, that number will give us very

nearly the quantity of salt per cent, which our solution con-

tains. The following operation gives us a number x, which,

when added to 30, makes the number required

:

32 — 30 : 1*1989 — 1 '18 1-0 : : x : 1900 — 184-0

;

Or, which is the same thing,

i 2 x 60
2 : 149 : : x : GO, and x = ——- = 0*81.

' 149

The number required of course is 30'S1.

Suppose we have a saturated saline solution of any salt,

and that we wish to reduce it by the addition of water till it

contains only a given quantity of salt, per cent, the quantity

of water to be added may be found by the following opera-

tion. Let D be the weight of a saturated solution which

we wish to dilute, S the quantity of salt which it contains,

x the quantity of water to be added, S' the quantity of salt

contained in 100 parts of the new mixture; then we have
D + x D u Sn-S'D c . .—— = -r^: Hence x = rj . suppose the solution

which we have to be nitre and D = 100. From the table we
see that a saturated solution of nitre contains 24*88 per cent,

of salt; therefore S = 24*88. Let it be required to reduce it

so that it shall contain only 10 per cent, of salt. Here S'= 10.

... , , „ 21S8-1000 r, ,We have therefore x as — = 14S*8. So that to 100

parts of the saturated solution if we add 14-8'S parts of water
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by weight, we shall form a new solution, containing only 10

per cent, of salt.*

7. The quantity of salt soluble in water in most cases in- ijfccttf

creases with the temperature. Hence both the proportions tnre .

and the specific gravity must vary with every temperature.

The preceding table applies only to the temperature of 55°.

Hitherto no exact set of experiments has been made to enable

us to ascertain what allowance is to be made for changes of

temperature. Hasscnfratz has promised to publish a treatise

on the subject, but hitherto he has not fulfilled that promise.

8. Water has the property of dissolving more than one Action of
1 1 J °

j water on

solid body at a time ; we may present to a saturated aqueous differei,t

solution of one substance another substance soluble in water, •"•'•j*'1

oncci

In that case, the result varies exceedingly according to the

substances used ; but the different cases may be reduced to*

three: 1. Sometimes none of the solid is dissolved: thus, a

saturated solution of muriate of lime is incapable, at the

temperature of 60°, of dissolving any common salt. In that

case the temperature of the liquid suffers no change. 2. Some-
times the saturated solution dissolves the whole or a part of
the new solid, without losing any part of the solid with which
it is already combined. Thus a saturated solution of nitrate

of potash, in the temperature of 51°, dissolves a considerable
quantity of common salt, and thus has its density greatly in-

creased. In that case the temperature of the solution always
sinks when the new solid is in the state of a hydrate. 3. Some-
times the saturated solution dissolves the new solid, but at the
same time lets go a portion or the whole of the substance with
which it was formerly combined. Thus when a saturated
solution of sal ammoniac, in the temperature of 61°, is mixed
with a sufficient quantity of common salt, this last substance
is dissolved, but at the same time the whole of the muriate of
ammonia precipitates. In this case the temperature of the
solution often rises.

We are indebted to Mr. Vauquelin for the most curious Aetion of

set of experiments on this subject which has hitherto an-
i Till i

v" mmam
pearetl. 1 shall present the result of them under the form of '"'i0"-

a table. They were made by mixing muriate of soda in powder
with saturated solutions of various salts. The portion of liquid
used in each experiment was 2304 grains (4 oz. French,) and

common nil

od taline »©

* Ilassenfratz, Ann. de Chim. xxvii. 132.
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Booicm. the quantity of common salt mixed with it was always 57G^ ' grains, or ^th of the weight of the liquid. The first column
of the following table gives the temperature of the saline so-

lution employed ; the second, the name of the solution; the

third, its specific gravity, wherever that has been noted by

Mr. Vauquelin ; the fourth column gives the weight of com-
mon salt in grains, taken up by the solution ; the fifth, the

quantity of the salt previously in solution, which precipitated

when the common salt dissolved ; the sixth column gives the

temperature of the liquid immediately after the solution of the

common salt ; and the seventh the amount of the change of

temperature.*

Tempera-
ture before

mixture.

Saline solution

used.

Specific

gravity of

ditto.

Pnrtinn fif

salt dis-

solved.

Portion of

calf nrnri-

pitated

from the

solution.

New tem-

perature

produced.

Change
of

temperature.

47° Pure water 1-00 542 0 43-25 — 3-75

51
Nitrate of

lime
0 0 51 0

61-25
1X1 III Idle OI

lime
0 0 61-25 0

51-1
Nitrate of

potash
1-114 540 0 51-1 0

47-75 Alum 1-048 556 0 45-25 —2-5

49
Nitrate of

barytes
533 0 45-5 -3-5

47
Sulphate of

lime
1-006

Almost
all

0 43-25 -3-75

47*75
Sulphate of

potash

Almost
all

44
46-75

48-75

— 1

+ 1

52-25
Nitrate of

magnesia
1-307

Almost
all

A little 55 + 2-75

* See Vauquelin, Ann. do Chim. xiii. 86.
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Tempera-
ture before

mixture.

Saline solution

used.

Specific

gravity of

ditto.

Portion of

Halt dis-

solved.

taction of

salt preci-

pitated

from the

i

solution.

New tem-

perature

produced.

Change
of

temperature.

47°
Sulphate of

soda

Almost
all

186 52-25 + 5-75

61-25
Muriate of

barytes

Almost
all

Many
crystals

6< + 5*75

47-75
Sulphate of

magnesia
536 396 54-5 + 6-25

61-25
Muriate of

ammonia
Almost

all

The
whole

70-25 + 9'00

51-1
Nitrate of

soda

The
whole

648 61-25 + 10-15

61*55
Muriate of

potash

Greater

part

A great

ileal
72-5 + 11-25

47-75
Sulphate of

ammonia
1-240

The
whole

720 65-75 + 18-25*

cbap. nr.

From this table it appears that a saturated solution of ni-

trate of lime dissolves no common salt ; that a saturated solu-

tion of nitrate of potash dissolves more common salt than the

same weight of pure water; and that a saturated solution of
nitrate of soda likewise dissolves i/n>n common salt than pure

water, but at the same time allows the greatest part of the

nitrate of soda to precipitate.

These curious phenomena obviously depend upon the mu-
tual action which certain salts exert upon each other, which
by diminishing the cohesion of each, enables the water to act

upon them with more energy ; and upon their relative affinity

for water. This affinity we know varies with the temperature,
and every salt follows a particular law of its own. Hence it

happens, that the phenomena above described succeed only at

the temperature in which the experiments were made. In
high temperatures, the affinity of muriate of soda for water ia

much feebler than that of most of the salts. At a boiling

• The residue not precipitated formed with the muriate of soda a triple
salt.
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Book nr. heat, therefore, it is separated by those very salts which it
V~"v— throws down at a low temperature.

The heat evolved, even when the quantity of salt precipi-

tated was much less than of the common salt dissolved, shows

us that muriate of soda absorbs but little heat during its solu-

tion in water. A circumstance probably connected with the

small quantity of water of crystallization which it contains.

9. When a portion of the water holding a solid body in

solution is removed by evaporation, the particles of the solid

being brought nearer each other, their tendency to cohesion

increases, and more than counterbalances their affinity for the

liquid. Hence a portion separates and assumes the solid form.

If different bodies be in solution at once, that substance sepa-

rates first which has the greatest tendency to cohesion. But
in general, the different substances dissolved act upon each

other to a certain extent, and prevent or retard their return-

ing to the solid form. Hence the mother liquor, as it is called,

which almost always remains when compound saline liquors

are evaporated.

By evaporation, a saturated solution of a solid may be con-

centrated to a considerable degree, without depositing any of

^ the dissolved solid; because the cohesion being now destroyed,

cannot resist the action of the water on account of the equili-

brium of the particles, unless some cause intervene to destroy

that equilibrium. Thus if a crystal of the substance dis-

solved be introduced into the solution, immediately the par-

ticles in solution begin to deposite themselves.*

Action of II. The action of alcohol upon solids is more limited than

«oiids!

1Cn
that of water. There are, however, a considerable number
of bodies on which it acts. We are not acquainted with any

solid combinations into which alcohol enters similar to the hy-

drates. The following is a list of the solid substances which

it is capable of dissolving :

3. Sulphur.

2. Phosphorus, and several compounds into which it enters.

3. Fixed alkalies.

4. Some of the alkaline earths in minute proportions.

5. Most of the solid acids.

6. Many salts.

7. Alkaline sulphurets.

* Berthollet has explained this subject at great length, and with his usual

sagacity. See Statiquc Chimique, i. 34 and 85.
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8. Alkaline soaps.

<j. Many vegetable substances.

Water am! alcohol together appear to act upon several solid

Ixxiies with more energy than either of them separately.

III. '1 he action of ether seems still more circumscribed than

that of alcohol; but the ex|>erimenls hitherto made upon the

action of ether, petroleum, volatile oils, and fixed oils, upon

bolid s , are neither sufficiently numerous nor precise to warrant

any general deduction.

IV. Tb* action of mercury it confined entirely to the me-

tals. With these it forms compounds called ar/w/^aitn. The

energy of the action depends obviously upon the strength of

\U affinity, and upon the cohesive force of the particle* of the

metal with which it is to combine.

There are seven metals uj.on which mercury acts spon-

taneously ; and if applied in sufficient tjuantity, dissolves them

completely. These an-,

Gold, Lead, Bismuth, Osmium.

•Silver, Tin, Zinc,

I pou live metals it may lx.- made to act either by trituration

or by destroying the cohesion of the metal by means of heat.

These are,

Platinum, Tellurium, Antimony.

Copper, Arsenic,

With iron it may be made to combine; but its affinity for

that DM la I b< ing very weak, the iron must be presented in a

particular state.

There are five metals with which mercury cannot be made

to combine. The e ale,

Nickel, Rhodium, Molybdenum.

Cobalt, Manganese,

Its action upon the other metals has not been tried.

W hen several of the metals are dipped into mercury, they

come out moistened with it just as a piece of wood does when

plunged into water. The adhering portion has obviously be-

gun a combination. Hence the mercury adheres to the metal Aiftwiw

with a considerable force. We learn from the experiments of

Morveau, that this force varies in different metals. He
constructed cylinders of different metals, perfectly round,

an inch in diameter and the same in thickness, and having

a small ring in their upper surface, by which they might



106 SOLIDS.

Book m. be hung exactly in equilibrium. He suspended these cylinr
*-"v—^ ders, one after another, to the beam of a balance ; and after

counterpoising them exactly, applied them to a quantity of

mercury placed about two lines below them, making them
slide along its surface, to prevent any air from lodging be-

tween them and the mercury. He then marked exactly the

weight necessary to overcome their adhesion, taking care to

change the mercury after every experiment. The table of

the results is as follows

:

Gold adheres to mercury with a force of 44-6 gr.

Silver 429
Tin 418

Lead 397

Bismuth 372

Platinum 282*
Zinc 204

Copper 142

Antimony 126

Iron 115

Cobalt 8

These numbers may be considered as proportional to the

affinity of each metal for mercury. They obviously depend

upon the quantity of mercury that adhered to each surface

:

and that of course would be regulated by the affinity. But the

supposition that the numbers in the table are proportional to

the affinity is altogether gratuitous.

CHAP. IV.

OF SOLIDS.

Solid bodies are much more numerous than either liquids

or elastic fluids. Many of them when heated become liquids,

while others are decomposed before they acquire the tem-

perature necessary to produce fluidity. In this chapter we

shall consider, in the first place, the constitution of solid

bodies, and afterwards their combinations with each other.

Solid bodies consist of an indefinite number of homogeneous

* Morveau, Ann. de Chim. xxt. 10.
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particles aggregated together in masses, and so constituted cbap.iv.

that they cannot, like liquids, move among themselves. In

considering the constitution of solid bodies, there are two

things which claim particular attention. The first is the force

by means of which the particles are united together. It is

i called cohesion. The second is the way in which these parti-

cles arrange themselves with regard to each other. It pro-

duces those regular shapes in solid bodies well known by the

name of crystals. We shall treat of each of these separately :

: this chapter, then, will be divided into three sections; treat-

ing respectively,

1. Of cohesion.

2. Of crystallization.

3. Of the combination of solids with each other.

SECT. I.

OF COHESION.

The force called cohesion is inherent in all the particles of solid

bodies ; for all solid bodies exist in masses composed of an in-

definite number of particles united together.

1. It acts only at insensible distances; for whenever we re-

move the particles of a body to a perceptible distance from

each other, they cease to cohere altogether.

2. Cohesion is cxceeclinirlv various in different bodies ; Cataka
\ r t in

though in the same body, if other things be equal, it is always l*g^
i the same. Thus an iron rod is composed of particles of iron «*"»<»•

. cohering so strongly, that it requires an enormous force to

separate them. A smaller force is necessary to overcome the

cohesion of lead, and a still smaller to separate the particles

. of chalk from each other. In short, there are scarcely two

bodies whose particles cohere with the same force. The force

of cohesion in solid bodies is measured by the weight neces-

sary to break them, or rather to pull them asunder. Thus
if a rod of glass be suspended in a perpendicular direc-

tion, and weights be attached to its lower extremity till the

i rod is broken by them, the weight attached to the rod just

I before it broke is the measure of the cohesive force of the rod.

We are indebted to Muschenbroeck for the most complete

set of experiments hitherto made upon the cohesive force of

solid bodies. Sickengen has also examined the cohesion of

several of the metals with much accuracy. The results of
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Book the labours of the first of these philosophers may be seen m
the following table :

*

I. METALS.

Steel, bar 155,000 Tin, cast , . . 4,440

Iron, bar 74,500 Bismuth 2,900

Iron, cast 50,100 Zinc 2,600

Copper, cast 28,600 Antimony 1,000

Silver, cast 41,500 Lead, cast 860
Gold, cast 22,000

II. ALLOYS.

Gold 2 parts, silver 7 Brass 51,000
1 part 3

~b,UUO
Tin3jleadl 10,200

Gold 5, copper 1 50,000 Tin 8, zinc 1 10,000

Silver 5, copper 1 . . . . 48,500 Tin 4, antimony 1 12,000

Siver 4, tin 1 41,000 Lead 8, zinc 1 4,500

Copper 6, tin 1 55,000 Tin 4, lead 1, zinc 1 . 13,000

III. WOODS.

Locust tree 20,100

Jujeb 18,500

Beech, oak 17,300

Orange 15,500

Alder 13,900

Elm 13,200

Mulberry 12,500

Willow*. 12,500

Ash 12,000

Plum 11,800

Elder 10,000

Pomegranate 9,750

Lemon 9,250

Tamarind 8,750

Fir 8,330

Walnut 8,130

Pitch pine 7,656

Quince 6,750

Cypress 6,000

Poplar 5,500

Cedar 4,8Sa

IV. HONES.

Ivory 16,270

Bone 15,250

Horn 8,750

Whalebone

Tooth of sea calf ....

7,500-

4,075

* In this table the numbers denote the pounds avoirdupois which are

just sufficient to tear asunder a rod of each of the bodies whose base is an

inch square.



COHESION. 109

3. The nature of cohesion has been more happily explained chap. nr.

by Boscovich than by other philosopher. Indeed it forms

the most beautiful and satisfactory part of his theory. Ac- ***otco'

cordin" to him, the particles of bodies cohere together when

they are placed in the limit of repulsion and attraction. Two
particles, when situated at a certain distance from each other,

repel each other mutually ; this repulsion gradually diminishes

as the distance between the particles increases, till at last,

when the distance reaches a certain magnitude, the repulsion

, ceases altogether. If the distance be increased ever so little,

the particles now, instead of repelling, attract each other; and

this attraction increases with the distance, till at last it reaches

its maximum. From this point it gradually diminishes, till at

last, when the particles have acquired a certain distance, it

vanishes altogether. If the distance be increased ever so little

beyond that distance, the particles now again repel each other.

He supposes that the insensible distance between two particles

is divided into an indefinite number of portions of alternate

repulsions and attractions.

Let the line A H represent
yT

the insensible distance between

two particles ; and let the or-

dinate's of the curve I Q«y (f
q"

represent the attracting and

repelling forces of the two par-

ticles, as the second moves along the line A B while the first

remains in the point A. The ordinates of the curves situated

above the line A H represent repulsive forces, and those be-

low the line represent attracting forces. The points B, C, D,

E, F, G, H, where the curve cuts the axis, represent the

limits between repulsion and attraction. While the second par-

ticle is in any part of the line A B it is repelled : the repulsion

increases as the particle approaches A : and at the point A it

is infinite, because the line A a is to be considered as an
asymptote to the curve. At the point B the second particle

is neither repelled nor attracted. In every part of the line

B C it is attracted; and the attraction is a maximum at P,

because there the ordinate P Q is a maximum. At the point

C it is neither attracted nor repelled. In every part of C D
it is repelled

; in D it is neither attracted nor repelled ; in DE
it is attracted ; and so on.

Now the points B, D, F, and H, are called by Boscovich
limits of cohesion, because particles placed in these points re~

a

\h"pcT
\

w
A
WJ J'
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Book nr. main unaltered, and even resist any force which endeavours
to displace them. If they are driven nearer each other, they

are again repelled to their former limit : on the other hand, if

they are driven to a greater distance, they are again attracted

to their former situation.

Boscovich supposes, that in all cases of cohesion the par-

ticles of the cohering body are so situated as to be in these

limits of cohesion with respect to each other. According to

this very ingenious theory, cohesion is not, properly speaking,

a force, but the interval between two forces. And even if we
were to modify the theory a little, still we must consider co-

hesion as the balancing of two opposite forces, either of which

becomes prevalent according as the cohering particles are

urged nearer each other or forced to a greater distance. Con-

sequently, if we were to speak with precision, cohesion is not

itself a force, but the absence of a force. What has been

hitherto called the force of cohesion, is the attraction which

prevents the cohering particles from separating from each

other, and which begins to act, or, more precisely, which be-

comes prevalent, when the particles are urged, to a greater

distance from each other.

4. Boscovich has shown, in a very satisfactory manner, how
all the varieties of cohesion may be produced by the dif-

ferences in the size, figure, and density of the cohering parti-

cles.* It deserves attention, that in most cases the cohesive

force of undecompounded solid bodies is very considerable.

All the metals cohere very strongly; the diamond probably co-

heres with no less force, if we can judge from its hardness;

and the cohesion of sulphur is also great. The sapphire or

crystallized alumina, and, rock crystal or crystallized silica,

are always very hard. In the metals the cohesion is very

often increased considerably by alloying them together. Thus

the cohesion of copper is doubled by alloying it with one-

sixth of its weight of tin, though the cohesion of the tin is

scarcely one-sixth of that of the copper. The cohesion of

metals is greatly increased by forging them, and by drawing

them out into wire. By this last operation gold, silver, and

brass, have their cohesion nearly tripled, copper and iron

more than doubled.

* See hisTheoria Philosophic. Naturalis, Part iii. Sect. 406, p. 185.
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SECT. II.

OF CRYSTALLIZATION.

The word crystal (xgwo-TaAAoc) originally signified ice ; but chaP- IV -

it was afterwards applied by the ancients to crystallized silica,

or rttck crystal ; because, as Pliny informs us, they considered

that body as nothing else than water congealed by the action

of cold. Chemists afterwards applied the word to all trans-

parent bodies of a regular shape; and at present it is em-

ployed to denote, in general, the regular figures which bodies

assume when their particles have full liberty to combine ac-

cording to the laws of cohesion. These regular bodies occur

very frequently in the mineral kingdom, and have long at-

tracted attention on account of their great beauty and regu-

larity. By far the greater number of the salts assume like-

wise a crystalline form ; and as these substances are mostly so-

luble in water, we have it in our power to give the regular

shape of crystals in some measure at pleasure.

1. Most solid bodies either occur in the state of crystals, or

are capable of being made to assume that form. Now it has

long been observed by chemists and mineralogists, that there

is a particular form which every individual substance always

affects when it crystallizes : this indeed is considered as one of

the best marks for distinguishing one substance from another.

Thus common salt is observed to assume the shape of a cube,

and alum that of an octahedron, consisting of two four-sided

pyramids, applied base to bast-. Saltpetre affects the form of

a six-aided prism ; and sulphate of magnesia that of a four-

sided prism ; and carbonate of lime is often found in the state

of a rhomboid. Not that every individual substance always

uniformly crystallizes in the same form ; for this is liable to

considerable variations according to the circumstances of the

Case: but there are a certain number of lbrms peculiar to

every substance, and the crystals of that substance, in every
case, adopt one or other of these forms, and no other; and thus

common salt, when crystallized, has always either the figure of
a cube or octahedron, or some figure reducible to these.

2. As the particles of bodies must be at liberty to move be-
fore they crystallize, it is obvious that we cannot reduce any
bodies to the state of crystals, except those which we are able
to make fluid. Now there are two ways of rendering bodies crj»taii

formed by
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Book in. fluid, namely, solution in a liquid, and fusion by heat. These of
v

v ' course are the only methods of forming crystals in our power,
•oiution, Solution is the common method of crystallizing salts. They

are dissolved in the water : the water is slowly evaporated, the

saline particles gradually approach each other, combine toge-

ther, and form small crystals ; which become constantly larger

by the addition of other particles, till at last they fall by their

gravity to the bottom of the vessel. It ought to be remarked,
however, that there are two kinds of solution, each of which,

presents different phenomena of crystallization. Some salts

' dissolve in very small proportions in cold water, but are very

soluble in hot water ; that is to say, water at the common tem-

perature has little effect upon them, but water combined with

caloric dissolves them readily. When hot water saturated with

any of these salts cools, it becomes incapable of holding them
in solution : the consequence of which is, that the saline par-

ticles gradually approach each other, and crystallize. Sul-

phate of soda is a salt of this kind. To crystallize such salts,

nothing more is necessary than to saturate hot water with

them, and set it by to cool. But were we to attempt to crys-

tallize them by evaporating the hot water, we shourd not suc-

ceed
;
nothing would be procured but a shapeless mass. Many

of the salts which follow this law of crystallization combine

with a great deal of water ; or, which is the same thing, many
crystals formed in this manner contain a great deal of water of

crystallization.

There are other salts again which are nearly equally soluble

in hot and cold water ; common salt for instance. It is evi-

dent that such salts cannot be crystallized by cooling; but they

crystallize very well by evaporating their solution while hot.

These salts generally contain but little water of crystallization.

*u«ion. There are many substances, however, neither soluble in

water nor other liquids, which, notwithstanding, are capable

of assuming a crystalline form. This is the case with the me-

tals, with glass, and some other bodies. The method employed

to crystallize them is fusion, which is a solution by means of

caloric. By this method the particles arc separated from one

another; and if the cooling goes on gradually, they are at li-

berty to arrange themselves in regular crystals.

3. To obtain large artificial crystals, of a regular shape, re-

quires considerable address and much patient attention. This

curious branch of practical chemistry has been much improved

by Mr. Leblanc ; who has not only succeeded in obtaining re-
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gular crystals of almost any size at pleasure, but lias made chap. iv.

niaiiv interesting observations on crystallization in general.*

His method is as follows: The salt to be crystallized is to be

dissolved in water, and evaporated to such a consistency that

it shall crystallize on cooling. Set it by, and when quite cold

pour the liquid part off the mass of crystals, at the bottom,

and put it into a flat-bottomed vessel. Solitary crystals farm

at some distance from each other, and these may be observed

gradually increasing. Pick out the most regular of these, and

put them into a flat-bottomed vessel at some distance from each

other, and pour over them a quantity of liquid obtained in the

same way, by evaporating a solution of the salt till it crystal-

lizes on cooling. Alter the position of every crystal once at

least every day with a glass rod, that all the faces may be al-

ternately exposed to the action of the liquid ; for the face on
which the crystal rests never receives any increment. \>y this

process the crystals gradually increase in size. When they

have acquired such a magnitude that their form can easily be

distinguished, the most regular arc to be chosen, or those

having the exact shape which we w ish to obtain ; and each of

them is to be put separately in a rend filled with a portion of

the same liquid, and turned in the same manner several times

a day. By this treatment they may be obtained of almost any
size we think proper. After the crystal has continued in the

liquid for a certain time, the quantity of salt held in solution

becomes so much diminished, thai the liquid begins to act

upon the crystal and redissolve it. This action is first percep-
tible on the angles and edges of the crystal. They become
blunted, and gradually lose their shape altogether. When-
ever this begins to be perceived, the liquid must be poured af$

and a portion of new liquid put in its place; otherwise the
crystal is infallibly destroyed. Mr. Leblanc has observed, that

this singular change begins first at the surface oi* the liquid,

anil extends gradually to the bottom ; so that a crystal, if large,

may be often perceived in a state of increase at its lower end,
while it is disappearing as its upper extremity. Mr. Leblanc
even affirms that saline solutions almost always increase in den-
sity according to their depth from the surface.

4. The phenomena of crystallization seem to have attracted Natoi*«f

but little of the attention of the ancient philosophers. Their "V :

theory, indeed, that the elements of bodies possess certain re-

VOL. III.

• Jour, tie Fhys. It. 200.

I
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Book in. gular geometrical figures, may have been suggested by these
11

* 'phenomena; but we are ignorant of their having made any
regular attempt to explain them. The schoolmen ascribed the

regular figure of crystals to their substantial forms ; without

giving themselves much trouble about explaining the meaning
of the term. This notion was attacked by Boyle; who proved,

that crystals are formed by the mere aggregation of particles.*

But it still remained to explain, why that aggregation took

place; and why the particles united in such a manner as to

form regular figures.

The aggregation is evidently the consequence of that at-

tractive force which has been examined in the last section. But

to explain the cause of the regular figures is a more difficult

task. Newton has remarked, that the particles of bodies, while

in a state of solution, are arranged in the solvent in regular

order and at regular distances ; the consequence of which must

be, that when the force of cohesion becomes sufficiently strong

to separate them from the solvent, they will naturally combine

in groups, composed of those particles which are nearest each

other. Now all the particles of the same body must be sup-

posed to have the same figure ; and the combination of a de-

terminate number of similar bodies must produce similar

figures. Haiiy has made it exceedingly probable that these

integrant particles always combine in the same body in the

same way, that is to say, that the same faces, or the same edges,

always attach themselves together ; but that these differ in dif-

ferent crystals. This can scarcely be accounted for, without

supposing that the particles of bodies are endowed with a cer-

tain polarity which makes them attract one part of another

particle and repel the other parts. This polarity would explain

the reo-ularity of crystallization ; but it is itself inexplicable.

It is remarkable that crystals not only assume regular figures,

but are always bounded by plane surfaces. It is very rarely

indeed that curve surfaces are observed in these bodies; and

when they are, the crystals always give unequivocal proofs of

imperfection. But this constant tendency towards plane sur-

faces is inconceivable, unless the particles of which the crystals

arc composed are themselves regular figures, and bounded by

plane surfaces.

5. If the figure of crystals depends upon the figure of their

integrant particles, and upon the manner in which they com-

* Treatise on the Origin of Forms and Qualities.
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bine, it is reasonable to suppose that the same particles, when ciiap. iv.

at full liberty, will always combine in the same way, and con-
v"""v'~"'

sequcntly that the crystals of every particular body will be

always the same. Nothing at first sight can appear farther Aflapb*

from the truth than this. The different forms which the crys- ma'vefora.

tals of the same body assume are often very numerous, and

exceedingly different from each other. Carbonate of lime, for

instance, has been observed crystallized in no fewer than forty

different forms, filiate of lime in eight different forms, and sul-

phate of lime in nearly an equal number.

But this inconsistency is not so great as might at first sight

appear. Rome de Lisle has shown that every body susceptible

of crystallization has a particular form which it most fre-

quently assumes, or at least to which it most frequently ap-

proaches. Bergman has demonstrated, that this primitive

form, as Haiiy has called it, very often lies concealed in those

very crystals which appear to deviate farthest from it. And
Haiiy has demonstrated, that all crystals either have this pri-

mitive form, or at least contain it as a nucleus within them
;

for it may be extracted out of all of them by a skilful mecha-
nical division.

Happening to take up a hcxangular prism of calcareous

spar, or carbonate of lime, which had been detached from a
group of the same kind of crystals, he observed that a small
portion of the crystal was wanting, and that the fracture pre-
sented a very smooth surface. Let a b

c d efg h (fig. 1) be the crystal; the

fracture lay obliquely as the trapezium

p s u /, and made an angle of 135°, both

with the remainder of the base a b c s j> li

and with / u e /", the remainder of the

side in eft Observing that the seg-

ment p s u t i 7i thus cut oil' had for its

vertex i n, one of the edges of the base

abenih of the prism, he attempted to

detach a similar segment in the part to

which the next edge c n belonged ; em-
ployed for that purpose the blade of a
knife, directed in the same degree of
obliquity as the trapezium /; * u t, and
assisted by the strokes of a hammer.
He could not succeed : but upon making
the attempt upon the next edge b c, he detached another

i 2

scg-
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Book in. mentj precisely similar to the first, and which had for its ver-

tex the edge b c. He could produce no effect on the next

edge a b ; but from the next following, a h, he cut a segment

similar to the other two. The sixth edge likewise proved re-

fractory. He then went to the other base of the prism d e fa
k r, and found, that the edges which admitted sections similar

to the preceding ones were not the edges e f, d r, g k, corres-

ponding with those which had been found divisible at the op-

posite base, but the intermediate edges d e, k r, gf. The tra-

pezium I q y v represents the section of the segment which had

k r for its vertex. This section was evidently parallel to the

section p s u t ; and the other four sections were also parallel

two and two. These sections were, without doubt, the natural

joinings of the layers of the crystal ; and he easily succeeded

in making others parallel to them, without its being possible

for him to divide the crystal in any other

direction. In this manner he detached

layer after layer, approaching always

nearer and nearer the axis of the prism,

till at last the bases disappeared altoge-

ther, and the prism was converted into a

solid, O X (fig. 2), terminated by twelve

pentagons, parallel two and two : ofwhich

those at the extremities, that is to say,

ASRIO, IGEDO, BAODC at

one end, and FKNPQ, MNPXU,
Z Q P X Y at the other, were the results

of mechanical division, and had their

common vertices O, P, situated at the en-

trance of the bases of the original prism.

The six lateral pentagons R S U X Y,

Z Y R I G, Sec. were the remains of the

six sides of the original prism.

But continuing sections parallel to the

former ones, the lateral pentagons dimi-

nished in length ; and at last, the points

R, G, coinciding with the points Y, Z,

the points S, R. with the points U, Y,
&c. there remained nothing of the late-

ral pentagons but the triangles Y I Z,

U X Y, Sec. (fig. S). By continuing the

same sections, these triangles at last dis-

appeared, and the prism was converted

into the rhomboid a e (fig. 4).

Fig. 2.
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So unexpected a result induced him to make the same at-

tempt upon more of these crystals ; and he found that all of

them could be reduced to similar rhomboids. He found also,

that the crystals of other substances could be reduced in the

same manner to certain primitive forms: always the same in

the same substances, but every substance having its own pecu-

liar form. The primitive form of fluate of lime, for instance,

was an octahedron ; of sulphate of barytes, a prism with rhom-

boidal bases; of felspar, an oblique angled parallelopiped, but

not rhomboidal; of adamantine spar, a rhomboid, somewhat

acute; of blende, a dodecahedron, with rhomboidal sides;

and so on.

These primitive forms must depend upon the figure of the

integrant particles composing these crystals, and upon the

manner in which they combine w ith each other. Now, by con-

tinuing the mechanical division of the crystal, bv cutting off

slices parallel to each of its faces, we must at last reduce it to

so small a si/e that it shall contain only a single integrant par-

ticle. Consequently this ultimate figure of the crystal must intent

be the figure of the integrant particles of w hich it is composed.
,

p
h

a

^
c,e" °r-

The mechanical division, indeed, cannot be continued so far, '•s"*"-

but it may be continued till it can be demonstrated that no
subsequent division can alter its figure. Consequently it can
be continued till the figure which it assumes is similar to that
of its integrant particles.

Hauy has found that the figure of the integrant particles of
bodies, as far as experiment has gone, may be reduced to three;
namely,

1. The parallelopiped, the .simplest of the solids, whose faces
are six in number, anil parallel two nnd two.

2. The triangular prism, the simplest of prisms.

3. The tetrahedron, the simplest of pyramids. Even this
small number of primitive forms, if we consider the almost
endless diversity of size, proportion, and density, to which par-
ticles of different bodies, though they have the same figure,
may still be liable, will be found fully "sufficient to account lor
all thu differences in cohesion and heterogeneous affinity, with-
out having recourse to different absolute forces.

These integrant particles, when they unite to form the pri-
mitive crystals, do not always join together in the same way.
Sometimes they unite by their faces, and at other times by their
edges, leaving considerable vacuities between each. This ex-
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plains why integrant particles, though they have the same
form, may compose primitive crystals of different figures.

Mr. Haliy has ascertained that the primitive forms of crys-

tals are six in number; namely,

1. The parallelopiped, which includes the cube, the rhom-
boid, and all solids terminated by six faces, parallel two and
two.

2. The regular tetrahedron.

3. The octahedron with triangular faces.

4. The six-sided prism.

5. The dodecahedron, terminated by rhombs.

G. The dodecahedron, with isosceles triangular faces.

Each of these may be supposed to occur as the primitive

form or the nucleus in a variety of bodies; but those only

which are regular, as the cube and the octahedron, have hi-

therto been found in any considerable number.

But bodies, when crystallized, do not always appear in the

primitive form ; some of them indeed very seldom affect that

form; and all of them have a certain latitude and a certain

number of forms which they assume occasionally as well as

the primitive form. Thus the primitive form of fluale of lime

is the octahedron ; but that salt is often found crystallized in

cubes, in rhomboidal dodecahedrons, and in other forms. All

these different forms which a body assumes, the primitive ex-

cepted, have been denominated by Haiiy secondary forms.

Now what is the reason of this latitude in crystallizing ? why
do. bodies assume so often these secondary forms ?

G. To this it may be answered :

1st. That these secondary forms are sometimes owing to va-

riations in the ingredients which compose the integrant par-

ticles of any particular body. Alum, for instance, crystallizes

in octahedrons; but when a quantity of alumina is added, it

crystallizes in cubes; and when there is an excess of alumina,

it does not crystallize at all. If the proportion of alumina va-

ries between that which produces octahedrons and what pro-

duces cubic crystals, the crystals become figures with fourteen

sides ; six of which are parallel to those of the cube, and eight

to those of the octahedron; and according as the proportions

approach nearer to those which form cubes or octahedrons,

the crystals assume more or less of the form of cubes or octa-

hedrons. "What is still more, if a cubic crystal of alum be

put into a solution that would afford octahedral crystals, it
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passes into an octahedron : and, on the other hand, an octa- chap, i v.

hcdral crystal put into a solution that would afford cubic v

crystals becomes itself a cube.* Now, how difficult a matter

it is to proportion the different ingredients with absolute ex-

actness must appeal evident to all.

2d. The secondary forms are sometimes owing to the sol- In (he sol.

vent in which the crystals arc formed. Thus if common salt
Ten,s; and

be dissolved in water, and then crystallized, it assumes the

form of cubes; but wiien crystallized in urine, it assumes the

form, not of cubes, but of regular octahedrons. On the other

hand, muriate of ammonia, w hen crystallized in water, assumes

the octahedral form, but in urine it crystallizes in cubes.f

3d. But even when the solvent is the same, and the propor-

tion of ingredients, as far as can be ascertained, exactly the
same, still there arc a variety of secondary forms which usu-

ally make their appearance. These secondary forms have
been happily explained by the theory of crystallization, for

which we are indebted to the sagacity of Mr. Ilaiiy; a theory
which for its ingenuity, clearness, and importance, must ever
rank high, and w hich must be considered as one of the great-
est acqui&itioixs, which mineralogy, and even chemistry, have
hitherto attained.

According to this theory, the additional matter which en- To.hej.r-
vclopes the primitive nucleus consists of thin sliccj or layers

frr,M" d"

of particles, laid one above another upon the faces of Afffciwis,
nucleus, and each layer decreasing in size, in consequence ot

• lio^,Im,n"•

the abstraction of one or more rows of integrant particles
from its edges or angles.

Let us suppose that A B E G
(fig. 5) is a cube composed of its

729 small cubes: each of its

sides will consist of 81 squares,

being the external sides of as
many cubic particles, which to-

gether constitute the cube. Upon
A B C D, one of the sides of this

cube, let us apply a square
lamina, composed of cubes equal
to those of which the primitive "T*f f
crystal consists, but which has L-Li iTZLXft

Fiff.5.

t
7/77-

4

-H-+-H-

• Leblanc, Ann. tic Chim. xiv. 1-19.

+ l'ourcrov and Vauquelin, Ibid. »iv. 149.
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Fig. 6.

Fig. 7.

Fig. 8.

nook nr. on each side a row of cubes less than the

outermost layer of the primitive cube. It

will of course be composed of 49 cubes,

7 on each side; so that its lower base o nj'g

(fig. 6) will fall exactly on the square marked

with the same letters in (fig. 5.)

Above this lamina let us apply a second,

I m p u (fig. 7), composed of 25 cubes; it

will be situated exactly above the square mark-

ed with the same letters (fig. 5). Upon this

.second let us apply a third lamina, v xy z (fig.

8), consisting only of 9 cubes ; so that its base

shall rest upon the letters v x y z (fig. 5).

Lastly, on the middle square r let us place the

small cube r (fig. 9), which will represent the

last lamina.

It is evident that by this process a quadran-

gular pyramid has been formed upon the face A B C D (fig.

5) the base of which is this face, and the vertex the cube r

(fig. 9.) By continuing the same operation on the other five

sides of the cube, as many similar pyramids will be formed

;

which will envelope the cube
:
on every side.

It is evident, however, that the sides of these pyramids will

not form Continued planes, but that, owing to the gradual di-

minution of the laminae of the cubes which compose them,

these sides will resemble the steps of a stair. We can sup-

pose, however (what must certainly be the case,) that the

cubes of which the nucleus is formed are exceedingly small,

almost imperceptible; that therefore a vast number of laminae

are required to form the pyramids, and consequently that the

Fig. 9.

m

channels which they form are

imperceptible. Now D C B E
(fig. 10) being the pyramid rest-

ing upon the face ABCD (fig.

5), and C B O G (fig. 10) the

pyramid applied to the next face

B C G H (fig. 5) if we consider

that every thing is uniform from

E to O (fig. 10), in the manner

in which the edges of the ktrrtirute

of superposition (as the Abbe

Hatty calls the laminae which *"

Fi<r. 10.
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compose tin pyramids) mutually project beyond each other, chap. iv.

it will readily he conceived that the face C E B of the first
*

pviamid ought to be exactly in the same plane with the face

C' () li of the adjacent pyramid; and that therefore the two

faces together will form one rhomb E C O B. But all the

sides of the six pyramids amount to 24 triangles similar to

C E B; consequently they will form 12 rhombs, and the fi-

gure of the whole crystal will be a dodecahedron.

Thus we see that a body which has the cube for the pri-

mitive form of its crystals, may have a dodecahedron for its

secondary form. The formation of secondary crystals, by the

superposition of lamime gradually decreasing in size, was

fir-t pointed out by Bergman. But Ha :.iy has carried the

subject much further. lie has not only ascertained all the

diflerent ways by which these decrements of the lamina? may
take place, but pointed out the method of calculating all the

possible variety of secondary forms which can result from a

given primitive form; and consequently of ascertaining whe-
ther or not any given crystal can be the secondary Ibrm of a

given species.

The decrements of the lamina* which cover the primitive

nucleus in secondary crystals are of four kinds.

1. Decrement) on tin- n/^rs
; that is, on the edges of the Thn* or

dices which correspond with the edges of the primitive nu- fo°rki,MU*

cleus.

2. Decrement* on the angleij that is to say, parallel to the
diagonals of the faces of the primitive nucleus.

3. Intt i nitwait <l< i rrm<nt v ; that is to say, jwtrallel to lines

situated obliquely between the diagonal.- and edges of the faces
of the primitive nucleus.

4. Mi in! ,/< ( n mmts. In these the superincumbent slices,

instead of having only the thickness of one integrant particle,

have the thickness of two or more integrant particles; and
the decrement, whether parallel to the edges or angles, consists
not of the abstraction of one row of particles, but of two or
more. I laity denotes these decrements by fractions, in which
Die numerator indicates the number of rows of particles which
constitutes the decrement, and the denominator represents the
thickness of the lamina?. Thus -« denotes lamina? of the thick-
ness of three integrant particles, decreasing by two rows of
particles.

An example of the first law of decrement, or of decrement I.

•n the edges, has been given above in the conversion of the
"

Decre-

Dft on
the edge*.
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Book in. cubic nucleus to a rhomboidal dodecahedron. In that ex-

ample the decrement consisted of one row of particles, and it

took place on all the edges. But these decrements may be

more rapid ; instead of one, they may consist of two, three,

four, or more rows: and instead of taking place on all the

edges, they may be confined to one or two of them, while no

decrement at all takes place on the others. Each of these

different modifications must produce a different secondary

crystal. Besides this, the laminae may cease to be added be-

fore they have reached their smallest possible size ; the conse-

quence of which must be a different secondary form. Thus,

in the example given above, if the superposition of laminae-

had ceased before the pyramids were completed, the crystal

would have consisted of 18 faces, 6 squares parallel to the

faces of the primitive nucleus, and 12 hexahedrons parallel to

the faces of the secondary dodecahedron. This is the figure

of the borate of magnesia found at Luneburg.

The second law in which the decrement

is on the angles, or parallel to the diagonals

of the faces of the primitive nucleus, will

be understood from the following example.

Let it be proposed to construct around

the cube A B G F (fig. 1) considered as a

nucleus, a secondary solid, in which the la-

minae of superposition shall decrease on all

sides by single rows of cubes, but in a direc-

tion parallel to the diagonals. Let A B C D

9. Decre-

ments on

the angles.

Fig. 1.

Fis. 2.

I I1

j [ i I

Tj_rrn"ni"rem
I I I I I

nil!
rfl I 1 I I

n±!±
D

Fis. 3.

(fig. 2,) the superior base of the nucleus, be

divided into 81 squares, representing the

faces of the small cubes of which it is com-

posed. Fig. 3 represents the superior sur-

face of the first lamina of superposition,

which must be placed above A B C D
(fig. 2) in such a manner, that the points

a', b\ c', d', (fig. 3) answer to the points

a, b, c, d, (fig. 2). By this disposition

the squares A a, B b, C c, D d, (fig. 2)

which compose the four outermost rows

of squares parallel to the diagonals

AC, B D, remain uncovered. It is

evident also, that the borders Q V, 0 N, L

I L, G F, (fig. 3) project by one range beyond the borders

A B, A D, CD, B C (fig. 2j, which is necessary, that the
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nucleus may be enveloped towards these edges. For if this cb» P . rr.

were not the case, re-entering angles would be formed towards

the parts A B, B C, C D, D A of the crystal ; which angles

appear to be excluded by the laws which determine the forma-

tion of simple crystals, or, which comes to the same thing,

no such angles are ever observed in any crystal. The solid

must increase, then, in those parts to which the decrement

does not extend. But as this decrement is alone sufficient to

determine the form of the secondary crystal, we may set aside

all the other variations which intervene only in a subsidiary

manner, except when it is wished, as in the present case, to

construct artificially a solid representation of a crystal, and to

exhibit all the details which relate to its structure.

The superior face of the second

lamina will be A' G' L' K' (fig. 4).

It must be placed so that the points

a" b" (" d" correspond to the points

a' b' c d' (fig. 3,) which will leave

uncovered a second row of cubes at

each angle, parallel to the diagonals

A C and B D. The solid still in-

creases towards the sides. The lar^e

faces of the lamina} of superposition,

which in fig. 3 were octagons, in fig. 4

arrive at that of a Square; ami when
they pass that term I hey decrease on all

sides; so that the next lamina has for its

superior face the square IV M' L' S'

(fig. 5), less by one range in every direc-

tion than the preceding lamina (fig. 4).

This square must be placed so that the
points e', f, fft h' (fig. 5) correspond to

the points cj) gi h (fig. 4). Figures 6, 7, 8,
and 9, represent the four lamime which
ought to rise successively above the preced-
ing; the manner of placing them being
pointed out by corresponding letters, as was
done with respect to the three first lamina?.
The last lamina z' (fig. 10) is a single cube,
which ought to be placed upon the square z

Fig. 5.

it

1

txtJ

Fig. 8.
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Fig. 9.

Book nr. The laminae of superposition, thus applied

upon the side ABCD (fig. 2) evidently pro-

duce four faces, which correspond to the points

A, B, C, D, and form a pyramid. These faces

having been formed by laminae, which began

by increasing, and afterwards decreased, must be

quadrilaterals of the figure represented in fig. 1 1

;

in which the inferior angle C is the same point

with the angle C of the nucleus (fig. 1 and 2) ; and

the diagonal L Q represents 1/ G' of the lamina

A' G' 1/ K' (fig. 4). And as the number of laminae

composing the triangle L Q C (fig. 11) is much
smaller than that of the laminae forming the triangle

Z L Q, it is evident that the latter triangle will have

a much greater height than the former.

The surface, then, of the secondaiy crystal,

produced, must evidently consist of 24 quad-

rilaterals (for pyramids are raised on the other

five sides of the primary cube exactly in the

same manner), disposed three and three around

each solid angle of the nucleus. But in con-

sequence of the decrement by one range, the

three quadrilaterals which belong to each solid

angle, as C (fig. 1 ), will be in the same plane,

and will form an equilateral triangle Z I N
(fig. 12). The 24 quadrilaterals, then,

will produce eight equilateral triangles

;

and consequently the secondary crystals

will be a regular octahedron. This is the

structure of the octahedral sulphuret of

lead and of muriate of soda.

The third law is occasioned bv the ab-

straction of double, triple, &c. particles.

Fig. 13 exhibits an instance of the sub-

tractions in question : and it is seen that ?

the moleculae which compose the range represented by that

figure are assorted in such a manner as if of two there were

formed only one; so that we need only to conceive the crys-

tal composed of parallelopipcdons having their bases equal to

the small rectangles abed, c dfg, h g i I, &c. to reduce

this case under that of the common decrements on the angles.

This particular decrement, as well as the fourth law, which

requires no farther explanation, is uncommon. Indeed

Fig. 13.
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Hauy has only met with mixed decrements in some metallic chap. iv.

crystals.

These different "laws of decrement account for all the differ-

ent forms of secondary crystals. But in order to see the vast

number of secondary forms which may result from them, it is

necessary to attend to the different modifications which result

from their acting separately or together. These modifications

may be reduced to seven.

1. The decrements take place sometimes on all the edges, Mo.ii«ca-

or all the angles, at once. Kktia*
2. Sometimes only on certain edges, or certain angles. decrements

3. Sometimes they are uniform, and consist of one, two, or
aie,u Ject*

more rows.

4. Sometimes they vary from one edge to another, or from

one angle to another.

5. Sometimes decrements on the edges and angles take

place at the same time.

G. Sometimes the same edge or angle is subjected succes-

sively to different laws of decrement.

7. Sometimes the secondary crystal has faces parallel to

those of the primitive nucleus, from the superposition of la-

mina; not going beyond B certain extent.

Hence Mr. Hauy has divided secondary forms into two

kinds, namely, simple and compound. Simple secondary crys-

tals are those which result from a single law of decrement,

and which entirely conceal the primitive nucleus. Compound
secondary crystals arc those which result from several laws of

decrement at once, or from a single law which has not reached

its limit, and which of course has left in the secondary crystal

faces parallel to those of the primitive nucleus.

Such is a general view of Haiiy's theory of crystallization,

which has led already to several very important discoveries in

mineralogy, and may be expected to lead to still more impor-
tant ones hereafter. The evidence for its truth is the com-
plete manner iu which it explains the phenomena, and the

exact coincidence of matter of fact, in every instance, with the

result of calculation. But as it cannot be shown that the

secondary forms are actually crystallized according to the

theory, we must consider it in the light of a mathematical hy-
pothesis; an hypothesis, however, of very great importance,
because it serves to link together a vast number of otherwise

unconnected facts; because it enables us to subject all the
iorms of crystals to calculation : and because it puts it in our
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Book nr. power to ascertain the nature of a body with the utmost cer-—
' tainty, from an accurate examination of the figure of its crys-

tals. Such hypotheses may be considered as the clues which

lead us through the otherwise impenetrable mazes of error,

and conduct us at last, though after a tedious journey, to the

goal of certainty and truth.

SECT. III.

OF THE COMBINATION OF SOLIDS WITH EACH OTHER.

1. The following table exhibits a list of the principal solids,

arranged according to their composition :

I. UNDECOMPOUNDED.

Sulphur. Carbon. Metals.

Phosphorus. Boron.

II. COMPOUNDS.

1. Charcoal.

Metallic oxides.

2. Sulphurets of metals.

Sulphuretted oxides.

3. Phosphurets of carbon.

metals,

oxides.

4-. Carburets of iron.

5. Alloys.

6. Solid acids.

7. Oxides with oxides.

8. Salts and hydrosulphurets.

Metallic oxides with alkalies.

9. Bitumens, solid oils, tannin.

10. Soaps.

1 1 . Most vegetable substances.

12. Many animal substances.

Their numbers are very great; for if all the individuals

were reckoned they would amount to many thousands,

specific 2. Their specific gravity varies more, than either that of
sravi,J

'

liquids or elastic fluids, as will appear from the following table,

in which they are arranged according to their density.
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Specific gravity.

Charcoals 0-223 to 1*526

Vegetable bodies 0'240 to 1-354.

Salts 0-273 to 7*176

Earths 0*346 to 4*842

Solid acids 0-667 to 3*391

Earths with earths 0-6S0 to 4*815

Bitumens and solid oils 0*892 to 1-357

Fixed alkalies 1*336 to 1-708

Phosphorus 1*770 —
Carburets of iron — 7*840

Sulphur 1*990 —
Earths with alkalies 2*732 to 3*329

Carbon 1-9S7 to 3'531

Metallic sulphurets 3*225 to 10 000

Metals and alloys 0 600 to 21-65

The specific gravity of hammered platinum, which is the

heaviest of the solid bodies, is nearly 100 times greater than

that of common cork, which is one of the lightest.

3. Solid bodies, as far as regards their combinations with

each other, may be divided into three classes: namely, those

which unite in any proportion; those which unite in certain

determinate proportions; and those which cannot be made to

combine with each other at all. Let us examine the action of

each of these classes separately.

I. The action of solids upon each other has been so imper- s»im» that

fectly examined, that it is not possible to give more than a
nni,e

5 ",
J ' r O proportion.

partial view of the subject. The following table comprehends

the principal solids hitherto ascertained to be capable of unit-

ing in any proportion.

1. Sulphur with phosphorus.

2. Carbon with iron ?

3. Metals with most metals.

4. Protoxide of antimony with sulphuret of antimony.

5. Earths with earths.

6. Earths with some metallic oxides.

7. Some earths with fixed alkalies.

8. Solid oils with each other, and with bitumen.
All the products produced by these mutual combinations are
solids, except those formed by the union of sulphur and phos-
phorus in certain proportions, which are liquid.

1. As far as is known at present, none of the solids con-
tained in the preceding list combine spontaneously, even
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Book in. though placed in contact. The cohesion of their particles
V"""v— presents a resisting force which their affinity for each other can-

not overcome. The usual method employed is, to mix the

two substances to be united in the intended proportions, and
to apply a degree of heat capable of melting one or both of

them. Thus they are enabled to act upon each other in the

same way as liquids, and of course the same explanation ap-

plies to their combinations. These combinations obviously

belong to that class which have been distinguished by the

name of dissolutions, and accordingly do not differ much in

their properties from their constituents, except the compounds

of carbon and iron, and some of the earths with each other,

which possibly may be found hereafter to belong to that class

of solids which combine only in certain proportions.

2. The combination is usually accompanied by a change of

density. This is most apparent in the metallic alloys, most of

which are either above or below the mean,

solids that II* The following table exhibits the principal solids which
unite only have hitherto been observed to unite only in determinate
in certain

>
^

proportkns. proportions.

Sulphur with metals.

some metallic oxides,

earths.

fixed alkalies.

Phosphorus with carbon.

metals,

some earths

Acids with alkalies.

earths.

metallic oxides, &c.

These combinations are more intimate than the preceding:

they have been more closely examined, and are better known,

one or the 1. As far as is known at present, none of these bodies act

bodies must n eacn otner while both continue in the solid state, except

sulphur and the fixed alkaline hydrates, some acids, and a few

hydrates of metallic oxides, and perhaps some of the acids

and the fixed alkaline hydrates. With these exceptions, it

may be laid down as a general rule, that in all cases of the

combination of these bodies with each other, one at least of

the two which combine must have its cohesion destroyed, or

at least diminished, by being reduced to a liquid state. Now

there arc two ways of bringing these solids to this state:

1. Fusion by means of fire. In this way sulphur is made to

be fluid.



COMBINATION OF SOLIDS WITH EACH OTHER. 129

Combine with metals, earths, and fixed alkalies, and phos- cbap. iv.

phorus with metals. Sometimes the affinity is so weak, that * v

it is necessary, in the first place, to reduce one of the consti-

tuents to the state of vapour. Thus phosphorus combines

with lime, barytes, and strontian, only at a red heat. 2. So-

lution in water or some other liquid menstruum. In this way

the aeids are combined with the alkalies, earths, and metallic

oxides, and in this way may sulphur and phosphorus be com-

bined with metals.

2. As the union of these bodies with each other resembles

that of liquids with solids in every respect, it would be un-

necessary, after the details contained in the preceding chapter,

to enter into any farther particulars respecting the theory of

the combination. The points of most importance are, the

proportions in which they unite, and the change of density

which they undergo.

3. Though the combinations of sulphur with the metals sn i PbU r

have been examined with very particular attention by chemists, "^u*
there arc many things connected with them that require eluci-

dation. Mr. Berthollet is still of opinion that sulphur is ca-

pable of uniting indefinitely to the metals, and he has brought
a number of examples of native sulphurets of lead, copper,
and iron, analysed by the most accurate chemists, in which
the proportion of sulphur varied indefinitely.* It is very
likely that various doses of *ulphur are capable of uniting
with most metals: but the experiments hitherto made upon
the artificial union of these bodies do not warrant us to con-
chide that they unite indefinitely; for when sulphur and a
metal are fused together, we obtain always the two bodies
combined in determinate proportions. As far as we know at

present sulphur combines only in two proportions with metallic
bodies. One atom of metal is capable of uniting with ] atom
of sulphur, and in some cases with 2 atoms. This will be
seen by inspecting the table of sulphurets given in vol. i.

p. 545, of this work.

4. Almost all the metallic sulphurets are rarer than the t \T ml
mean. The substances of course expand during their com-
bination. In most cases this expansion is considerable, m
will appear from the following table. Hie first column gives
the real density of the compounds; the second the mean
density, calculated on the supposition that no change of bulk
had taken place by the combination.

• Jour, de Phys. lx. 349.
VOL. in. K

rarrr lino

tlx* luruo.
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Book II!

Neutraliza-

tion ex-

plained.

SOLIDS.

Sulnhurets of J***
1 Calculated

density. density.

Silver 7'2 9*22

Mercury 10* 11-83

Iron, 1st 4*518 5'62

2d 4-830 4*73

Lead 7* 10-06

Bismuth 6-131 8'65

Antimony 4'368 5*53

Arsenic, 1st . . 3,225 Vtac
2d.. 5-315 J

1
'00

Molybdenum 4'73 5*97

In some of these examples the expansion is more than a
fifth of the whole. Pyrites is the only instance known of a

combination of sulphur and a metal, the specific gravity of

which is greater than the mean.

5. The remaining compounds into which sulphur enters

with solid bodies have not been sufficiently examined to admit

of any additional observations. Neither do we know any

thing precise respecting the combinations of phosphorus and

solid bodies.

6. The case is very different with the acids ; the compounds

which they form with the alkalies, earths, and metallic oxides,

have been examined with much attention, and have fur-

nished chemists with most of the opinions which they

entertain respecting affinity. The great facility with which

these compounds are formed, the striking difference between

their properties and those of their constituents, and the

beautiful-forms which many ofthem assume, were circumstances

which excited the general interest of chemists.

7c If we take a given quantity of sulphuric acid diluted

with water, and add to it slowly a solution of soda by little

at a time, and examine the mixture after ever}7 addition, we
shall find that for a considerable time it will exhibit the pro-

perties of an acid, reddening vegetable blues, and having a

taste perceptibly sour: but these acid properties gradually

diminish after every addition of the alkaline solution, and at

last disappear altogether. If we still continue to add the soda,

the mixture gradually acquires alkaline properties, converting

vegetable blues to green, and manifesting an urinous taste.

These properties become stronger and stronger the greater

the quantity of soda is which is added. Thus it appears

that when sulphuric acid and soda are mixed together, the

properties either of the one or the other preponderate ac-
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cording to the proportions of each ; but there are certain cba P. iv.

proportions, according to which, when they are combined,

they mutually destroy or disguise the properties of each

other, so that neither predominates, or rather so that both

disappear.

When substances thus mutually disguise each other's pro-

perties, they are said to neutralize one another. This pro-

perty is common to a great number of bodies ; but it mani-

fests itself most strongly, and was first observed, in the acids,

alkalies, and earths. Hence the salts which are combinations

of these different bodies received long ago the name of

neutral salts. When bodies are combined in the proportion

which produces neutralization, they are often said to be satu-

ratt'/I; but in this case the term is used improperly. It would

be much better to confine the word saturation to the meaning as-

signed it in a former section, and to employ the term mulraliza-

tjon to denote the state in which the peculiar properties of

the component parts mutually disappear ; for very frequently

neutralization and saturation by no means coincide. Thus in

tartrate <>)'potash the acid and alkali neutralize each other: yet

it cannot be said that the potash is saturated ; for it is still

capable of combining with more tartaric acid, and of forming

supertartrate of potash, a compound in which the ingredients

do not neutralize each other; for the salt has manifestlv a

preponderance of the properties of the acid.

8. It cannot but be obvious, that the same quantity of acid

or alkali must be always employed to neutralize a given weight

of alkali or acid ; and that, therefore, the proportion in which
these bodies unite to form neutral salts is fixed and deter-

mined. The acids and alkaline bases, indeed, may be ca-

pable of uniting with each other in various proportions; but
the neutral combination must be constant: it must likewise

be the most intimate. In general neutral salts are composed
ol 1 atom of acid united to 1 atom of base. In the carbonates,
however, the alkaline base, though combined with an atom of
acid, stili continues to act as an alkali upon vegetable blues.
Many bases are capable of combining with 2 atoms of acid

;

and sometimes with 4- atoms. Thus potash forms oxalate,
binoxalate, and quadroxalate of potash. It forms likewise
sulphate and bisulphate of potash. Sometimes an acid com-
bines with 2 atoms of the base. Thus boracic acid unites
with 2 atoms of soda, forming subboraie of soda. Perhaps it

k 2
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Book in. would be most accurate to denominate such compounds by
prefixing the syllables subhi. In that case common borax
will be denominated subbiborate of soda.

CHAP. V.

OF COMBINATION AND DECOMPOSITION.

of a°know
Ce ^HE 8reat OD

ject °f all chemical investigations is to sepa-

ledge of rate Dodies from each other which are chemically combined.
combination -rt . • 1 mi i i r
and decom- £>ut Jt ls scarcely ever possible to separate a body from one
position, substance without at the same time uniting it to another.

Hence decomposition is almost always accompanied by combi-

iidtion. Every chemical analysis consists of a certain number
of combinations and decompositions following each other in a

regular order, and leading to the object desired, the know-

ledge of the constituents of the substance examined. It is

accomplished by putting each constituent of the substance in

succession into such a state of combination, that it shall not

be acted upon nor dissolved by a given menstruum, which

dissolves all the other constituents not already separated. But
this cannot be done unless we are acquainted with the pro-

per combinations, the method of forming them, and the re-

quisite menstrua. Hence it is an accurate knowledge of the

combinations which different substances are capable of form-

ing, of the bodies best calculated for separating the consti-

tuents of compounds from each other, and of the peculiar

solvent of each compound, which constitute the essential

requisites for the practical chemist. In the three preceding

chapters we took a particular view of the mutual action of all

the different chemical substances on each other, of the com-

pounds which they form, and the various decompositions

which they produce. In this chapter we shall take a general

view of the subject. Three things claim our particular at-

tention : namely, I. The proportions in which bodies com-

bine; 2. The order in which they decompose one another;

and, 3. The way in which they separate from each other.

Sometimes one of the ingredients assumes the form of gas or

vapour ; it is then said to be volatilized or evaporated : some-

times it falls to the bottom of the liquid compound, and is

then said to be precipitated. These topics shall be considered

in the following sections.



COMBINATION. 133

SECT. I.

OF COMBINATION.

We have seen, in the preceding chapters, that there are a cb*P. v.

variety of bodies which do not unite with each other ; but
v

*
'

that by far the greater number arc capable of entering into

combination, and of forming new compounds. These new compound!

compounds may be divided into two classes. Some differ but
0 two

little in their properties from the constituents of which they

arc composed, while others assume properties that are ex-

tremely different. So little, indeed, are the first set altered

by combination, that some persons have denied the combina-

tion altogether, and have supposed the bodies to be only me-

chanically mixed.

1. To the first set belong all those combinations which, after dimoiuiiobs,

Berthollet, we have denominated dissolutions. In dissolutions,

all the substances combining are sometimes in the sarne state.

The mixed liquids, metallic alloys, and a few other solid com-

pounds, comprehend the whole of such bodies. In them the

proportions of all the constituents of the compound may vary

indefinitely; or substances in the same state are capable of

disso/ring any proportion of each other.

The bodies dissolving each other are sometimes in different

states. Water and many other liquids dissolve all the gases;

and all the gases dissolve water and several other liquids.

Water, &c. dissolve various solids, and many solids combine

with water. In all these dissolutions there is a maximum
quantity of one of the ingredients; and if it be exceeded, the

surplus (supposing the quantity of the other ingredient fixed)

will not be dissolved. When gases are dissolved in liquids, a

given bulk of liquid can dissolve only a determinate portion

of each gas. In like manner, a gas can dissolve only a deter-

minate bulk of liquid. When a solid combines with a liquid,

it can take up only a determinate weight of it, provided it be

not capable of assuming the liquid state ; for every hydrate

can contain only a determinate weight of water. When a

liquid dissolves a solid, it takes up only a determinate quan-
tity, and then loses the whole of its action on the remainder.

Thus it appears, that when substances in different states dis-

solve one another, each of them has a maximum and a minimum
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Book in, quantity; but within these limits they are capable of dissolv-
* v ' ing each other in any proportions whatever.

Some liquids, whose cohesion or state differs very much,
though in the same state, are capable of dissolving each other

only in certain proportions. Thus water dissolves only y Uth

of its weight of ether. Such liquids resemble substances in

different states, and therefore follow the same law with regard

to their mutual solutions.

And ciiemi- 2. Those bodies which form compounds differing very much

nations. from their constituents, have been more usually considered

as chemical combinations, to the exclusion of the former. In

all of them there is an obvious tendency to combine only in

determinate proportions ; and in the most striking examples

these proportions are very few.

They com- The gases unite only in one, two, or at most three propor-

ula yropll.
tions ; and it is very seldom that we can unite them directly

tioosoniy. jn more than one. Thus oxygen and hydrogen, hydrogen

and azote, unite only in one proportion. Oxygen and azote

unite in five proportions ; but we can unite them directly in

only one. The other combinations are obtained by decom-

posing the compound formed directly.

In like manner, the combination of a gaseous and solid body

is limited to certain proportions. Oxygen unites with carbon

in two, and with phosphorus and sulphur in three proportions;

but we seldom can unite them dh'ectly in more than one.

With metals, also, it unites usually in a small number of

proportions. Hydrogen unites with two proportion of car-

bon, and probably with the same proportions of phosphorus

and sulphur.

When the substances that enter into combination are more

than two, the proportions frequently increase in number : and

indeed in many cases baffle our attempts to trace them. Thus

azote, carbon, hydrogen, and oxygen, are almost the only

elements out of which all the immense variety of animal and

vegetable substances are formed. But from each of these

substances always affecting the same properties, there is reason

to believe, that even in these complicated cases, the proportions

are not absolutely unlimited, but fixed and determinate, as in

the more simple cases which we are able to examine ; for if

it were not so, no two animal or vegetable bodies could be

expected to possess precisely the same properties.

There are no liquid bodies, strictly so called, that enter
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into the intimate combination which we are now considering. chap . v.

All their combinations belong to the class of dissolutions. v

The solid bodies which combine intimately appear at first

si<rht to be capable of varying their proportions almost with-

out limit. Thus we may melt together any proportion of

sulphur with antimony, iron, or potash: we may add any

proportion of liquid ammonia to nitric acid : But in all these

cases the combination is not, strictly speaking, entitled to be

ranked among those intimate ones which we are considering,

unless we limit the quantity of each ingredient to certain de-

terminate proportions. If the proportions be unlimited, the

combination belongs to the class of dissolutions ; the proper-

ties of the predominating constituent remaining unimpaired

and unaltered. Whenever the combination is intimate, and
the properties of the constituents concealed, then the pro-

portions are not only limited, but in most cases do not exceed

one or two. Thus, to constitute neutral salts, .we must com-
bine the acid and the base in one determinate proportion.

Thus we have found reason to conclude, that in cases of
chemical dissolution, the ingredients unite in any proportion
whatever, except when the proportion of one of the ingredients

is limited by the difference of its state from that of its solvent;

as, for example, when the solvent is liquid, and the substance
dissolved gaseous or solid. Hut in cases of chemical combi-
nation, tli.' ingredients affect determinate proportions: pro-
portions which probably depend on the tendency which bo-
dies haw to combine atom to atom, or one atom of one witli

a determinate number of atoms of another.

SECT. II.

OF DECOMPOSITION.

If into a solution of nitrate of silver we drop a quantity of
liquid potash, a portion of the metallic oxide immediately se-
parates from the solution, and falls to the bottom. Thus pot- Eiampk.
ash has the property of decomposing nitrate of silver by se- m}™"*

0'

paratmg the oxide. The same experiment succeeds if we drop
soda into a solution of sulphate of magnesia. The magnesia
M-parates from the acid and falls to the bottom, while the soda
takes its place. Just the reverse happens if barytes water be
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Book in. poured into a solution of sulphate of soda. The barytes and
sulphuric acid separate in combination, while the soda remains

in solution. We obtain the same result when we pour muri-

atic acid into nitrate of silver. The muriatic acid and the

oxide of silver separate together, leaving the nitric acid. When
muriate of barytes is mixed with sulphate of soda, the sul-

phuric acid and the barytes unite together, and separate from

the solution, while the muriatic acid and soda, also combined
together, remain dissolved. The same thing happens when
oxalate of ammonia is mixed with nitrate of lime. The oxa-

lic acid and lime separate in combination, while the nitric acid

and the ammonia remain in solution.

Thus it appears that substances have the property of sepa-

rating others from compounds of which they form a constitu-

ent. Now the great object of chemists is, to find a body x,

capable of separating a body a from another body b. It is by

this means that chemical analyses are effected. He accordingly,

who is able to resolve the problem in the greatest variety of

cases, is the most skilful practical chemist.

Ascribed to Chemists, at a very early period of the science, began to col-

affinitj.
ject examples of these decompositions, and to endeavour to

explain them. Mayow seems to have been one of the first who
viewed the subject in the proper light. He has left a disser-

tation on the combination of the acids and bases, and of their

decompositions, in which a considerable number of facts are

stated with accuracy, though the imperfect knowledge of the

substances frequently misled him in his explanations.* In

1718, Geoffroy thought of arranging the substances in a table,

in the order in which they separate one another from a given

body. This table was afterwards corrected and enlarged by

different chemists, especially by Gellert and Limburg. But it

was Bergman who first reduced the doctrine of decomposition

to regular order, gave a luminous and satisfactory theory, ex-

hibited a complete series of tables, and explained the anoma-

lies or apparent exceptions to his theory, which had been

pointed out by the experiments of Baume, Marherr, and other

chemists. His dissertation was first published in 1775, and

afterwards in a more perfect form in 1783. The opinions

adopted by this illustrious philosopher were universally ac-

ceded to, and, till within these few years, chemists considered

* Mayow, Tract. I. c. xiv. p. '232. De Saliatri Gongressu et Prccipitaiiunc.
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them as the basis of the whole science, and were anxious only cb»P . v.

to fill up the chasms which he had left.

Berthollet, about the commencement of the present century,

advanced an opinion very different from that of Bergman.

Affinity, according to him, always produces combination, and

decomposition when it takes place must be ascribed to cohe-

• sion, elasticity, or some similar power, which tends to cause

> some of the constituents to separate from the rest. I think that

Berthollet has succeeded in overturning all our pre-conceived

opinions on the subject, but he has not been so successful in

establishing his own.

As the tables of affinities (as they have been called) have

been thus demonstrated not to indicate the real order of affi-

nities, and as the decompositions on which they are founded

. arc often illusory, and seldom complete, the tables themselves

must be considered as of little value, and as tending, in most

I cases, rather to mislead than to convey accurate information.

For that reason I have omitted them in the preceding part of

i this work.*

Tables of decompositions, indeed, even though only partial, T»bi»of

I would be of value, provided they could be constructed ; but mZZT'
unfortunately it is only in a limited number of cases that we

« can ascertain the order in which bodies decompose each other:

in most cases we must be contented with analogy. The follow-

ing tables are constructed, partly from the order of decompo-
sition, and partly from the order of combination, when two
bodies are presented at once to a third. They are of some
value in a practical point of view, though they throw but little

light on the strength of affinity.

I. OXYGEN.

1. Hydrogen 4. Phosphorus 7. Chlorine. o,,^,
2. Carbon 5. Sulphur

'^buTti
1"

3. Boron 6. Azote bi«aJdiu-
corabarti-

AU these bodies unite to oxygen (if we consider the facility in
We,>

all circumstances) nearly in the order of the table. None of
them are capable of decomposing water, unless carbon be an
exception. Charcoal decomposes water at a red heat; but
hydrogen, in its turn, decomposes carbonic acid at the same
temperature. Thus the power of decomposition is reciprocal :

• I .hall place the most important part of Bergman's Table at the end of
this chapter, as it is frequently referred to.
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Book Hi but I place hydrogen first, because, when carburettcd hydro-
* v gen is mixed with an under proportion of oxygen, and fired

by means of electricity, the hydrogen combines with the oxy-

gen in preference to the carbon. Charcoal decomposes phos-

phoric acid at a red heat, and phosphorus decomposes carbo-

nic acid at the same temperature; but I place carbon first, be-

cause the phosphorus does not seem capable of decomposing

water like charcoal, and because its action on carbonic acid

requires to be facilitated by the presence of a base. Sulphur

does not seem to be capable of decomposing phosphoric acid,

but phosphorus acts to a certain extent upon sulphuric. Sul-

phur is known to decompose nitric acid, at least partially ; but

azote has no sensible action on sulphuric acid. Though chlo-

rine be placed last in order, it is known to be capable of sepa-

rating a certain portion of oxygen from nitric acid ; but ni-

trous gas when assisted by moisture converts chlorine into mu-
riatic acid. Such are the reasons for placing the simple com-

bustibles and incombustibles in the order of the preceding table.

II. OXYGEN AND ACID SOLUTIONS.

Metals from 1 . Zinc 6. Lead 11. f Palladium, Rhodium
•cM-oiu-

2> Iron ?4 Bfejnuth I Iridium, Osmium

3. Tin 8. Copper 12. Silver

4. Antimony 9. Platinum 13. Gold.

5. Arsenic 10. Mercury

This table exhibits the order in which the metals precipitate

each other in the metallic state from acid and alkaline solu-

tions. Zinc and iron throw down all the metals below them,

either in the metallic state, or in the state of a black powder,

as happens to antimony, arsenic, bismuth, and the four new

metals discovered in crude platina. Ritter has announced

that these black powders are combinations of the metals with

hydrogen. This assertion deserves to be verified. It would

be of considerable importance, in explaining the nature of the

precipitation, if it were to prove true. I am not certain whe-

ther antimony and arsenic precipitate the metals below them,

but they are acted on more speedily by tin than either lead or

copper. Lead precipitates copper. Bismuth and platinum

are inserted only from analogy. Copper throws down mer-

cury, and mercury silver and gold.

Mr. Sylvester has rendered it very probable that these pre-

cipitations are occasioned by the galvanic action of metals on
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euch other. It has been shown by Volta, that metals differ in ciiap. v.

the avidity with which they absorb electricity; and that when
V

v
'

two metals are placed in contact and separated, the one be-

comes p/us, and the other minus electrified. In this respect

they may be arranged in a regular series, zinc being at the one

extremity, and gold at the other ; all the metals which precede

having the property of changing to minus the electricity of all

the metals below them. Now, when metals are in different

states of electricity, it has been shown, that when placed pro-

perly they decompose water, and produce all the other pheno-

mena of galvanism. Mr. Sylvester has rendered it extremely

probable, that it is the hydrogen evolved that produces the re-

duction of the metal.* If this opinion be correct, the order

in which the metals precipitate each other ought to be precisely

that of their tendency to take electricity from each other.

Were we to endeavour to unite the two preceding tables into

one, these observations would indicate that hvdrogen ought

to be placed immediately after tin. Yet from the experiments

of Priestley, we know that hydrogen is capable of reducing

oxide of iron to the metallic state. Charcoal likewise decom-

poses the oxides of all metals; but, on the other hand, the

oxides of zinc, iron, tin, and some others, have the property

of decomposing carbonic acid. Phosphorus precipitates all

the metals below lead, and perhaps even some above it. Even
sulphur reduces most metallic oxides; but. many of them in

return decompose sulphuric acid when assisted by heat. Hence
the relative places of the simple combustibles and ineombus-

tibles cannot well be ascertained. Probably we shall not err

far il we place hydrogen after tin, carbon after antimony, phos-

phorus after lead, sulphur after copper, and azote and chlorine

after mercury. Were we to complete the table from analog)',

the refractory metals and manganese would be placed before

zinc, and nickel just before platinum : But such analogies are

very apt to mislead.

III. ACID SOLUTIONS.

1. Protoxide of iron 5. Oxide of manganese o»ide»from

2. Peroxide of silver 6. Oxide of lead ?

3. Red oxide of mercury 7. Peroxide of copper

4. Oxide of zinc 8. Peroxide of iron.

This table exhibits the order in which the metallic oxides pre-

* Nicholson's Jour. xiv. 0 i.
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book in. cipitate each other from those acid solutions in which they are
"-~v'~*"^

respectively soluble. It was drawn up from the experiments

of Gay-Lussac. The relative order of several of the oxides

is not quite certain, but they all precipitate peroxide of iron,

and most of them peroxide of copper : while this last throws

down peroxide of iron.*

IV. ACID SOLUTIONS.

Bases from i. Fixed alkalies
acidi. „

2. Barytes

3. Strontian

4. Lime

5. Ammonia
6. Magnesia

f Yttria

1 Glucina

8. Zirconia

9. Alumina

10. Metallic oxides.

This table represents the general order in which the bases pre-

cipitate each other from saline solutions; but there are many
exceptions. Berthollet has even made it probable, that the

order of precipitation varies with the proportion of the ingre-

dients used. He has demonstrated, that the precipitation is

rarely or never complete ; that the bases divide the acid sol-

vent between them in proportion to their relative quantities,

and to the quantity of each necessary to neutralize the acid.

It is obvious that all those cases must be excepted, in which

the acid and base or precipitant form an insoluble compound,

because then they precipitate in combination. I place the

fixed alkalies first, because, when muriate of barytes is dropped

into potash so pure that it occasions no muddiness in barytes

or lime water, a flaky precipitate constantly appears. No dif-

ference can be perceived in the action of potash and soda in

this respect. These alkalies do not precipitate one another.

Potash is placed first in the tables of Bergman, merely because

it forms with acids less soluble salts than soda ; and therefore

(as Berthollet has shown), when a saline solution containing

the two alkalies is evaporated, the salts of potash crystallize

first. It has not been proved that barytes precipitates stron-

tian and lime ; even if it did, it could never, with propriety,

be used as a precipitant of them. It is known that ammonia

never occasions a precipitate in the solutions of the three alka-

line earths that precede it in the table ; but it precipitates all

the bodies that follow it, if we except those metallic oxides

which it is capable of holding in solution.

How far magnesia is capable of precipitating the earths

placed below it in the table has not been examined ; but it is

* Ann. de Chim. xlix. 21.
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probable that it is, as it is capable of forming neutral salts with ch«p . v.

acids, which is not the case with them. The marked attrac-

tion which magnesia shows for alumina would perhaps prevent

it from taking the place of alumina : it would probably com-

bine and form with it a substance insoluble nearly in potash.

Zirconia is placed merely from analogy. Alumina is probably

thrown down, at least partially, by glucina, which forms with

acids a salt approaching more nearly to neutralization. Se-

veral of the metallic oxides precipitate ammonia; but the re-

lative power of the substances placed in the table below am-

monia is not of much importance, as they cannot well be em-

ployed, except indirectly, as precipitants.

The acids do not precipitate each other from bases; there- Acids do

fore no table can be given of them. Many of them have the u,V™h
P '"

property of forming with bases insoluble compounds. Such olh,'r -

acids separate bases from other acids, and precipitate with

them. It was from this circumstance that Bergman arranged

the acids In his tables ; but Berthollet has shown that the order

is in many cases hypothetical, and that the nature of the pre-

cipitates varies with the proportion.

I shall now give a table of those substances which have the

property of separating bodies cither partially or completely

from solutions, and which therefore are employed by chemists

to ascertain the presence of the respective bodies, or to deter-

mine their quantity. Such a table can comprehend only the

alkalies, earths, metallic oxides, acids, and a few other com-
pound bodies. The simple substances are in genera] too inti-

mately combined to admit of separation by such means.

V. GENERAL TABLE OF PRECIPITANTS.

I. Alknlie-. Pr< » ipitani-. . M

Potash Tartaric acid of »ik»H<.,

Soda O
Ammonia Fixed alkalies.

There are no substances known capable of precipitating the

filed alkalies. They are detected by separating other sub-
stances from them, combining them with acids, and ascertain-

ing the properties of the salts formed. Tartaric acid detects
potash in many cases, when dropped slowly into solutions con-
taining it. Tartar is formed, which, being nearly insoluble,

falls to the bottom in small crystals. Phosphoric acid forms
with potash a salt nearly insoluble in cold water, but yet it can-
not be used as a precipitant. We know of no substance ca-

5
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Book in. pablo of precipitating soda in this way. All the known salts
V

v of soda, except the filiate, oxalate, and camphorate, are very

soluble. Though ammonia does not precipitate, yet it becomes
perceptible by its odour, when solutions containing it are mixed
with a fixed alkali.

Alkaline 2. Alkaline earths. Precipitants.

*"tths
' Barytes Sulphuric acid

Strontian Sulphuric acid

Lime Oxalic acid

Magnesia Phosphoric acid.

All the alkaline earths are precipitated completely by the al-

kaline carbonates, and they are commonly used for the pur-

pose. The acids indicated in the table likewise precipitate

completely, provided they be combined with an alkaline base,

and the proper precautions be taken to remove bodies that

might impede the action. Sulphate of soda may be said to

precipitate barytes completely from all solutions : but it does

not act so powerfully upon strontian. Oxalate of ammonia

acts with nearly the same energy on lime, provided there be

no excess of acid present. But the oxalate of lime is soluble

in most acids. We have no good precipitant of magnesia ; it

is usually detected by separating the other bodies, and then

throwing it down by means of an alkali. Phosphoric acid has

been proposed by Dr. Wollaston. His method is ingenious.

He pours carbonate of ammonia (as nearly neutral as possible)

into the magnesian solution. No precipitate appears, because

the carbonic acid is sufficient to keep k in solution
; but, on

adding phosphate of soda, it falls down in an insoluble state

combined with the phosphoric acid.

Earths, 3. Earths proper. Precipilants.

Yttria Ammonia, ferrocyanate of potash

Glucina Ditto, . . . .ditto

Zirconia Ditto, hydrosulphuret of potash

Alumina Ditto, ditto.

All these earths are precipitated by the alkaline carbonates.

None of them has an appropriate precipitate by means of which

it is detected and separated. The separation is accomplished

by more complicated means. If the solution be in sulphuric

acid, indeed, alumina may be detected by means of potash,

crystals of alum gradually separating.
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4. Metallic oxides. Precipitant!. cha v-

f Sulphate of iron M^nte
**oW 1 Nitrate of mercury °»idCT-

Platinum Sal ammoniac

Silver Common salt

Mercury Common salt

Palladium .... Prussiate of mercury

Rhodium .... O ? ymc
Iridium Oj
Osmium O, Mercury

Copper O, Iron

Iron Succinate of soda, benzoate of soda

Nickel O, sulphate of potash

Tin Corrosive sublimate

Lead Sulphate of soda

Zinc O, alkaline carbonates

Bismuth Water, muriate of soda

Antimony .... Water, hydrosulphuret of potash

Tellurium .... Water
Arsenic Nitrate of lead

Cobalt O, alkaline carbonates

Manganese . . . Tartrate of potash

Chromium .... Nitrate of lead

Molybdenum . . O
Uranium .... Prussiate of potash, alkalies

Tungsten .... O, muriate of lime

Titanium .... Infusion of galls

Columbium . . . Zinc, infusion of galls

Cerium Oxalate of ammonia.

Almost all the metallic oxides may be thrown down either com-

pletely or partially by means of the alkalies, alkaline carbon-

ates, or alkaline earths. Hydrosulphuret of potash likewise

throws them almost all down ; but many of them have, besides,

particular precipitants, by means of which they may be sepa-

rated from solutions. The precipitants usually employed are

inserted in the preceding table.

The sulphate of iron throws down gold in the metallic state,

and is commonly employed to separate that metal, except when
the solution contains iron, and we wish to ascertain its quan-

tity ; in that case nitrate of mercury may be used.

Platinum is precipitated from nitro-muriatic acid in the state

of a yellow powder by sal ammoniac. This is the precipitant

6
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commonly employed, because the ammonio-muriate of plati-

num is easily decomposed by heat.

Silver is completely precipitated from almost all solutions by
common salt; the chloride of silver being insoluble in most
liquids. It is one of the best precipitants with which we are

acquainted.

Mercury is usually detected and separated by sublimation.

There is no good precipitant of it except when in the state of

protoxide ; then muriate of soda throws it down almost com-
pletely.

Dr. Wollaston has shown that palladium may be separated

from nitro-muriatic solutions by means of prussiate of mer-

cury. No good precipitant of rhodium is known. Dr. Wol-
laston obtained it in a separate state by means of common salt.

Neither do we know any good precipitant of iridium or os-

mium ; Mr. Tennant separated the first by means of zinc, and

the second by means of mercury.

No saline precipitant of copper sufficiently accurate for use

is known ; the metal is usually thrown down by means of a

plate of iron, or by sulphuretted hydrogen.

Succinate or benzoate of soda or ammonia have been used

with much advantage as a precipitant of iron.

No precipitant of nickel is known. Proust used sulphate of

potash to separate it from cobalt by means of repeated crys-

tallizations.

There is no good precipitant of tin : it may be thrown down,

however, pretty completely, by means of corrosive sublimate

Zinc is commonly employed to separate it from solutions.

Lead is thrown down very completely from its solutions by

sulphate of soda.

There is no good precipitant of zinc known. The method

employed by chemists, when they wish to obtain it from solu-

tions, is to separate, in the first place, all the earths and other

metallic oxides that may be present, and then to throw down

the zinc by means of an alkaline carbonate.

Bismuth is thrown down from its solution by water and by

muriate of soda. The white precipitate does not blacken when

exposed to the sun: neither is it soluble in nitric acid, which

sufficiently distinguishes it from chloride of silver.

Antimony is precipitated by water. Hydrosulphurct of pot-

ash or ammonia may be necessary in order to detect the metal

by the orange-coloured precipitate thrown down.
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Tellurium, as appears from Klaproth's experiments, is chap. v.

thrown down by water. We know but little of its precipitants.

Arsenic in the state of white oxide is imperfectly precipi-

tated by evaporation. Hydrosulphuret of potash throws it

down yellow ; but the best method of ascertaining its quantity

is to convert it into an acid, and then throw it down by means

of nitrate of lead.

We have no good precipitant of cobalt. When tartrate of

potash is put into a solution containing it, and set aside, red

rhomboidal crystals form in it spontaneously, consisting of co-

baltic tartrate of potash. This is not a bad way of obtaining

the metal nearly pure, but it does not separate all the cobalt.

Neither have we any good precipitant of manganese. Rich-

ter lias recommended tartrate of potash, which succeeds to a
certain extent, especially if the solution does not contain an

excess of acid

.

Chromium, when in the state of an acid, is thrown down by
nitrate of lead, or nitrate of mercury.

We have no good precipitant of molybdenum. By evapo-

ration, it falls down spontaneously from acids in the state of

an oxide.

Uranium is well characterized by the brown colour of the

precipitate by prussiatc of potash. The fixed alkalies throw
it down completely from its solutions in the state of a brown
powder.

We have no good precipitant of tungsten. It is usually ob-
tained separate by combining its oxide with ammonia, evapo-
rating to dryness, and then calcining.

Titanium is thrown down like coagulated blood by nut-galls;

columbium in the state of a white powder by a plate of zinc;
and cerium by oxalate of ammonia.

5. Acidi. Precipitant}. Acidf.

Sulphuric Muriate of barytes

Sulphurous Nitrate of lead

Phosphoric Muriate of lime

Carbonic Muriate of an alkaline earth

Fluoric Muriate of lime

Boracic Sulphuric acid

Nitric O
Acetic O
Benzoic Muriatic acid

Succinic Sulphate of iron

VOL. III. L
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Book HI. Acids. Precipilalion.
v-—V-'/

Moroxylic Acetate of lead

Camphoric O
Oxalic Muriate of lime

Mellitic Acetate of barytes

Tartaric Potash

Citric Acetate of lime

Saclactic Ditto

Malic O
Suberic Muriatic acid.

This part of the table requires scarcely any explanation.

When an alkali or neutral salt is indicated as a precipitant, the

acid falls down in the state of an insoluble salt; when an acid

is used, then the acid is precipitated in the state of small crys-

tals. When no precipitant is indicated, in that case the acid

forms no known insoluble salt, and is itself soluble in water.

When an acid forms an insoluble salt with any base, that

acid, or its salts, almost always has the property of separating

the base from the solutions which contain it. The base and

its salt act in the same way when mixed with solutions con-

taining the acid. Hence it is of importance to know the in-

soluble salts which the acids form with all the bases, because

then we can always foretel the effect of mixing saline solutions-

together. If any acid and base be present, capable of forming

an insoluble salt, they usually combine and precipitate. I

Table of shall, for that reason, insert the following table; it exhibits
the toiubi- ^ solubility of most of the salts hitherto examined. TheMy of salts. J

letter S indicates that the salt possesses a considerable degree

of solubility; the letter I, that it is not sensibly soluble; and

the letter L, that it is but little soluble, or possessed of a de-

gree of solubility not exceeding one or two per cent.
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Book itr. Several of these salts, however, although insoluble in water,

are still soluble in several saline or acid solutions. This pre-

vents the precipitation from appearing in all cases of mixture
as it otherwise Would.

SECT. III.

OF PRECIPITATION.

From the tables and observations contained in the preceding

section, it appears that certain substances only can be thrown
'down from solutions

; namely, the earths and metallic oxides

among the bases, and those acids which are nearly insoluble in

water; while the alkalies and soluble acids cannot be precipi-

tated at all. It remains for us to consider the state in which

the precipitates are obtained, and the way in which the}' are

produced.

According to the theory of elective attraction, a substance is

precipitated when its affinity for the solvent is less than that of

the precipitant. The precipitate therefore is pure ; and if a

sufficient quantity of the precipitant be employed, the preci-

pitation is complete. Berthollet has overturned this notion by
showing, that in all cases the acid is divided between the base

with which it is already combined, and the base employed as a

solvent, and that the quantity which unites to each depends

upon the affinity and the quantity employed. If the first base

Jiappens to be insoluble, the portion thus disengaged will of

course precipitate. B}f this separation the mass of the preci-

pitant is augmented relatively to that of the base precipitated.

It therefore acts with more energy. In this manner the quan-

tity of the first base thrown down is increased. But it has not

been proved, that by this method one substance is capable of

precipitating every atom of another; though in some cases the

decomposition is so nearly complete, that we may, without any

sensible error, consider it as such : as when pure potash or

soda is employed to throw down magnesia; op ammonia, to

throw down alumina or peroxide of iron. In other cases the

action is very limited. Thus potash does not seem capable of

throwing down barytes or strontian completely, nor ammonia

magnesia, from acid solutions.

B&etdf When the base to be precipitated is capable of forming an
insoiubiiiijr.

inso iuu ] c compound with an under proportion of the acid t©
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which it is combined, it is obvious that in that case the preci- c,i»p- T>

pitation will commence whenever the compound is reduced by
^"~v—"*

the action of the precipitant to that state of insolubility. Such

precipitations cannot consist of the pure bases
;
they must all

be in the state of subsalts. To know, therefore, whether a

precipitate be a pure base or not, we have only to be acquainted

with the nature of all the compounds which it is capable of

forming with the acid which holds it in solution. If they be

all very soluble, then we may conclude that the precipitate is

in the state of a pure base, or nearly so ; but if any of them
be insoluble, we may expect to find at least a part of the pre-

cipitate in the state of a subsalt. The alkaline earths scarcely

form insoluble subsalts, but alumina and many of the metallic

oxides possess that property. Hence, when alumina and se-

veral of the metallic oxides are precipitated from an acid, we
iind the precipitate still containing united to it a certain por-

tion of acid.

Several metallic oxides have such a tendency to form sub-

salts, that they are precipitated even by the affusion of water.

This is the case particularly with bismuth and antimony, and
with some of the oxygenized >alts of mercury.

The precipitation of the metals from solutions by other me- Pnafcfe.

tals has long puzzled chemists. Bcrthollet explained it by sup- S"
of

posing the precipitate to bean alloy. This certainly is true in

some cases, but it applies to the thin layer of the precipitate

only which is next the precipitating metal. Thus when zinc

precipitates copper, the layer next the cylinder of zinc always
contains some zinc. Probably the same remark applies when
copper is used to precipitate silver. But when iron precipi-
tates copper, I can detect no mixture of iron in the precipi-

tate, provided the iron has been polished and is not corroded
unequally. Mr. Sylvester's opinion, that the metallic preci-
pitates are always produced by the agency of galvanism, is

much more probable than any other yet stated. In that case
it is in reality hydrogen that reduces and precipitates the me-
tals in all cases. Hence they fall either pure, or in the state

of a hydroguret, according as the metals have the property of
combining with hydrogen or not.

When a base is employed to precipitate a soluble acid, the or acid.-

substance thrown down is always a compound consisting of
the acid united to the base employed. In this case, likc°the
preceding, the acid is sometimes completely separated, and
sometimes not, according to the energy of the base employed,
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Book in. and the degree of insolubility of the salt formed. The same
explanation applies as in the lirst case.

Precipita- When a neutral salt is employed as a precipitant, the sub-

<rai salts, stance which falls is always a compound. It is composed of

one of the ingredients of the precipitating salt united to one

ingredient of the salt in solution. Such salts alone can be em-
ployed as are known to form insoluble compounds with the

acid or base which we wish to throw down. In these cases

the separation is complete when the new salt formed is com-

pletely insoluble. Neutral salts perform the office of precipi-

tants in general, much more readily and completely than pure

bases or acids. Thus the alkaline carbonates throw down the

earths much more effectually than the pure alkalies, and sul-

phate of soda separates barytes much more rapidly than pure

sulphuric acid. This superiority is owing partly to the com-
bined action of the acid and base, and partly to the compara-

tively weak action of a neutral salt upon the precipitate, when
compared to that of an acid or alkali.

For the precipitation takes place, not because the salts are

insoluble in water, but because they are insoluble in the par-

ticular solution in which the precipitate appears. Now if this

solution happens to be capable of dissolving any particular

salt, that salt will not precipitate, even though it be insoluble

in water. Hence the reason why precipitates so often disap-

pear when there is present in the solution an excess of acid, of

alkali, &c.

Separation When different salts are mixed together, they separate either

from ioia-
spontaneously, or on evaporation, according to the order of

tions. their solubility. Those which are insoluble precipitate imme-

diately on the mixture, and those which are least soluble crys-

tallize first when the solution is evaporated. Potash forms with

sulphuric acid a salt much less soluble than sulphate of soda.

Hence the reason why it has been supposed to have a stronger

affinity for sulphuric acid, and by analogy for acids in general,

than soda: For if sulphate of soda be mixed with the greater

number of the salts of potash, sulphate of potash is obtained

by evaporation.

But in cases where two salts are mixed together, the result-

ing salts are much influenced by the proportions of the ingre-

dients. The same salts are not obtained if the ingredients be

mixed in one proportion that would be obtained if they were

mixed in another proportion. This will appear evidently from

the following experiments of Berthollet.
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The mother water, or the liquid which remains when mix- ch«P . r.

tares of salts are separated by crystal lization, always contains
,/
"~""

several salts, or rather their component parts, which are pre-

vented from crystallization by their mutual action on each

other. Hence the quantity of this mother water is always the

greater the more soluble the salts are; that is to sav, the less

disposition they have to crystallize.

Such is a short sketch of Bcrthollet's ingenious doctrine of

precipitation. For a more particular detail the reader is re-

ferred to the Statique Chimique.

SECT. IV.

OF VOLATILIZATION*.

We have seen, in the preceding section, that decomposition

is produced in consequence of the insolubility of some of the

ingredients. Bcrthollet has shown that it takes place equally

when some of the ingredients possess elasticity. Thus when
an acid is dropped into an alkaline carbonate, the carbonic

. acid assumes the gaseous form and flics off*, and thus the de-

composition is complete* In like manner, when an alkali is

dropped into sal ammoniac, the ammonia becomes clastic, and
is disengaged from the solution.

This separation, though precisely the reverse of the former, Easter

depends upon similar principles. When sulphuric acid is
tU*ki,J -

poured into carbonate of soda, the two acids divide the base
between them according to their affinity and quantity : but
when the proportion of base is diminished, a part of the car-
bonic acid is enabled to recover its elastic form. It flies off,

and thus diminishes the quantity, and of course the action of
the remaining carbonic acid. The sulphuric acid is enabled
to act with more energy ; it takes a greater proportion of base

;

more carbonic acid flics off. Thus the decomposition is gra-
dually completed, not because carbonic acid has a weaker affi-

nity for soda, but because it is clastic.

We may then lay it down as a general rule, that elastic acids
are displaced by fixed ones, provided they are capable of en-
during a sufficient degree of heat without decomposition.
Hence the reason that the decompositions by the dry way, as
it is called, that is, when the ingredients arc made to act upon
each other in a heat sufficient to produce fusion in one of them,
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Book in. arc very different from those produced when the substances are
V"""v*—^ made to act upon each other in water.

In like manner, ammonia is separated from acids by means
of the fixed alkalies and most of the earths, when a sufficient

heat is applied, and many of the metals separate sulphur from

mercurj'.

To these general laws, however, there are several exceptions.

They seem to depend upon the condensation of the elastic

fluid, upon the intimacy of its union with the other body, upon

the affinity of the substances employed to separate; all of which

have been investigated by Berthollet with his usual sagacity.*

TABLE
OF CHEMICAL DECOMPOSITIONS.

I. Phosphoric Malic
Alkalies. Saclactic Benzoic

Nitric

Muriatic

Acetic

BoracicSulphuricacid

Nitric Suberic Sulphurous

Muriatic Citric Nitrous

Phosphoric Tartaric Carhonic
Fluoric Arsenic Prussic

Oxalic Benzoic
Tartaric Acetic

Arsenic
Succinic

Citric

Boracic

Sulphurous
Nitrous

IV.
Magnesia.

Formic
Benzoic
Acetic

Carbonic
Prussic

Oxalic
Phosphoric
Sulphuric

Saclactic

Boracic
Sulphurous
Nitrous

in.
Lime.

Fluoric

Arsenic

Saclactic

Succinic

Nitric

M uriatic

Carbonic
Prussic

Oxalic
Sulphuric

Tartaric Tartaric

Succinic Citric

ir. Phosphoric Malic

Barytes and Saclatic Benzoic

Strontian. Nitric Acetic

M uriatic Boracic

Sulphuric Suheric Sulphurous

Oxalic Fluoric Nitrous

Succinic Ar»enic Carbonic

Fluoric Citric Prussic

V.
Alumina.

Sulphuric

Nitric

Muriatic

Oxalic
Arsenic

Fluoric
Tartaric

Succinic

Saclactic

Citric

Phosphoric
Benzoic
Acetic
Boracic

Sulphurous

Nitrous

Carbonic
Prussic

VI.
Oxide of
Gold.

Tartaric

Plio-phoric

Prussic

VII.
Oxide of
Silver.

Muriatic acid

Oxalic
Sulphuric

Saclactic

Phosphoric
Sulphurous
Nitric

Arsenic

Fluoric

Tartaric

Citric ^
Formic
Acetic

Succinic

Prussic

Carbon.

o

Muriatic acid

Nitric

Sulphuric

Arsenic

Fluoric

VIII.
Oxide of
Mf.rcdrt.

Muriatic

* Statique Chimique,i. 308.
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Oxalic
Succinic

Arsenic
Phosphoric

Sulphuric

Saclactic

Tartaric

Citric

Sulphurous

Nitric

Fluoric

Acetic
Uoracic
Prussic

Carbonic

\f H ii »1 1 |f% \f urinliri*i ii i little (

< 1 1 1 1 \ Ii 1 1 r I c.~ 11 1 1MI U 1 1 1> Saclactic
!

j

1 . : i . l
I

N itric :

c
Nitric Tartaric1 III tui • v

X HUB I mi* * i it- Phosphoric i
1 1 1 1 . . i * p Citric
Cn 1 n ^ t Iff5 a lac l IC *niipi" \ n i c !

Cil/^rtllllPOllt C 1 1HL PInone
f^i # rip Arsenic Ii

1 ormic V\a rmic
1 Ul 1 1 1 k

Acetic A celic

Arsenic Boracic

Uoracic Prussic

Prussic Carbonic

Carbonic

Fluoric

Formic
Arsenic

Acetic

Prussic

Arsenic
Oxalic
Sulphuric

Muriatic
Nitric

Acetic

Sulphuric
Acid.

IX.
Oxide of

Copper.

Oxalic acid

Tartaric

Muriatic

Sulphuric

Saclactic

Nitric

Arsenic
Phosphoric
Succinic

Fluoric

Citric

Formic
Acetic
Boracic
Prussic

Carbonic

XII.
Oxide op
TlN.

XV.
Oxide op
Bismuth.

Tartaric acid

Muriatic
Sulphuric

Oxalic

Arsenic
Phosphoric

Nitric

Succinic

Fluoric

Saclactic

Citric

Formic
Aceiic

Boracic
Prussic

X.
Oxide op

I RON.

Oxalic acid

Arsenic

Tartaric

Phosphoric
Sulphuric
Muriatic

Benzoic

N itric

Fluoric

Saclactic

Succinic

Citric

Formic
Aceiic

Prussic

Carbonic

XIII.
Oxide op

Lead.

XVIII.
Oxide op

Curalt.

Oxalic acid

Muriatic

Sulphuric

Tartaric

Nitric

Phosphoric
Fluoric

Saclactic

Succinic

Citric

Formic
Acetic

Arsenic
Boracic
Prussic

Carbonic

XVI.
Oxide op

a.n'ti won t

.

Sulphuric acid

Oxalic acid Saclactic

Tartarous Oxalic

Camphoric Arsenic

Sulphuric Tartaric

Saclactic Muriatic

Muriatic Phosphoric
Nitric Sulphurous
Phosphoric Suberic
Arsenic Nitric

Fluoric Fluoric

Succinic Citric

Citric Formic
Formic Acetic

Acetic Boracic

Boracic Prussic

Prussic

Carbonic
Carbonic

XIV.
XI. Oxide op

Oxide op Zinc.
Nickel.

Oxalic acid
Oxalic acid Sulphuric

Muriatic ac

Benzoic
Oxalic
Sulphuric

Nitric

Tartaric

Saclactic

Phosphoric-

Citric

Succinic

Fluoric

Arsenic
Formic
Acetic

Boracic

Prussic

Carbonic

'••[Oxalic acid

Citric

Phosphoric
Tartaric

Fluoric

I Muriatic

Sulphuric

!
Nitric

Saclactic

Succinic

jTartaric

Formic
Acetic

Prussic

Carbonic

XVII.
Oxide of
Arsenic

Muriatic acid

XX.
Oxide op
Titanium.

Phosphoric
acid

Barytes
Strontian

Potash
Soda
Lime
Maguesia
Ammonia
Glucina
Yttria

Alumina
Zirconia

XXII.
SuLPUUKOLt

Acin.

XIX.
Oxide of

Manganese.

Bar y tes

Lime
Potash
Soda
Strontian

Magnesia )

|
Ammonia

|

Glucina
Alumina
Zirconia

XXIII.
Phosphoric

Acid.

Barj tes

Strontian

Lime
Potash
Ssda
Ammonia
Magnesia
Glucina
Alumina
Zirconia

XXIV.
Phosphorous

Acid.

Lime
Barytes

Strontian
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Potash
Soda
Ammonia
Glucina
Alumina
Zirconia

xxvir.
XXVIII.
Muriatic

and
Acetic Acids.

Barytes

Stontiaii

Magnesia
Potasli

Soda
Ammonia
Glucina
Alumina
Zirconia

XXXVI.
Benzoic
Acid.

XXXIX.
Suberic
Acid.

Potash

Soda
Ammonia
Barytes
Lime
Magnesia
Alumina

Barytes
Potash
Soda
Lime
Ammonia
Magnesia
Alumina

Barytes
Potash
Soda
Strontian

Lime
Ammonia
Magnesia
Glucina
Alumina
Zirconia

XXV.
Carbonic
Acid.

XXXIV.
Oxalic Acid. XXXVII.

Succinic

Acid.

XL.
Prussic
Acid.

Barytes
Strontian

Lime
Potash
Soda
Magnesia
Ammonia
CilurinaV A LI 1. 1 111.

Zirconia

Lime
Barytes
Strontian

Magnesia
Potash
Soda
Ammonia
Alumina

XXIX.
Chlorine.

Barytes
Lime
Potash
Soda
Ammonia
ivj ciguesi.i

Alumina

Barytes
Strontian

Potash
Soda
Lime
\l T ITU f»C 1 1

Ammonia

Potash
Soda
Barytes

XXVI.
Nitric Acid.

Strontian

Lime
Ammonia
Magnesia
Alumina

XXXV.
Citric Acid.

XXXVIII.
Camphoric

Acid.

XLI.
Fixed Oils.

Barytes
Potash
Soda
Strontian

Lime
Magnesia
Ammenia
Glucina
Alumina
Zirconia

XXX. XXXI.
XXXII.
XXXIII.
Fluoric,
Boracic,

Arsenic, and
Tungstic
A.CIDS.

Lime
Barytes
Strontian

Magnesia
Potash
Soda
Ammonia
Alumina
Zirconia

Lime
Barytes
FixedAlkalies
Magnesia
Ammonia
Oxide of mer-

cury
Other metallic

oxides

Alumina

Lime
Potash
Soda
Barytes
Ammonia
Alumina
Magnesia

Lime
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PART II.

CHEMICAL EXAMINATION OF NATURE.

HAVING, in the first part of this work, given a very full de-

tail of the principles of Chemistry, and a description of the

different Substances with which it is necessary for the Chemist

to be acquainted, I propose, in this Second Part, to take a

view of the different substances as they exist in nature, con-

stituting the material world, that we may ascertain how far the

science of chemistrv will contribute towards explaining their

nature, and accounting for the different changes which they

produce on each other. Now the different substances of which

the material world, as far as we have access to it, is composed,

may be very conveniently arranged under the five following

heads

:

1. The Atmosphere. 3. Minerals. 5. Animals.

2. Waters. 4. Vegetables.

These five divisions will form the subject of the five follow-

ing books.

BOOK I.

OF THE AT.MOSl'HI'.llE.

The atmosphere is that invisible elastic fluid which sur- Booki.

rounds the earth to an unknown height, and encloses it on all
V"~v*""

sides. It received its name from the Greeks, in consequence
of the vapours which arc continually mixing with it. When
the chemist turns his attention to the atmosphere, his object is to

determine the constituents of which it is composed. This will

occupy our attention accordingly in the following chapter.
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CHAP. I.

COMPOSITION OF THE ATMOSPHERE.

chap. t. Neither the properties nor the composition of the atmos-

o^toUT^r Pnere seem to nave occupied much of the attention of the an-
theancients. cients. Aristotle considered it as one of the four elements, si-

tuated between the regions of water and fire, and mingled

with two exhalations, the dry and the moist ; the first of which

occasioned thunder, lightning, and wind ; while the second

produced rain, snow, and hail. The ancients, in general, seem

to have considered the blue colour of the sky as essential to

the atmosphere; and several of their philosophers believed

that it was the constituent principle of other bodies, or at least

that air and other bodies are mutually convertible into each

other.* But these opinions continued in the state of vague con-

jectures, till the matter was explained by the sagacity of Hales,

and of those philosophers who followed his illustrious career.

Discoveries It was not till the time of Bacon, who first taught mankind
of the mo
d«ns?

m°"
to investigate natural phenomena, that the atmosphere began

to be investigated with precision. Galileo introduced the study

by pointing out its weight ; a subject which was soon after in-

vestigated fully by Torricelli, Paschal, &c. Its density and

elasticity were ascertained by Boyle and the Florence Acade-

micians. Mariotte measured its dilatibility
; Hook, Newton,

Boyle, Derham, pointed out its relation to light, to sound, and

to electricity. Newton explained the effect produced upon it

by moisture ; from which Halley attempted to explain the

changes in its weight indicated by the barometer. But a com-

plete enumeration of the discoveries made upon the atmos-

phere in general belongs to pneumatics ; a science which treats

professedly of the mechanical properties of air.

The knowledge of the component parts of the atmosphere

did not keep pace with the investigation of its mechanical pro-

perties. The opinions of the earlier chemists concerning it

are too vague and absurd to merit any particular notice. Boyle,

*Thus Lucretius :

Semper enim quodcunque fluit de rebus, id omne

Aeris in magnum fertur mare : qui nisi contra

Corpora rctribuat rebus, recreetque lluenteis,

Omnia jam resoluta forent, et in aera versa.

Hand igitur cessat gigni de rebus et in res

Recidere assiduc, quoniam flucre omnia constat. Lib. v. 17i.
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however, and his contemporaries, put it beyond doubt that the c&»p- r.

atmosphere contained two distinct substances. 1. An elastic c^^f
fluid distinguished by the name of air. 2. Water in the state Parts

D » . _ _ atmosphere.

of vapour. Besides these two bodies, it was supposed that the

atmosphere contained a great variety of other substances,

which were continually mixing with it from the earth, and

which often altered its properties, and rendered it noxious or

fatal. Since the discovery of carbonic acid gas by Dr. Black,

it has been ascertained that this elastic fluid always constitutes

a part of the atmosphere. The constituent parts of the at-

mosphere therefore are,

1. Air. 3. Carbonic acid <ras.

2. Water. 4. Unknown bodies.

These shall form the subject of the four following Sections.

But before proceeding to ascertain their properties, and the

proportion in which they exist in air, it will be worth while to

endeavour to calculate the amount of the whole of the atmos-
phere which surrounds the earth. This will put it in our power
to state the amount of its different constituent parts, and of

course to see how far the quantities of each agree with the dif-

ferent chemical theories which have been maintained concern-

ing the influence of these bodies on the different kingdoms of
nature.

Mechanical philosophers have demonstrated, that the weight itnb*>iUte

of a column of the atmosphere, whose base is an inch square,
qu*ntit'-

is equal to a column of mercury of the same base, and balanced
by the atmosphere in the barometrical tube. Now let us sup-
pose the mean height of the barometer to amount to nearly 30
inches. Let R denote the radius of the earth, r the height
of the mercury in the barometer, * the ratio between the cir-

cumference of a circle and its diameter. The solidity of the

earth is —-— j the solidity of the sphere composed of the

earth, and a quantity of mercury surrounding it equal to the

weight of the atmosphere, is
4?r(R

3

+ rP
- Consequently the so-

lidity of the hollow sphere of mercury equal to the weight of the

atmosphere is *Z&Ul — = 4 ?r (R- r + r- R + £),
or, neglecting the terms containing r- and r\ 4 it R!

r. This
formula, by substituting for R-, and r, their known values,
S'ves the solidity of the hollow sphere of mercury in cubic
ieet. But a cubic foot of mercury is nearly equal" to 13500

vol. in. M
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avoirdupois ounces. Hence the mean weight of the atmos-
phere amounts to about 1,91 1,163,227,258,181, 818lbs. avoir-

dupois.

SECT. I.

OF AIR.

The word air seems to have been used at first to denote

the atmosphere in general; but philosophers afterwards re-

stricted it to the elastic fluid, which constitutes the greatest and
the important part of the atmosphere, excluding the water and
the other foreign bodies which are occasionally found mixed
with it. For many years all permanently elastic fluids were

considered as air, from whatever combinations they were ex-

tricated, and supposed to possess exactly the same properties

with the air of the atmosphere. It is true, indeed, that Van
Helmont suspected that elastic fluids possessed different pro-

perties ; and that Boyle ascertained that all elastic fluids are

not capable of supporting combustion like air. But it was not

till the discoveries of Cavendish and Priestley had demon-
strated the peculiar properties of a variety of elastic fluids,

that philosophers became sensible that there existed various

species of them. In consequence of this discovery, the word

air became generic, and was applied by Priestle}', and the Bri-

tish and Swedish philosophers in general, to all permanently

elastic fluids, while the air of the atmosphere was distinguished

by the epithets of common or atmospheric air : but Macquer

thought proper to apply the term gas, first employed by Van
Helmont, to all permanently elastic fluids except common air,

and to confine the term air to this last fluid. This innovation

was scarcely necessary ; but as it has now been generally

adopted, it will be proper to follow it. By the word air, then,

in this section, I mean only common air, or the fluid which

forms by far the greatest part of the atmosphere.

The foreign bodies which are mixed or united with air in

the atmosphere arc so minute in quantity compared to it, that

they have no very sensible influence on its properties. We
may, therefore, consider atmospheric air, when in its usual

state of dryness, as sufficiently pure for examination.

1. Air is an elastic fluid, invisible indeed, but easily recog-

nized by its properties. Its specific gravity, when the baro-

meter is at 30 inches, and the thermometer at 60°, is usually
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reckoned 1*000 : it is S2S times lighter than water. One hun- chap, i.

tired cubic inches of air weigh 30'5 grains troy, according to

the experiments of Sir George Shuckburgh.

But as air is an clastic fluid, and compressed at the surface Density,

of the earth by the whole weight of the incumbent atmosphere,

its density diminishes according to its height above the surface

of the earth. From the experiments of Pascal, Deluc, Ge-
neral Roy, &c. it has been ascertained, that the density dimi-

nishes in the ratio of the compression. Consequently the

density decreases in a geometrical progression, while the

heights increase in an arithmetical progression.

Bougucr has suspected, from his observations made on the

Andes, that at considerable heights the density of the air is no

longer proportional to the compressing force;* but the expe-

riments of Saussure, junior, made upon Mount Hose, have de-

monstrated the contrary .f

2. Although the sky is well known to have a blue colour, colour,

yet it cannot be doubted that air itself is altogether colourless

and invisible. The blue colour of the sky is occasioned by
the vapours which arc always mixed with air, and which have

the property of reflecting the blue rays more copiously than

any other. This has been proved by the experiments which
Saussure made with his CtftOtOBU ti r at different heights above
the surface of the earth. This instrument consisted of a cir-

cular band of paper, divided into .51 parts, each of which was
painted with a different shade of blue; beginning with the

deepest mixed with black, to the lightest mixed with white.

He found that the colour of the sky alwavs corresponds with

a deeper shade of blue the higher the observer is placed above
the surface; consequently, at a certain height, the blue will

disappear altogether, and the sky appear black ; that is to say,

will reflect no light ut all. The colour becomes always lighter

in proportion to the vapours mixed with the air. Hence it is

evidently owing to them.t

3. For many ages air was considered as an element or sim- comP<»i-

ple substance. For the knowledge of its component parts we
tU°'

are indebted to the labours of those philosophers in whose
hands chemistry advanced with such rapidity during the last
iorty years of the 18th century. The first step was made by
J)r. Priestley in 1771, by the discovery of oxygen gas. This

• Mem. Par. 1753, p. 51.5. f Jour, de Phys. xx.tvi. 98.
J Saussure, Voyages dans les Alpes, iv. 288.

M 2
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Book r. gas, according to the prevailing theory of the time, he consi-

—v tiered as air totally deprived of phlogiston ; azotic gas, on the

other hand, was air saturated with phlogiston. Hence he

considered common air as oxygen gas combined with an in-

definite portion of phlogiston, varying in purity according to

that portion
;
being always the purer the smaller a quantity of

phlogiston it contained.

While Dr. Priestley was making experiments on oxygen
gas, Scheele proceeded to the analysis of air in a different man-
ner. He observed that the liquid sulphurets, phosphorus, and
various other bodies, when confined along with air, have the

property of diminishing its bulk ; and this diminution always

amounts to a certain proportion, which he found to be between

a third and a fourth part of the whole. The residuum was

unfit for supporting flame, and was not diminished by any of

the processes which diminish common air. To this residuum

he gave the name of foul air. From these experiments, he

concluded that air is a compound of two different elastic fluids

:

namely, foul air, which constitutes more than two thirds of

the whole, and another air, which is alone capable of support-

ing flame and animal life. This last air he extricated from

nitre by heat, from the black oxide of manganese, and from

other substances, and gave it the name of empyreal air. He
showed that a mixture of two parts of foul air and one part of

empyreal air possesses the properties of common air.*

The foul air of Scheele was the same with the phlogisticated

air of Priestley, or with what is now known by the name of

azotic gas. His empyreal air is the same with the dephlogis-

ticated air of Priestley, or with what is at present called oxy-

gen gas. According to him, therefore, air is a compound of

two parts of azotic and one part of oxygen gas. He accounted

for the diminution of air by the liquid sulphurets and other

similar bodies by his theory of the composition of caloric,

which he considered as a compound of phlogiston and oxygen

gas. According to him, the phlogiston of the sulphuret com-

bines with the oxygen of the air, and passes through the ves-

sels in the state of caloric, while the azotic gas, which has no

affinity for caloric, is left behind.

While Scheele was occupied with his experiments on air,

Lavoisier was assiduously employed on the same subject, and

was led by a different road to precisely the same conclusion as

* Scheele on Air and Fire, p. 7.&C. Eng. Trans.
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Scheele. By oxidizing mercury in a vessel filled with com-

mon air, and heated to the boiling point of mercury, he ab-

stracted the greater part of its oxygen gas ;
and by heatmg the

red oxide thus formed, he reconverted it into mercury, wlule

at the same time a quantity of oxygen gas was extricated.

The residuum in the first experiment possessed the properties

of azotic gas 5 but when the oxygen gas extricated from the

mercury was added to it, the mixture assumed again the pro-

perties of common air. Hence he concluded that air is com-

posed of azotic gas and oxygen ; and from a variety of expe-

riments he determined the proportions to be 73 parts of azotic

gas and 27 parts of oxygen gas. 1 k demonstrated, too, that

when air is diminished by liquid sulphurets, metals, ixc. the

oxygen gas which is abstracted combines with the sulphurets,

&c. and converts them into acids or oxides according to their

respective natures. But as all these experiments have been al-

ready detailed in the first part of this work, it is unnecessary

to be more particular in this place.

Air, then, is a compound of oxvgen and azotic gas : but it Air com.

becomes a question of considerable consequence to determine 0i jern and

the proportion of these two ingredients, and to ascertain whe-"otieKM-

ther that proportion is in cvei y case the same. Since azotic

gas, one of the component parts of that fluid, cannot be sepa- v

ra£ed bv anv substance with which chemists are acquainted,

the analysis of air can only be attempted by exposing it to the

action of those bodies which have the property of absorbing

its oxygen. By these bodies the oxygen gas is separated, and

the azotic gas is left behind, and the (proportion of oxygen

may be ascertained by the diminution of bulk ; which being

once known, it is easy to ascertain the proportion of azotic

gas, and thus to determine the exact relative quantity of the

component parts of air.

After the composition of the atmosphere was known to phi- Methodof

losophers, it was taken for granted that the proportion of Us alljiijij

oxvm.11 varies at different times and in different places; and "on Jf

.0 component

that upon this variation depended the purity or noxious qua- pad*

lities of air. Hence it became an object of the greatest im-

portance to get possession of a method to determine readily

the quantity of oxygen in a given portion of air. Accordingly

various methods were proposed, all of them depending upon

the property whieh many bodies possess, of absorbing the oxy-

gen of the air without acting upon its azote. These bodies

were mixed with a certain known quantity of atmospheric air
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in graduated glass vessels inverted over water, and the proper-ty of"oxygen was determined by the diminution of&Ihese instruments received the name of eudiometers, becamethey were considered as measures of the purity of a r Theeiichometers proposed by different chemj ma/ be reduced to

SSSJ pj;s

(

?? ** eu^omoter was made in consequence of Dr.
a„a Fon.

Pnestley s discovery, that when nitrous gas is mixed with ah'over water the bulk of the mixture diminishes rapidlv,
sequence of the combination of the gas with the oxygen of the
air and the absorption of the nitric acid thus formed by the
water. When nitrous gas is mixed with azotic gas, no dimi-
nution at all takes place. When it is mixed with oxygen ffasm proper proportions, the absorption is complete. Hence it
is evident, that in all cases of a mixture of these two gases the
diminution will be proportional to the quantity ef the oxygen.
Ui course it will indicate the proportion of oxygen in air • and
by mixing it with different portions of air, will indicate the

-different quantities of oxygen which they contain, provided
•the component parts of air be susceptible of variation. Dr.
^ nestley's method was to mix together equal bulks of air and
nitrous gas in a low jar, and to" transfer the mixture into a
narrow graduated glass tube about three feet long, in order to
measure the diminution of bulk. He expressed this diminu-
tion by the number of hundred parts remaining. Thus, sup-
pose he had mixed together equal parts of nitrous gas and air,

the sum total «

0f tn js m ixture was 200 (or 2-()0) : suppose the
residuum *^nen measured in the graduated tube to amount to

\or l'O*), and of course that 96 parts of the whole had

disappeared, he denoted the purity of the air thus tried by 10i.

A more convenient instrument was invented by Dr. Falconer

of Bath ; and Fontana greatly improved this method of mea-

suring the purity of air. A description of his eudiometer was

published by Ingcnhousz in the first volume of his Experi-

improveiiby ments ; but it was Mr. Cavendish who first brought this eudi-
CavendMh. ome j_cr fQ such a state of precision as to be enabled to ascer-

tain correctly the constituents of air. His method was to put

125 measures of nitrous gas into a glass vessel, and to let up

into it very slowly 100 measures of the air to be examined,

affitatinc! the vessel containing the nitrous fjas during the whole

time. The diminution of bulk when the process was conducted

in this way was almost uniform. The greatest was 110, the

least 10G-8; the mean 108'2. The variation he found to de-
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pend, not upon the air examined, but upon the state of the ciisp. i.

water in which the experiment was made. If the experiment
~

was reversed, by letting up the nitrous gas to common air, he

used 100 measures of each, and the diminution in that case

was only 90 measures.

This constancy in the diminution of the bulk of all the dif-

ferent specimens of common air examined, induced Mr. Ca-

vendish to conclude that the proportion between the oxygen

and azote in common air docs not vary. To find the absolute

quantity of oxygen in air, he mixed together oxygen gas and

azote in various proportions, and at last found that a mixture

of 10 measures of the purest oxygen which he could procure

with 38 measures of azote, was just as much diminished by ni-

trous gas as the same bulk of common air. Hence he con-

cluded that air is composed of 10 parts by bulk of oxygen and
38 of azote, which gives us for its composition per cent.

79*16 azote

20*82 oxveren

100-00

or very nearly 21 per cent, of oxygen gas.*

Other philosophers, who did not pay that rigid attention to Diiion*.

precision which characterises all Mr. Cavendish's experiments,
n*thod*

obtained variable results from the nitrous gas eudiometer.
Most of the circumstances which occasion the variation were
pointed out by Cavendish ; but they seem to have escaped the
observation of succeeding chemists. Humboldt's attempt to
render the eudiometer of Fontana accurate did not succccd.+
But Mr. Dalton has explained the anomalies in a very lumi-
nous manner. According to this philosopher, oxygen gas and
nitrous gas are capable of uniting in two proportions: 21
measures of oxygen gas uniting cither with 36 measures of ni-
trous gas, or with twice 36, = 72 measures. Both of these
compounds are soluble in water. If the tube be wide, a con-
siderable portion of nitrous gas comes at once in contact with
the oxygen. Hence the latter gas combines with a maximum
ol nitrous gas, especially if agitation be employed. In a narrow
tube the oxygen combines with the minimum of nitrous gas,
provided no agitation be employed, and the residue be poured
soon into another vessel. When intermediate proportions are

• Pitt. Trans. 1783, p. 107. | Aun. xxvii.
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^
used, the absorption will be intermediate. Mr. Dalton recom-
mends a narrow tube ; the nitrous gas is to be only in the pro-

portion requisite to form the minimum combination; no agi-

tation is to be employed ; and when the diminution is com-
pleted, the gas must be transferred to another tube. To 100
measures of air add about 36 of nitrous gas ; note the dimi-

nution of bulk, and multiply it by T̂ ; the product gives the

bulk of oxygen in the air examined.*

I have made many experiments on this subject; but have

not obtained results agreeing with each other. Sometimes the

multiplier is -j^ = 0'3684 ; while sometimes it is as high as

= 0*42.

naTj'ame- In order to get rid of the anomalies which had perplexed

former experimenters, Davy proposed to employ the nitrous gas

in a different state. He caused sulphate or muriate of iron to

absorb this gas to saturation, and employed the dark brown

liquid thus obtained to deprive air of its oxygen. A small gra-

duated glass tube, filled with the air to be examined, is plunged

into the nitrous solution, and moved a little backwards and for-

wards. The whole of the oxygen is absorbed in a few minutes.

The state of greatest absorption ought to be marked, as the

mixture afterwards emits a little gas, which would alter the re-

sult. By means of this, Davy examined the air at Bristol,

and found it always to contain about 0'21 of oxygen. Air

sent to Dr. Beddoes from the coast of Guinea gave exactly the

same result.

This method of Davy gives constant results; but unless the

weather be hot it is a very tedious method. When the ther-

mometer stands between 40° and 50°, three or four days are

requisite before the liquid is able to absorb the whole of the

oxygen from a given bulk of air.

2. For the second kind of eudiometer we are indebted to

schceie. Scheele. It is merely a graduated glass vessel, containing a

given quantity of air exposed to newly prepared liquid alka-

line or earthy sulphurets, or to a mixture of iron filings and

sulphur, formed into a paste with water. These substances

absorb the whole of the oxygen of the air, which converts a

portion of the sulphur into an acid. The oxygen contained

in the air thus examined is judged of by the diminution of

bulk which the air has undergone. This method is not only

exceedingly simple, but it requires very little address, and yet

Method of

* Dalton, Phil. Mag. xxviii. 351.
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is susceptible of as great accuracy as any oilier whatever. The cuap. i.

only objection to which it is liable is its slowness; for when
V

s/~~*

the quantity of air operated on is considerable, several days

elapse before the diminution has reached its maximum.

But this objection has been obviated by Mr. De Marti, who Improved

has brought Scheele's eudiometer to a state of perfection. He
JjjJjJ

found that a mixture of iron filings and sulphur docs not an-

swer well, because it emits a small quantity of hydrogen gas,

evolved by the action of the sulphuric acid formed upon the

iron ; but the hydrogurcttcd sulphurets, formed by boiling to-

gether sulphur and liquid potash or lime water, answered the

purpose perfectly. These substances, indeed, when newly pre-

pared, have the property of absorbing a small portion of azotic

gas; but they lose this property when saturated with that gas,

which is easily effected by agitating them for a few minutes

with a small portion of atmospheric air. His apparatus is

merely a glass tube, ten inches long, and ratlin- less than half

an inch in diameter, open at one end, and hermetically scaled

at the other. The close end is divided into 100 equal parts,

having an interval of one line between each division. The use

of this tube is to measure the portion of air to be employed in

the experiment. The tube is filled with water ; and by allow-

ing the water to run out gradually while the tube is inverted,

and the open end kept shut with the finger, the graduated
part is exactly filled with air. These hundred parts of air are

introduced into a glass bottle filled with liquid sulphurct of
lime previously saturated with a/otic gas, and capable of hold-

ing from two to four times the bulk of the air introduced.

The bottle is then to be corked with a ground glass stopper,

and agitated for five minutes. After this the cork is to be « ith-

di awn while the mouth of the phial is underwater; and for the

greater security, it may be corked and agitated again. After
this, the air is to be again transferred to the graduated glass

tube, in order to ascertain the diminution of its bulk.*

Air examined by this process suffers precisely the same
diminution in whatever circumstances the experiment! are
made: no variation is observed whether thS wind be high or
low, or from what quarter soever it blows; whether the air
tried be moist or dry, hot or cold ; whether the barometer be
high or low. Neither the season of the year, nor the situa-
tion of the place, its vicinity to the sea, to marshes, or to

• Jour, de Pliys.lii. 176.
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Book i. mountains, make any difference. Mr. De Marti found the
V

v
' diminution always between 0'2i and 0*23.

Eudiometer 3. The third kind of eudiometer was proposed by Volta.
or voita. The substance employed by that philosopher to separate the

oxygen from the air was hydrogen gas. His method was to

mix given proportions of the air to be examined and hydro-

gen gas in a graduated glass tube; to fire the mixture by an
electric spark; and to judge of the purity of the air by the

bulk of the residuum. This method has been lately examined

by Gay-Lussac and Humboldt. They have found it suscep-

tible of great precision. It is one of the simplest and most

elegant methods of estimating the proportion of oxygen in

air. When 100 measures of hydrogen are mixed with 200,

or any greater bulk of oxygen, up to 900 measures, the dimi-

nution of bulk after denotation is always ] 46 measures. The
same diminution is obtained if the hydrogen be increased up
to a certain quantity. The result of their trials is, that 100

measures of oxygen gas require 200 of hydrogen for complete

combustion, which coincides very well with the trials pre-

viously made in this country. Hence the method of using

this eudiometer is very simple: Mix together equal bulks of

the air to be examined and of hydrogen gas, ascertain the

diminution of bulk after combustion, divide it by three, the

quotient represents the number of measures of oxygen in the

air. A great number of trials, in different seasons of the year,

of mixtures of 200 measures of air and as much hydrogen,

gave almost uniformly a diminution of bulk amounting to

126 measures. Now the third of 126 is 42, the quantity of

oxygen in 200 measures of air. Hence 100 parts of air, ac-

cording to these trials, contain 21 of oxygen.*

Eudiometer In the fourth kind of eudiometer, the abstraction of the

of Berthoi- oxygen of air is accomplished by means of phosphorus. This

eudiometer was first proposed by Achard.f It was consider-

ably improved by lleboul, J and by Scguin and Lavoisier; §

but Berthollet
||
brought it to a state of perfection.

Instead of the rapid combustion of phosphorus, this last

philosopher has substituted its spontaneous combustion, which

absorbs the oxygen of air completely ; and when the quantity

of air operated on is small, the process is over in a short

* Jour, de Phys. lx. 129. t IWjL 1784, vol. i.

X Ann. de Cliim. xiii. 38. § Ann. de Chirn. ix. 293.

||
Ibid, xxxiv. 73. and Jour, de l'Ecole PoWtechn. L iii. 274.
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time. The whole apparatus consists in a narrow graduated thaP'

t

tube of "lass containing the air to be examined, into which

is introduced a cylinder of phosphorus fixed upon a glass

rod, while the tube stands inverted over water. The phos-

phorus should be so long as to traverse nearly the whole of

the air. Immediately white vapours rise from the phosphorus

and fill the tube. These continue till the whole of the oxy-

gen combines with phosphorus. They consist of phosphorous

acid, which falls by its weight to the bottom of the vessel,

and is absorbed by the water. The residuum is merely the

azotic gas of the air, holding a portion of phosphorus in so-

lution. Bcrthollct has ascertained, that by this foreign body
its bulk is increased T'-th part. Consequently the bulk of the

residuum, diminished by^ gives us the bulk of the azotic

gas of the air examined ; which bulk, subtracted from the

original mass of air, gives us the proportion of oxygen gas

contained in it.*

All the different experiments which have been made by
means of this eudiometer agree precisely in their result, and
indicate that the proportions of the ingredients of air are

always the same; namely, about 0*21 parts of oxygen gas,

and 0*79 of azotic gas. Berthollet found these proportions

in Egypt and in France, and I have found them constantly

in Edinburgh and in London, in all the different seasons of

the year.

Thus it appears, that whatever method is employed to ab-

stract oxygen from air, the result is uniform, provided the

experiment be precisely made. They all indicate that com-
mon air consists very nearly of SI parts of oxygen and 7!> of

azote. Schcele and Lavoisier found 27 per cent, of oxygen,
but their methods were not susceptible of precision. Air,

then, does not vary in its composition; the proportion between
its constituents is constant in all places and in all heights.

Gay-Lussnc examined air brought from the height of more
than 21,000 feet above Paris, and found it precisely the same
as the nir at the earth's surface,f

But 21 cubic inches of oxygen gas weigh TUG grains, and consent.

79 inches of azote weigh SS*«85 grains. These added to-
otMk-

gethcr amount to 30SU grains, which ought to be the weight

• A very convenient apparatus for making cudiomctrical experiments,
has been invented by Mr. l'epvs, and described by him in Phil. Trans, for
1807. ' '

t Phil. Mag. xxi. 225.
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Book i. of 100 inches of common air. But this is somewhat greater
v

* ' than the weight of 100 inches of air, according to Sir John
Shuckburgh Evelyn's experiments, who found it only 30*5

grains. The difference is not great, and is probably owing
to a small error in the specific gravities of the different gases.

According to this estimate, 100 parts of air are composed by
weight of

23-209 oxygen

76-701 azote

100-000

Method of

ascertaining

the density

of the air

operated on.

How to re-

duce air to

a given ba-

rometrical

pressure.

In all the analyses of air, it is necessary to operate on air

of a determinate density, and to take care that the residuum

be neither move condensed nor dilated than the air was when
first operated on. If these things are not attended to, no de-

pendence whatever can be placed upon the result of the ex-

periments, how carefully soever they may have been per-

formed. Now there are three things which alter the volume

of air and other elastic fluids: 1. A change in the height of

the barometer. 2. An increase or diminution of their quantity

;

the vessel in which they are contained remaining the same,

and standing in the same quautity of water or mercury. 3. A
change in the temperature of the air.

1. The density of air and other elastic fluids is always pro-

portional to the compressing force. Now they are compressed

by the weight of the atmosphere, which is measured by the

barometer. If that weight diminishes, their density dimi-

nishes in proportion, and of course their bulk increases

:

if the weight of the atmosphere increases, their density in-

creases, and their bulk diminishes in the same proportion.

Consequently, if the height of the barometer varies during an

experiment, the bulk of the residuum will not be the same

that it would have been if no such change had taken place.

We shall therefore commit an error, unless we reduce the

bulk of the residuum to what it would have been if no such

alteration had taken place. This is easily done by a very

simple formula.

It has been ascertained by philosophers, that the volumes of

air are always inversely as the compressing forces. There-

fore let m be the height of the barometer at the commence-

ment of an experiment, n its height at the end, v the volume

of the gas when the barometer is at and x its volume,
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supposing the barometer at in. We have n : m : : x : v. chap. r.

Consequently % = So that to find the volume required,

we have only to multiply the volume obtained by the actual

height of the barometer, and divide by the height of the

barometer at which we want to know the volume : and, in

general, to reduce a volume of air to the volume it would oc-

cupy, supposing the barometer at 30 inches, we have only to

use the above formula, substituting 30 in place of m.

ci. When air is confined in a jar standing over water orToreduceit... , «_ m .m to the den-

mercury, its density is not the same with that ot the atmos- iityofex-

phere, unless its lower surface in the jar be exactly level with ternaI alr-

the surface of the liquid in the tub in which it stands. Let

A be a jar containing air, and B C the sur-

D

1

—

IE

face of the water or mercury in the tub in

which the jar is inverted; the air within the n

jar is not of the same density with the ex-

ternal air, unless it fills exactly that part of

the jar above B C. If it fill only that part of it between A
and D, while the water or mercury rises to D, the air will be

more dilated than the external air, because it is compressed

only by the weight of the atmosphere, diminished by the

column of mercury or water D 7;/. On the other hand, if

the water or mercury only rise in the jar to E, the air within it

will be denser than the external, because it is compressed by

the weight of the atmosphere, and also by the column of

water or air m E. It is proper, therefore, in all cases, to

bring the lower surface of the air in the jar to the same level

with the surface of the water or mercury in the trough. But

in cudiometrical experiments this is often impossible ; because

part of the air being absorbed, though the water or mercury

over which it stands at first only rose to m, yet the absorption

which takes place occasions it to rise to some line D above m.

Hence the air which remains after the experiment is in a state

of dilatation, and must be reduced by calculation to the vo-

lume which it would occupy were it in the same state of com-
pression as at the commencement of the experiment. This
is easily done by the following formula.

Let us suppose the experiment is made over mercury.
Let H be the height of the barometer at the commencement
of the experiment, h the length of the column of mercury
M D, v the volume of the air in A D, and x the volume re-

quired, or the volume which the air would have, supposing
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D to coincide with m. Then we have H : H — h

And x = (II -/i)u

Ji

v :x.

Thus let H be SO inches, h = 5 inches,

and v = 200 cubic inches; thenars 16G*- cubic inches; so

that without this correction the error would amount to no less

than 33-i- cubic inches, or about the sixth part of the whole.

When the experiment is made over water, the same formula

applies; only in that case H must be multiplied by 13*6, be-

cause a column of water 13*6 times longer than mercury is

necessary to produce the same pressure. In that case, sup-

posing the numbers the same as before, x would be = 197-J-;

so that the error over water is only%\ inches, or the 80th part

of the whole.

3. A change in the temperature may be more easily guarded
against in eudiometrical experiments, as they are usually made
within doors : but when it does happen, it occasions an altera-

tion in the volume of the air ; an increase of temperature

dilating it, and a diminution of temperature occasioning a

condensation. This error may be easily corrected in air and

all other gases, by increasing or diminishing, their apparent

bulk for every degree of change in the thermometer, accord-

ing to the table of the dilatations of the gases formerly given.*

SECT. II.

OF WATER.

Water of That the atmosphere contains water has been always known.

phere

tm°s
" The rain and dew which so often precipitate from it, the clouds

and fogs with which it is often obscured, and which deposite

moisture on all bodies exposed to them, have demonstrated

its existence in every age. Even when the atmosphere is per-

fectly transparent, water may be extracted from it in abund-

ance by certain substances. Thus, if concentrated sulphuric

acid be exposed to air, it gradually attracts so much moisture,

that its weight is increased more than three times : it is con-

verted into diluted acid, from which the water may be se-

parated by distillation. Substances which have the property

of abstracting water from the atmosphere have received the

epithet of hygroscopic, because they point out the presence of

that water. Sulphuric acid, the fixed alkalies, muriate of lime,

* Sec Vol. i. p. 29.
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nitrate of lime, and in general all deliquescent salts, possess chap.i.

this property. The greater number of animal and vegetable
v
*"""v~""''

bodies likewise possess it. Many of them take water from

moist air, but give it out again to the air when dry. These

bodies augment in bulk when they receive moisture, and di-

minish again when they part with it. Hence some of them Detected bj

have been employed as hygrometers, or measures of the quan- meter.
5™

tity of moisture contained in the air around them. This they

do by means of the increase or diminution of their length, oc-

casioned by the addition or abstraction of moisture. This

change of length is precisely marked by means of an index.

The most ingenious and accurate hygrometers are those of

Saussurc, Dcluc, and Wilson. In the first, the substance

employed to mark the moisture is a human hair, which by its

contractions and dilatations is made to turn round an index.

In the second, instead of a hair, a very fine thin slip of whale-

bone is employed. The scale is divided into 100°. The be-

ginning of the scale indicates extreme dryness, the end of it

indicates extreme moisture. It h graduated by placing it first

in air made as dry as possible by means of salts, and after-

wards in air saturated with moisture. This gives the extremes
of the scale, and the interval between them is divided into 100
equal parts. In Mr. Wilson's hygrometer, which is the sim-
plest of all, the hygrometrical substance is a rat's bladder,
which, by dilating or contracting, alters the height of a column
of mercury in a thcrmotnctrical tube attached to it. The
bladder and part of the tube (K ing filled with mercury.

Since it cannot be doubted that the atmosphere always con-
tains water, there arc only two points which remain to be in-

vestigated : 1. The state in which that water exists in air;

2. The quantity which a given bulk contains.

1. With respect to the state in which water exists in air, state in

two opinions have been formed, each of which has been sup- 2f2£
ported by very able philosophers. 1. M ater may be dissolved
in air in the same manner as a salt is held in solution by
water. 2. It may be mixed with air in the state of steam or
vapour, after having been converted into vapour.

1. The first of these opinions was hinted at by Dr. Hookc
in his M'urograpliia, and afterwards proposed by Dr. Halley;
but it was much more fully developed by Mr. Le Roy of
Montpelier in 1751. Dr. Hamilton of Dublin made known
the same theory about the same time. The phenomena in
general coincide remarkably well with this theory. The
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quantity of water which air is capable of holding in solution

is increased by every augmentation of temperature, and dimi-
nished by cold, which is precisely analogous to almost all

other solvents. These analogies, and several others which
will easily suggest themselves to the reader, have induced by
far the greater number of philosophers to adopt this opinion.

2. The second theory, namely, that water exists in air in

the state of vapour, has been embraced by Deluc in his last

treatise on Meteorology; at least his reasoning appears to me
to lead to that conclusion. But it is to Mr. Dalton that we
are indebted for the most precise information on the subject *

The following reasons put the truth of this opinion almost

beyond the reach of controversy.

In the first place, It cannot be doubted that the water which
exists in air is derived originally from the waters on the sur-

face of the earth, which are exposed to the action of the at-

mosphere. Accordingly we find that water, when exposed to

the air, suffers a gi'adual diminution of bulk, and at last dis-

appears altogether. This diminution of the water may be

owing, either, to its gradual solution in air, or to its conversion

into vapour. The last is the common opinion, as the pheno-

menon is in common language ascribed to the evaporation of

the water. When water is placed in an exhausted receiver,

it diminishes in bulk even more rapidly than in the open air.

In this case, as no air is present, we can only ascribe the di-

minution of bulk to the conversion of the water into vapour.

Accordingly we find, upon examination, that the receiver is

actually filled with water in the state of vapour. The pre-

sence of this vapour very soon, by its elasticity, puts an end

to the evaporation of the water. Now, since water disappears

equally whether air be present or not, and exactly in the same

manner, it is reasonable to ascribe its disappearing in both

cases to the same cause. But in the exhausted receiver it is

converted into vapour. Hence it is probable that it is con-

verted into vapour also in the open air; and if so, it must exist

in air in the state of vapour.

In the second place, If the disappearing of water exposed to

the open air were owing to solution and not to evaporation,

it ought certainly to disappear more rapidly when it is exposed

to the action of a great quantity of air than when to a small

quantity ; for the quantity of any body dissolved is always

* Manchester Memoirs, v. p. 571.
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proportional to the quantity of the solvent. But the very chap,

contrary is what actually takes place with respect to the water

contained in the air. Saussure has proved that water evapo-

rates much faster at great heights than at the surface of the

earth, even when the temperature and the moisture of the air

in both places are the same. By comparing a set of experi-

ments made upon the Col-du-Geant, at the height of 11,275

feet above the level of the sea, with a similar set made at Ge-

neva, 1321 feet above the level of the sea, he ascertained that,

supposing the temperature and the dryness of the air in both

places the same, the quantity of water evaporated at Gene*

a

is to that evaporated on the Col-du-Geant in the same time

and same circumstances as 37 to 84, or nearly as 3 : 7. Now
the air on the Col-du-Geant is about ~d rarer than at Geneva ;

so that the diminution of about -!
r
d in the density of the air

more than doubles the rate of evaporation.* This is precisely

what ought to be the case, provided the water which disap-

pears mixes with the air in the state of vapour only ; but the

very contrary ought to hold, if the water di>appearcd in con-

sequence of the solvent power of air.

In the third place, It lia> been demonstrated by Dr. Black

that vapour is water combined with a certain dose of caloric.

Consequently when water is converted into vapour, a certain

portion of caloric combines with it and disappears. If, there-

fore, there is the same waste of caloric whenever water passes

from liquid state, and enters into the atmosplu re as a com-
ponent part, we have reason to conclude that it enters into the

atmosphere only in the state of vapour. But it is a well known
fact that cold is always generated during spontaneous evapo-

ration : that is to say. that the water a> it disappears carries

oil' with it a quantity of caloric. It is w ell known, that when
a wet body is exposed to the air, its temperature is lowered by
the evaporation which takes place upon its surface. Hence,
in warm countries water is cooled by putting it into porous
vessels, and exposing it to the air. The water penetrates

through the vessels, evaporates from their surface, and carries

oil' so much heat, as even in some cases to freeze the water in

the vessels. Saussure observed, that the evaporation from the

surface of melting snow caused it to freeze again when the

temperature of the surrounding air was 1\5° above the freez-

ing point. Dr. Black has rendered it probable that the quan-

• Smissure's Voyages dans les Alpes, iv. 2<33.

OL. III. N
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^cooki^ tity of caloric which disappears during spontaneous evapora-
tion is as great as that which is necessary to convert water
into steam. We have a right then to conclude, that water,
when it evaporates spontaneously, is always converted into va-

• pour, and of course that it is only in that state that it enters
into the atmosphere.

In thefourth place, Mr. Dalton has demonstrated, that the
water which exists in air possesses precisely the same decree
of elasticity that it does when in the state of vapour in a
vacuum at the same temperature. Hence it follows irresistibly

that it exists in air, not in the state of water, but of an elastic

fluid or vapour.

We are authorised to conclude, then, that the water which
exists in the atmosphere is in the state of vapour.

Quantity of II. Many attempts had been made to measure the quantity
vapour in Qf water contained in air; but Saussure was the first who at-

tained any thing like precision. This ingenious philosopher

has shown, in his Hygrometrical Essays, that an English

cubic foot of air, when saturated with water, at the tempera-

ture of 66°, contains only about eight grains troy of that li-

quid, or about -^th of its weight.* But the experiments of

Mr. Dalton were susceptible of more precision. As the

greatest part of the water of the atmosphere is in the state of

vapour, the elasticity of which depends upon the temperature,

it is obvious that this elasticity, provided it can be ascertained,

must measure the quantity of vapour which exists in the at-

mosphere, the temperature being the same. The elasticity or

force of vapour was determined by this ingenious philosopher

in the following manner, which had been originally contrived

Dsiion's by Le Roy : He took a tall cylindrical glass jar, dry on the
method or outs i tie and filled it with cold spring water fresh from the

its elasticity, well : if dew was immediately formed on the outside, he

poured the water out, let it stand a while to increase in tem-

perature, dried the outside of the glass well with a linen cloth,

and then poured the water in again. This operation was to

be continued till the dew ceased to be formed, and then the

temperature of the water was observed ; and opposite to it in

the tablet was found the force of vapour in the atmosphere.

This experiment must be conducted in the open air, or at a

window; because the air within is generally more humid than

that without. Spring water is generally about 50°, and will

* Essais sur l'liygrometric, p. 99. f See Vol. I. p. 61.



WATEK. 179

mostly answer the purpose in the three hottest months of the chap. t.

year: in other seasons an artificial cold mixture is required.
V

From Dnlton's experiments it follows that the quantity of

vapour in the atmosphere is variable in quantity. In the tor-

rid zone its force varies from 0*0' to one inch of mercury. In

Britain it seldom amounts to 0*6, but is often as great as 0*5

diu iiifj summer. In winter it is often as low as 01 of an inch

of mercury.*

These facts would enable us to ascertain the absolute quan-

tity of vapour contained in the atmosphere at any given time,

provided we were certain that the density and elasticity of va-

pours follow precisely the same law as that of gases, as is

extremely likely to be the case. If so, the vapour will vary

from ~'-th to y^rtl) Part of th* atmosphere. Dalton supposes

that the medium quantity of vapour held in solution at once -

in the atmosphere may amount to about -^th ™ib bulk.f

SECT. III.

OF CARUONIC ACID CIAS.

The existence of carbonic acid gas as a constituent part of

the atmosphere was observed by Dr. Black immediately after

lie had ascertained the nature of that peculiar fluid. If we
expose a pure alkali or alkaline earth to the atmosphere, it is

gradually converted into a carbonate by the absorption of

carbonic acid gas. This fact, which had been long known,
rendered the inference, that carbonic acid gas existed in the

atmosphere, unavoidable, as soon as the difference between a

pure alkali and its carbonate had been ascertained to depend
upon that acid. Not only alkalies and alkaline earths absorb

carbonic acid when exposed to the air, but several of the me-
tallic oxides also. Hence the reason that we so often find the

native oxides in the state of carbonates. Thus rust is always

saturated with carbonic acid.

Carbonic acid gas not only forms a constituent part of the

atmosphere near the surface of the earth, but at the greatest

heights which the industry of man has been able to penetrate.

Saussure found it at the top of Mount Blanc, the highest point K<mnd u
ot the European continent ; a point covered with eternal snow, 22*.
and not exposed to the influence of vegetables or animals.

Lime-water diluted with its own weight of distilled water
formed a pellicle on its surface after an hour and three quar-

• Dalton, Manchester Memoirs, v. 547. t Phil. Mag. xxxiii. 353.

N 2
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Book i. ters exposure to the open air on that mountain; and slips of
' paper moistened with pure potash acquired the property of
effervescing with acids after being exposed an hour and a half

in the same place.* Now this was at a height no less than

15,668 feet above the level of the sea. Humboldt has more
lately ascertained the existence of this gas in air brought by
Mr. Garnerin from a height not less than 4280 feet above the

surface of the earth, to which height he had risen in an air

balloon. -)• This fact is a sufficient proof that the presence of car-

bonic acid in air does not depend upon the vicinity of the earth.

•»* quantity. The difficulty of separating this gas from air has rendered

it difficult to determine with accuracy the relative quantity of

it in a given bulk of air. From the experiments of Humboldt
it appears to vary from 0-005 to O'Ol.

Mr. Dalton's experiments give the quantity much smaller.

He found, that if a glass vessel filled with 102,4-00 grains of

rain water be emptied in the open air, and 125 grains of lime

water be poured in, and the mouth then closed; by sufficient

time and agitation, the whole of the lime water is just satura-

ted with the carbonic acid which it finds in the inclosed vo-

lume of air: but 125 measures of lime water requires 70 mea-

sures of carbonic acid gas to saturate them. Hence he con-

cludes, that aircontains onlyTTL_-thof itsbulkof carbonic acid. %

From the previous experiments of Mr. Cavendish, however,

we learn that lime water is not capable of depriving air of the

whole of its carbonic acid. A portion still remains, which can

only be separated either by milk of lime, or by repeated

washings with new doses of lime water. Hence the quantity

of carbonic acid in air must be considerably greater than it

was found by Dalton. I do not know exactly the meaning of

lime water being jast saturated, unless it signifies that it refuses

to absorb any more gas. In that case the whole of the lime

is held in solution by the acid. It must be difficult to ascer-

tain the exact point of saturation according to this sense of the

word. We may conclude, however, from Daltcn's experi-

ment, that the bulk ofcarbonic acid in air does not much exceed

-p'-^th of the atmosphere; but it is liable to variation from

different circumstances. Immense quantities of carbonic acid

must be constantly mixing with the atmosphere, as it is formed

by the respiration of animals, by combustion, and several

other processes which are going on continually. The quantity,

* Saussnrc's Voyages, iv. 199. t Jour, de Phys. xlvii. 202.

% Phil. Mug. xxiii. 854.
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indeed, which is daily formed by these processes is so great,

that at first sight it appears astonishing that the gas does not

increase rapidly. The consequence of such an increase would

be fatal, as air containing 0" 1 of carbonic acid extinguishes

lirrht, and is noxious to animals. But we shall find reason

afterwards to conclude, that this gas is decomposed by vege-

tables as rapidly as it is formed.

SECT. IV.

OF THE OTHER BODIES FOUND IN THE ATMOSPHERE.

From the three preceding sections, we see that the atmos- comp<*iti#»

phere consists chiefly of three distinct elastic fluids united to- ^03phere-

gethcr by chemical affinity ;
namely, air, vapour, and carbonic

acid gas; differing in their proportions at different times and

in different places; but that the average proportion of each is

98'9 air

1*0 vapour

0*1 carbonic acid

100-0

But besides these bodies, which may be considered as the con- other b»-

stituent parts of the atmosphere, the existence of several other uineJl> i^

bodies has been suspected in it. I do not mean in this place

to include among those bodies electric matter, or the substance

of clouds and fogs, ami thoscother bodies which are considered

as the active agents in the phenomena of meteorology, but to

confine mvself merely to those foreign bodies which have been

occasionally found or suspected in air. Concerning these bo-

dies, however, very little satisfactory is known at present, as

we are not in possession of instruments sufficiently delicate to

ascertain their presence. We can indeed detect several of them

actually mixing with air, but what becomes of them afterwards

we are unable to say.

1. Hydrogen gas is said to have been found in air situated njdrage*

near the crater of volcanoes, and it is very possible that it may 8***

exist always in a very small proportion in the atmosphere; but

this cannot be ascertained till some method of detecting the

presence of hydrogen combined with a great proportion of air

be discovered. From the experiments of Gay-Lussac and
Humboldt, it appears that air does not contain so much as

-raVjfth parts hydrogen.

2. Carburetted hydrogen gas is often emitted by marshes in



182 COMPOSITION OF TUB ATMOSPHERE.

Bookr. considerable quantities during hot weather. But its presence
S"*v~^/

has never been detected in air; so that in all probability it is

again decomposed by some unknown process.

3. Oxygen gas is emitted by plants during the day. We
shall afterwards find reason to conclude that this is in conse-

quence of the property which plants have of absorbing and

decomposing carbonic acid gas. Now, as this carbonic acid

is formed at the expense of the oxygen of the atmosphere, as

this oxygen is again restored to the air by the decomposition

of the acid, and as the nature of atmospheric air remains un-

altered, it is clear that there must be an equilibrium between

these two processes; that is to say, all the carbonic acid formed

by combustion must be again decomposed, and all the oxygen

abstracted must be again restored. The oxygen gas which is

thus continually returning to the air keeps its component parts

always at the same ratio.

4. The smoke and other bodies which are continually car-

ried into the air by evaporation, &c. are probably soon depo-

sited again, and cannot therefore be considered with propriety

as forming parts of the atmosphere. But there is another set

of bodies which arc occasionally combined with air, and which,

on account of the powerful action which they produce on the

human body, have attracted a great deal of attention. These

are known by the names of matters of contagion.

That there is a difference between the atmosphere in differ-

ent places, as far as respects its effects upon the human body,

has been considered as an established point in all ages. Hence

some places have been celebrated as healthy, and others avoided

as pernicious to the human constitution. It is well known

that in pits and mines the air is often in such a state, as to suf-

focate almost instantaneously those who attempt to breathe it.

Some places are haunted by peculiar diseases. It is known

that those who frequent the apartments of persons ill of cer-

tain maladies, are extremely apt to catch the infection ; and in

prisons and other places, where crowds of people arc confined

together, when diseases once commence, they arc wont to make

dreadful havoc. In all these cases, it has been supposed that

a certain noxious matter is dissolved by the air, and that it is

the action of this matter which produces the mischief,

coniagiou. This noxious matter is in many cases readily distinguished
*naller

' by the peculiarly disagreeable smell which it communicates to

the air. No doubt this matter differs according to the diseases

which it communicates, and the substance from which it has

originated. Morveau attempted to ascertain its nature ;
but
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he soon found the chemical tests hitherto discovered altogether ci.ap. r.

insufficient for that purpose. He has put it beyond a doubt, '

however, that the noxious matter which rises from putrid bodies

is of a compound nature; and that it is destroyed altogether

by certain agents, particularly by those gaseous bodies which

readily part with their oxygen. He exposed air infected by

putrid bodies to the action of various substances; and he

judged of the result by the effect which these bodies had in

destroying the fetid smell of the air. The following is the re-

sult of his experiments. ,

1. Odorous bodies, such as benzoin, aromatic plants, &c. Howde- .

have no effect whatever. 2. Neither have the solutions of
,tro,w1-

myrrh, benzoin, &.c. in alcohol, though agitated in infected

air. 3. Pyrolignous acid is equally inert. 4. Gunpowder, when

fired in infected air, displaces a portion of it; but what re-

mains still retains its fetid odour. 5. Sulphuric acid has no

effect; sulphurous acid weakens the odour, but does not de-

stroy it. G. Vinegar diminishes the odour, but its action is

slow and incomplete. 7. Acetic acid acts instantly, and de-

stroys the fetid odour of infected air completely. 3. The fumes

of nitric acid, first employed by Dr. Carmichael Smith, arc

equally efficacious. 9. Muriatic acid gas, first pointed out as

a proper agent by Morveau himself, is equally effectual.

10. Hut the most powerful agent is chlorine gas, first proposed

by Mr. Cruikshanks, and now employed with the greatest suc-

cess in the British Navy and Military Hospitals.

Thus there are four substances which have the property of

destroying contagious matter, and of purifying the:iir: but

acetic acid cannot easily be obtained in sufficient quantity,

and in a state of sufficient concentration, to be employed with

advantage. Nitric acid may be attended with some inconve-

nience, because it is almost always contaminated with nitrous

gas. Muriatic acid and chlorine are not attended with these

inconveniences; the last deserves the preference, because it

acts with greater energy and rapidity. All that is necessary is

to mix together two parts of common salt with one part of the

black oxide of manganese, to place the mixture in an open
vessel in the infected chamber, and to pour upon it two parts

of sulphuric acid. The fumes of chlorine are immediately ex-
haled, fill the c hamber, and destroy the contagion. Or the
oxymuriatc of lime, sold for the purposes of the bleacher, may
be mixed with sulphuric acid, and placed in the infected
apartment.
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SECT. V.

OF THE STONES WHICH FALL FROM THE ATMOSPHERE.

Book i. Nothing can be a more complete proof of the imperfect
' state of the science of meteorology, than the discovery of facts,

for which not even a conjectural cause in the smallest degree
probable can be assigned. Luminous bodies called meteors,

fire-balls, &c. have in all ages been observed in the atmos-

phere, and many of them have been described by eye-witnes-

Kistorj. ses. One of the most remarkable of these was the meteor

which appeared in 1783. It was very luminous, and its dia-

meter could not be less than 1000 yards. It traversed Britain

and a considerable part of the continent of Europe with very

great velocity, and at the height of nearly 60 miles from the

surface of the earth.* Almost all the meteors observed re-

sembled each other. They were luminous, at a great height,

moved very swiftly, and disappeared in a very short time.

Their disappearance was usually accompanied by a loud ex-

plosion like a clap of thunder ; and it was almost constantly

affirmed, that heavy stony bodies fell from them to the earth.

But though several well authenticated accounts of the fall of

such stones had been from time to time published, little cre-

dit was given to them ; nor did they indeed attract the atten-

tion of philosophers, till Dr. Chladni published a dissertation

on the subject in 1794<. Two years after Mr. King published

a still more complete collection of examples, both ancient and

modern
;
many of them supported by such evidence that it

was impossible to reject it. These two dissertations excited

considerable attention : but the opinion, that stones had really

fallen from the atmosphere, was considered as so extraordi-

nary, and so contrary to what we know of the constitution of

the air, that most people hesitated or refused their assent.

Meanwhile Mr. Howard took a different method of investi-

gating the subject. He not only collected all the recent and

well authenticated accounts of the fall of stony bodies, and

examined the evidence of their truth, but procured specimens

of tho stones which were said to have fallen in different places,

compared them together, and subjected them to a chemical ana-

lysis. The result was, that all these stony bodies differ com-

pletely from every other known stone ; that they all resemble

• See Cavallo's description of it, Phil. Trans. 1784.
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each other, and that they are all composed of the same ingre- chap, l

dicnts. His dissertation on the subject was published in the

Philosophical Transactions for 1802. The proofs which this

admirable dissertation contains, that the stony bodies in ques-

tion really fell from the atmosphere, are quite irresistible. In-

deed their external characters and chemical analysis would

alone decide the point: for it is quite inconceivable that in

India, England, France, Germany, and Italy, in climates and

in soils exceedingly different from each other, stones should

have been pointed out which differed from every other mineral

in the countries where they were found, and which exactly re-

sembled one another, provided these had not had the same

oriirin. The chemical analysis of Howard was soon after re-

peated and verified by Yauquelin* and Klaproth.f

1 . Most of the stones which have fallen from the atmosphere Tabieof tie

have been preceded by the appearance of luminous bodies or l^t^nt!
0"

meteors. These meteors burst with an explosion, and then the *t">c—°r
1 thr fall of

shower of stones falls to the earth. Sometimes the stones con- fiono.

tinuc luminous till they sink into the earth ; but most commonly
their luminousness disappears at the time of the explosion.

These meteors move in a direction nearly horizontal, and they

seem to approach the earth before they explode. The follow-

ing table, drawn up by Mr. Izarn, exhibits a collection of the

best authenticated instances of the falling of stones from the

atmosphere hitherto observed, together with the time when
they fell, and the persons on whose evidence the fact rests.

J

* Ann. Je Chira. xlv. M&. f Mak Mag. xr. UK J Ibid. xvi. 298.
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2. The stony bodies when they fall are always hot. They r.

commonly bury themselves some depth under ground. Their
V

v

size differs from a few ounces to several tons. They are usually stones usu-

roundish, and always covered with a black crust. In many t'JfhTbuck

cases they smell strongly of sulphur. The black crust, from cru,t -

the analysis of Howard, consists chiefly of oxide of iron.

3. The outer surface of these stones is rough. When
broken, they appear of an ash-grey colour, and of a granular

texture like a coarse sandstone. When examined with a mi-

croscope, four different sub.-tanccs may be discovered of which

the stone is composed : 1st, A number of spherical bodies, va-

rying in size from a pin-head to a pea, of a greyish-brown co-

lour, opaque, breaking easily in every direction, of a compact

texture, capable of scratching glass, and of giving a few feeble

sparks witli steel. 2d, Fragments of pyrites of an indetermi-

nate shape, of a reddish -yellow colour, granular, and easily

reduced to powder. The powder has a black colour. Sd,

Grains of iron in the metallic state, scattered like the pyrites

through the sione. '1th, The three substances just mentioned

are cemented together by a fourth of an earthy consistence,

and so soft that all the other substances may be easily sepa-

rated by the point of a knife or the nail, and the stone itself

crumbled to pieces between the fingers. This cement is of a

grey colour.* The proportion and si/e of these different con-

stituents vary considerably in different specimens; but all of

them bear a striking resemblance to each other. Their spe-

cific gravity varies from 8*354 to 4*28 l.f

4. From the analysis of Howard, whieh was conducted with T>iir*i

much precision and address, and which has been fully con-™
firmed by Yauquelin and Klaproth, we learn that the black

crust consists of a compound of iron and nickel, partly metal-
lic, and partly oxidized. The pyrites consist of iron, nickel,

and sulphur. The metallic grains consist of iron, combined
with about ;d of its weight of nickel, and the yellow globules
are composed of silica, magnesia, iron, and nickel. The Count
Bournon observes, that these globules resemble the chrysolite
of Werner, and that their chemical analysis corresponds ex-
actly with Klaproth's analysis of that mineral. The earthy
cement consists of the very same substances, and nearly in the
same proportions as the globular substances. But it will be
necessary to exhibit a specimen of some of the analyses, as

micil »na-

• Bournon, PhiL Trans. 1802. t Ibid.
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published by the philosophers to whom we are indebted for

them. A stone which fell at Benares in India was analysed

by Howard. The pyrites consisted of

2*0 sulphur

10*5 iron

1*0 nickel

2*0 earths and foreign bodies

15-5

The spherical bodies of 50'0 silica

15*0 magnesia

34*0 oxide of iron

2 *5 oxide of nickel

101-5

The earthy cement of 4S'0 silica

18'0 magnesia

34*0 oxide of iron

2*5 oxide of nickel

102-5

A stone which fell in Yorkshire, deprived as much as possible

of its metallic particles, gave Mr. Howard from 150 grains

75 silica

37 magnesia

48 oxide of iron

2 oxide of nickel

162

The increase of weight was owing to the oxidizement of the

metallic bodies.

Stones which fell at Laigle in France, in 1803, yielded, by

the analysis of Vauquelin and Fourcroy,

54 silica

36 oxide of iron

9 magnesia

3 oxide of nickel

2 sulphur

1 lime

105*

• Phil. Mag. xvi. 308.
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The following table exhibits the result of the most remark-

able analyses of such stones, which have been made since the

publication of Howard's paper on the subject.

t t §

Iron 29-00 17-60 23'00

Nickel 0*50 0-4-0

Chromium . • • • • • • • • • • •
^-03

Oxide of iron 25-00 31 '00

Sulphur 3-50 3"00

Silica 4.3-00 38*00 48'50 33'90

Magnesia 2200 14--25 2'00 32-00

Lime WW 0'75 9*50

Alumina 1*25 1*00 14'50

Magnesia 0*25 .... ....

Stromeyer has lately announced the discovery of cobalt in

the meteoric iron from the Cape of Good Hopc.||

From the preceding analyses, it is obvious that there are se-

veral different kinds of meteoric stones ; so that if we were to

arrange them according to their composition, they might be

divided into at least three or four species. It deserves atten-

tion that the metals found in them are iron, nickel, chromium,

and cobalt. Now these constitute the whole of the magnetic

metals.

5. The experiments of Howard, thus confirmed by others, conjtctnrw

and supported by the most respectable historical evidence, [bX^feL
having demonstrated that these stony bodies really do fall from

the heavens, it was natural to expect that various attempts

would be made to account for their appearance. But such is

the obscurity of the subject, so little progress have we made in

the science of meteorology, that no opinion in the slightest

degree probable has hitherto been advanced. It was first sup-

posed that the bodies in question had been thrown out of vol-

canoes; but the immense distance from all volcanoes at which

they have been found, and the absence of all similar stones

from volcanic productions, render this opinion untenable.

Chladni endeavoured to prove that the meteors from which

• Klaproth, v. 2j'J. The stone tell at Lissa in 1808.

+ Ibid. p. 255. The stone fell at Smolensk in 1807.

I Ibid. p. 801. The stone fell at Stannern in 1808.

§ V'auquelin, Ann. de Chim. et Phys. i. 53. The stone fell at Langres in

1815.

|| Annals of Philosophy, ix. 249.
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Book r. they fell were bodies floating in space, unconnected with any
v

' planetary system, attracted by the earth in their progress, and
kindled by their rapid motion through the atmosphere. But
this opinion is not susceptible of any direct evidence, and can
scarcely be believed, one would think, even by Dr. Chladni
himself. Laplace suggests the probability of their having been
thrown off' by the volcanoes of the moon : but the meteors
which almost always accompany them, and the swiftness of
their horizontal motion, militate too strongly against this opi-

nion. The greater number of philosophers consider them,

with Mr. King and Sir William Hamilton, as concretions ac-

tually formed in the atmosphere. This opinion is undoubtedly

the most probable of all ; but in the present state of our know-
ledge, it would be absurd to attempt any explanation of the

manner in which they are formed. The masses of native iron

found in South America, in Siberia, and near Agnam, contain

nickel, as has been ascertained by Proust, Howard, and Klap-

roth, and resemble exactly the iron found in the stones fallen

from the atmosphere. We have every reason therefore to as-

cribe to them the same original : and this accordingly is almost

the uniform opinion of philosophers. Klaproth has shown

that real native iron is distinguished from meteoric iron by the

absence of nickel.*

Upon the whole, we may consider these stony and metallic

masses as fragments of fire-balls which have burst in the at-

mosphere ; but the origin and cause of these fire-balls will per-

haps for ages baffle all the attempts of philosophers to explain

them.

BOOK II.

OF WATERS.

waters Mankind must have observed very early, that the waters

which exist in such abundance in almost every part of the

earth, differ considerably from each other in their taste and

transparency, and in their fitness for serving as vehicles for

food, and for the various purposes of domestic economy. These

differences are occasioned by the foreign bodies which the

aqueous fluid holds in solution or suspension ; for water is

never found native in a state of complete purity. In some cases

• Gehlen's Jour. i. 8.
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the quantity of these foreign matters is so minute as to have ci,ap . i.

but little influence on the taste or the other properties of water ;
v

but in other cases, the foreign bodies alter its properties alto-

gether, and render it noxious, or medicinal, or unfit for the

preparation of food. In the present book I shall take a ge-

neral view of the different springs and collections of water;

and give an account of their properties and component parts,

as far as they have been hitherto ascertained. Now waters Divwbie

may be very conveniently divided into three classes : 1 . Waters '° r̂ee

which may be used for dressing food, and the other purposes

of domestic economy to which water is usually applied. These,

for want of a better name, may be called common ivater. 2. Sea

water. 3. Those waters which have been called mineral, in

consequence of the notable quantity of mineral substances

which they contain.—These three classes of waters shall form

the subject of the three following chapters.

CHAP. I.

OF COMMON WATERS.

Good water is as transparent as crystal, and entirely colour-

less. It has no smell, and scarcely any taste; and in general

the lighter it is so much the better. If we compare the dif-

ferent waters which are used for the common purposes of life

with each other, and judge of them by the above standard, we
shall find them to differ considerably from each other, accord-

ing to the circumstances of their situation. These waters may
be reduced under four heads; namely, 1. Rain water; 2. Spring

and river water; 3. Well water ; 4. Lake water.

1. Rain water, unless when near a town, or when •collected R*in*»ter.

at the commencement of the rain, possesses the properties of

good water in perfection, and is as free from foreign ingre-

dients as any native water whatever. The substances which
it holds in solution are air, carbonic acid, carbonate of lime,

and, according to Bergman, it yields some traces of nitric acid,

and a little of muriate of lime.* The existence of air in water

was first pointed out by Boyle. Scheelc first observed that

this air contained a greater proportion of oxygen than com-
mon air. The quantity of air in good water does not ex-

• Bergman, i. 87.
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Book ii. ceed -^gth of the bulk. One hundred cubic inches of water
V""~v

' contain generally about one cubic inch of carbonic acid gas.

It is to the presence of these two elastic fluids that water owes
its taste, and many of the good effects which it produces on
animals and vegetables. Hence the vapidness of newly boiled

snowwater, water from which these gases are expelled. Snow water,

when newly melted, is also destitute of all gaseous bodies.*

Hence the reason that fish cannot live in it, as Carradori has

ascertained.t Hassenfratz, indeed, has endeavoured to prove

that snow water holds oxygen gas in solution ; but in all pro-

bability the water which he examined had absorbed air from

the atmosphere.

How pun- The quantity of muriate of lime contained in rain water

must be exceedingly minute : provided Morveau's assertion,

that rain water may be rendered sufficiently pure for chemical

purposes by dropping into it a little barytes water, and then

exposing it for some time to the atmosphere, and allowing

the precipitate formed to deposite, be well founded. Accord-

ing to this philosopher, the rain water which drops from the

roofs of houses, after it has rained for some time, contains

only a little sulphate of lime, which it has dissolved as it

trickled over the slates. J

If meteoric stones be really formed in the atmosphere we

have reason to expect a greater proportion of foreign bodies

in rain water at some seasons than others. It is not unlikely

that some light might be thrown upon the decompositions go-

ing on in the atmosphere, by examining the solid substances

left behind when rain water is evaporated.

Spring wa- 2. The water of springs is nothing else than rain water,

- i which, gradually filtering through the earth, collects at the

bottom of declivities, and makes its way to the surface. It is,

therefore, equally pure with rain water, provided it does not

meet with some soluble body or other in its passage through

the soil. But as this is almost always the case, we generally

find, even in the purest spring water, a little carbonate oi

lime and common salt, besides the usual proportion of air and

carbonic acid gas. Sometimes also it contains muriate of

lime or a little carbonate of soda.§ Dr. Henry expelled the

air from a portion of spring water by boiling: 100 cubic

inches of the water yielded 4'76 inches of gas. This gas he

» Bergman, i. 87. t Jour, de Phys. xlviii. 226.

X Ann. de Chim. xxiv. 391. § Bergman, i. 88.
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found a mixture of 3*38 inches of carbonic acid, and 1*38 of cb« P

atmospheric air.* Bergman found the springs about Upsala,

Inch are reckoned exceedingly pure, to contain the following

foreign bodies

:

K Oxygen gas, 5. Common salt,

2. Carbonic acid, 6. Sulphate of potash,

3. Carbonate of lime, 7. Carbonate of soda,

4. Silica, 8. Muriate of lime.

The whole of these ingredients amounted at an average

to 0-0004? parts; and the proportion of each of the solid bodies

was as follows:

Carbonate of lime . . 5*0 Muriate of lime .... 0*5

Common salt 3*0 Sulphate of potash . . 0'25

Silica 0 5 Carbonate of soda . . 0*25

River waters may be considered as merely a collection of Ri»e

spring and rain water, and therefore are usually possessed of
1

a degree of purity at least equal to these. Indeed, when their

motion is rapid, and their bed siliceous sand, they are gene-

rally purer than spring water; depositing during their motion

every thing which was merely mechanically suspended, and

retaining nothing more than the usual proportion of air and

carbonic acid gas, and a very minute quantity of carbonated

lime and common salt. When their bed is clayey, they are

usually opul-coloured, in consequence of the particles of clay

which they hold in suspension.

The specific gravity of Thames water is 1*00004-3

Clyde water 1*000024

The foreign bodies in the water of the river Clyde, are as

follows: 10,000 grains contain 1*3 grain of foreign matter

composed of

Saline bodies 0*788

Carbonate of lime 0'394

Silica 01 18

1*300

The salts arc,

Muriate of soda 0*369

Muriate of magnesia 0*305

Sulphate of soda 0*1 14

0*788

• Nicholson's Jour. v. 237.

VOL. III. O
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Book ii. 3. By well water is meant the water which is obtained by

w^£ r̂ .
(Jigging deep pits, which is not in sufficient quantity to over-

flow the mouth of the well ; but which may be obtained in

abundance by pumping. It is essentially the same with spring

water, being derived from the very same source ; but it is

more liable to be impregnated with foreign bodies from the

soil, in consequence of its stagnation or slow filtration. Hence
the reason that well water is often of that kind which is dis-

tinguished by the name of hard water, because it does not
nardwa- dissolve soap, and cannot be used for dressing several kinds

of food. These properties are owing to the great proportion

of earthy salts which it holds in solution. The most common
of these salts is sulphate of lime. These earthy salts have the

property of decomposing common soap
:

' their acid unites

with the alkali of the soap, while the earthy basis forms with

the oil a soap not soluble in water, which envelopes the

soap and gives it a greasy feel. These waters may be in

general cured by dropping into them an alkaline carbonate.

Mr. Sennebier has shown that well water usually contains a

greater proportion of carbonic acid gas than spring or river

water.

-water of 4S. The water of lakes is merely a collection of rain water,
lakes

' spring water, and river water, and of course contains precisely

the same heterogeneous salts : but it is seldom so transparent

as river water, being usually contaminated with the remains

of animal and vegetable bodies which have undergone putrefac-

tion in it. For as lake water is often nearly stagnant, it does

not oppose the putrefaction of these bodies, but rather pro-

motes it; whereas in river water, which is constantly in mo-
tion, no putrefaction takes place. Hence the reason of the

slimy appearance and the brownish colour which often dis-

tinguishes lake water.

Marsh water contains a still greater proportion of animal

and vegetable remains than lake water, because it is altogether

stagnant. Moss water is strongly impregnated with those

vegetable bodies which constitute mosses, and usually also

contains iron.

When water is kept in casks during sea voyages, it soon

becomes putrid and offensive. This is owing to the action of

the water upon the cask, a portion of which it dissolves.

Bcrthollct suggested the charring of the inside of the cask as

an effectual remedy. The experiment has been successfully

tried in a long sea voyage of Krusenstern, a Russian captain.
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Charcoal powder acts effectually, but it is troublesome, and

soon loses its property.*

CHAP. II.

OF SEA WATER.

The ocean is the great reservoir of water into which the ckap. ir.

lakes and rivers empty themselves, and from which is again *

drawn by evaporation that moisture which, Jailing in showers

of rain, fertilizes the earth, and supplies the waste of the springs

and rivers. This constant circulation would naturally dispose

one to believe, a priori, that the waters of the ocean do not

differ much from the waters of rivers and lakes : but nothing

would be more erroneous than such a conclusion ; for the sea

water, as every one knows, differs materially from common
water in its taste, specific gravity, and other properties. It

contains a much greater proportion of saline matter, parti-

cularly of common salt, which is usually extracted from it.

Indeed, if the sea were not impregnated with these saline bodies,

the putrefaction of the immense mass of animal and vege-

table matter which it contains would in a short time prove
fatal to the whole inhabitants of the earth.

The absolute quantity of sea water cannot be ascertained, feufltyrf

as its mean depth is unknown. Mr. Dc la Place has demon- ** "*'**

stratcd, that a depth of four leagm - i-* necessary to reconcile

the height to which the tides are known to rise in the main
ocean with the Newtonian theory of the tides. I If we suppose
this to be the mean depth, the quantity of water in the ocean
must be immense. Even on the supposition that its mean
depth is not greater than the fourth part of a mile, its solid

contents (allowing its surface to be three-fourths of that ofthe
superficies of the earth) would be :;2,0j8,939£ cubic miles.

Sea water has a very disagreeable bitter taste, at least when i„ prpp(r.

taken from the surface or near the shore ; but when broughtB from great depths, its taste is only saline. J Hence we
learn that this bitterness is owing to the animal and vege-
table substances with which it is mixed near the surface, lis

Ann. de Chiro. lix. 9G, and Gehlen'i Jour. 9d series, i. C4j.

t Mem. Par. 1776, p. 213. j Bergman, i. 180.

O 2
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Book ii. specific gravity varies from 1-0269 to 1-0285.* It does not
1
freeze till cooled down to 28*5° f of Fahrenheit's scale.

Sea water has been examined by many chemists, and various

accurate sets of experiments made to determine its consti-

tuents. The following table exhibits the quantity of salts con-
tained in 10,000 parts of sea water. According to the result

of these experiments :

Common salt

Sulphate of magnesia
Sulphate of soda ....

Muriate of magnesia
Muriate of lime

Sulphate of lime. . .

.

Common salt

Sulphate of magnesia

Sulphate of soda. . .

.

Muriate of magnesia

Muriate of lime

Sulphate of lime . ..

.

137-59

j
618

15-62

20-38
3-47

h

£8419

67-65

801

55-75
2-3

2-79

10-41

2 08

72 91

7-81

31-25

7-81

+ t

10604
086

48-17

5-21

XX

251
57-8

35

1-5

XX

251
57-8

35

15

XX

251

62 5

32 5

1-5

hh

242-51

7-86

9 99
34 -4 9

9-45

hh

245-04
17 '04

2-66

28-C3

9-72

hh

220-01

33-16
42-08

7-84

266

466
51 54
12-32

* Bladh, Kirwan's Geological Essays, p. 355.

f Nairne, Phil. Trans. 1776, Part First.

I Lavoisier, Mem. Par. 1772, p. 555. The analysis occurs in a disserta-

tion on the use of alcohol in the analysis of mineral waters.

§ Bergman. Opusc. i. 182.

||
Lichtenberg, Schweigger's Journal, ii. 256. It was water of the

Baltic. He found, likewise, carbonate of lime 0-83, carbonate of mag-

nesia 0-41, and 2 6 cubic inches of carbonic acid gas.

** Pfaff, ibid. It was also Baltic water. He obtained, likewise, 1*3 of

carbonate of lime.

ft Link, ibid. It was also Baltic water which he analysed. He ob-

tained, likewise, 0 41 of resinous matter.

II Bouilhm Lagrange, and Vogel, Annals of Philosophy, iv. 206. The

first was water from the English Channel, the second from the Bay of Bis-

cay, and the third from the Mediterranean. The first two contained 2, and

the last 1 of carbonates of lime and magnesia. The first two contained 2-3,

and the last 1-1 of carbonic acid gas.

§§ Murray, Edin. Trans, viii. 205. The first analysis was performed ac-

cording to the mode followed by Lavoisier ; the second, according to th«

common mode; and the third exhibits what Dr. Murray considers as the

true constituents of sea water. The water analysed was of the Frith of

Forth, of the specific gravity 1 029.

HH Dr. Marcet. Phil. Trans. 1819, p. 191. The water analysed was

brought by Capt. Hall from the middle of the North Atlantic ocean, N. lat.

f5j°, W. long. 32i°. Its specific gravity was 1 02886.



SEA WATER. 19*7

Besides these constituents Dr. Wollaston has shown that chap. u.

sea water contains about ^Vo-th of its weight of potash. ' *
'

This alkali he thinks exists in sea water united to sulphuric

acid.*

The analyses of Lichtenberg, Pfaff, and Link were of the

Baltic Sea, near the island of Zealand, where it merely tastes

brackish, and has a specific gravity of 1-00701. Bergman's

analysis was of water from the latitude of the Canaries,

brought by Sparrman for the purpose of analysis. The spe-

cific gravity of the sea water, in that latitude, is nearly a

maximum
; yet the quantity of common salt found by Berg-

man was unusually great. The water examined by Lavoisier

was from the English channel. The experiments of Dr.

Murray demonstrate that the salts obtained from sea water

vary according to the mode of analysis. Hence it follows

obviously that the real contituents cannot be detected by eva-

poration and the crystallization of the salts. I lis supposition

that all the constituents of sea water are muriates, except sul-

phate of soda, and that when the salts are concentrated by

evaporation the muriates of lime and magnesia decompose

the sulphate of soda, forming sulphates of lime and of mag-
nesia, is very plausible and probable. We may, therefore,

consider the last column but one of the preceding table as ex-

hibiting a tolerable approximation of the saline contents of

sea water, in the neighbourhood of the British islands. I con-

ceive that the true proportions of salt amounts to about 3'5 per

cent, or about j-j- part.

As far as experiment has gone, the proportion of saline in ae-mx

contents docs not differ much, whatever be the latitude in
pUee,•

which the water of the ocean is examined. Lord Mulgrave,

in north latitude 80°, and GO fathoms under ice, found the

saline contents of sea water 0*0354; in latitude 74°, he found

them 0-036 ; in latitude 60°, 0034. Pages found sea water

taken up in north latitude 45° and 39° to contain 0 04- of

saline contents; and Baumc obtained by analysis, from water

taken up by Pages in north latitude 34° and 14°, exactly the

same proportions of saline matter. In southern latitudes

Pages found the following proportions of saline matters :

• Phil. Trans. 1819, p. 199.
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Book If. Latitude. Saline matter.

*—*—
' 49° 50' 0-0416

46 0 0-045

40 30 0-04

25 54 0-04

20 0 0-039

1 16 0-035

From the experiments made by Bladh on the specific gravity

of sea water in different latitudes it appears that the water

contains more salt at the tropics than towards the equator,

specific If we were acquainted with the proportion between the sa-

water hold- nne contents of sea water and its specific gravity, it would be
ing different eaSy jn an cascs to ascertain the quantity of saline matter
proportions *

_ _
1

of salt in merely by taking the specific gravity of water we wish to exa-
solution. • ri-ii • ii • £•

mine. 1 his would require a set or experiments on purpose;

dissolving in pure water different quantities of the salts con-

tained in sea water in the proportions which they bear to each

other, and ascertaining the specific gravity of every such so-

lution. Dr. Watson has given us a table for ascertaining

that point, as far as common salt is concerned; and as the

salt which he used was not perfectly pure, but contained a

mixture of the different salts usually found in the sea, we may
consider it as very nearly determining the proportion of sa-

line contents in sea water as far as it goes. This table there-

fore I shall here insert.*

Propor. Specific Propor. Specific Propor. Specific

or salt. gravity, i of salt. gravity. of salt. g-ravitv.

0 1-000
j

l

i; l
1-032 i

8 4
1-007

1

~I 1 -206 l

a 4
1-029 1

1 0 8
1-006

1

4
1-160 _i_

* 7
1-027 1

1 -"tT
1-005

\_

h
1-121 1

3 8
1-025 1

1 4 4
1-004

1

7T
1-107 i

3 0
1:024 1

1 ti 1
1-003

1

7
1-096 1

T'J
i

j
7TC

1-023 1

Tinr 1-0029
1

8
1-087 1-020 1-0023

1

9 '

1-074 i

J u
1-019 l 1-0018

TT 1-059 1

4 'i

1-015
4 4 8

1-0017

TT 1 -050 i

4 8
1-014 1

TT 3
1-0014

i

t j
1-048 1

TT 1-013 l

8 4 8
1 -0008

i

i T 1-045 i 1-012 1 1-0006

i

1 8
1-040 L-009

• Watson's Chemical Essays, v. 91.
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This table was calculated at a temperature between 46°

and 55°; but Mr. Kirwan has reduced part of it to the

temperature of 62°, in order to compare it with the specific

gravities of sea water taken at that temperature, or at least re-

duced to it. The specific gravities, thus altered by Kirwan,

are as follows

:

Propor. of Salt. Spec. Grav. at 62°

& 1-0283

Vt 1-0275

,V 1-0270

VT 1<026
~

^ 1-0250

^ 1-0233

VT 10185
1-0133

-jig. 1-0105

rVr l**M
1 0023

This table will enable us to ascertain the saline contents of

sea water in different parts of the Atlantic and Indian oceans,

from the following table of the specific gravity of sea water in

different parts of these oceans, which I have constructed from

the experiments of Bladh,. Horner, John Davy, and Marcet.

Bladh's experimental results are transcribed by Kirwan into

his Geological Essays (p. 350), where I had an opportunity of

making myself acquainted with them. M. Horner accom-

panied Captain Kruscnstcrn in his voyage round the world in

the capacity of astronomer. The results of his experiments

have been published in the third volume of Krusenstcrn's

voyage.* Dr. John Davy collected specimens of sea water

in different latitudes during a voyage from England to Cey-
lon. He took the specific gravities of these specimens, and
the results were inserted in the Philosophical Transactions for

1817 (p. 275). Dr. Marcet made a collection of 68 specimens

of sea water from different parts of the ocean. Their specific

gravities, as determined by him, were inserted in the Philoso-

phical Transactions for 1819 (p. 169). Bladh's longitudes,

arc reckoned from Tcneriffc; the others are from Greenwich.

• They are inserted in Gilbert's Annalen, lxiii. 159. Hence I have
taken the results inserted in the table.
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Specific praylt}

Nos. Latitude. Longitude. of the

Sea water.

d 1 80° 29'IN n° O'E 1-02684 From a depth of 305 fa-

thoms.

d 2 80 28 10 20 1-02680 From bottom depth 185
fathoms.

d S 80 26 10 30 1-02715 Ditto, depth 237 fathoms.

d 4 80 26 10 30 1-02714 Ditto ditto.

d 5 79 57 11 15 1-0267 From a depth of 34 fa-

thoms.

d 6 76 33 1-02664 Ditto 80 fathoms.

d 7 76 32 76 46W 1-02622 Ditto.

d 8 75 54 65 32 1-0259 Ditto.

d 9 75 14 4 49 E 1-02727 From a depth of 756 (?)

fathoms.

d 10 75 14 4 49 1-02727 From surface.

d 11 74 50 59 30W 1-02619 Ditto.

d 12 66 50 68 30 1-02555 Prom a depth of 80 fa-

thoms.

d 13 63 49 55 38 1-0267 Ditto.

A 14 60 30 5 0 1-0271

d 15 59 40 14 46 1-03004 hrom surface.

a 16 59 39 8 48 E 1-0272

a 17 57 18 18 48 1 -0269

a 18 57 1 1 22W 1-0272

5 19 56 0 19 o E 1-0059 Baltic.

d 20 56 22 1-02656 Near the west coast of
T A 1 1
Jutland.

b 21 55 0 19 ow 1 -0275

d 22 54 0 4 30 1-0268 Calf of Man, Irish Sea.

a 23 54 0 4 45 1-0271

A 24 54 30 217 0 1-0077

92

47
50
46
15

lb

Between the island of

^» Sachalin and Tar-
tary.

•

J
6 25 54 0 216 „ 0 1-0222

1 North end of the island
b 26 •54 0 217 0 1-0131

| Sachalin.
129

d 27 53 45 0 20 1-0267 STear Hull.

b 28 .53 0 216 0 1-0212 !"Jorth end of the island

Sachalin.

b 29 .•J3 0 1207 0 1-0244

246
^ In the Ochotchiscan

J Sea.
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ciup. n.

Specific era»it_>

Nos. Latitude. Lonpiludr. of the

Sea Water.

o2 0 rs 201 o w 1 -DO Ifi1 U. rO

b 31 51 0 -200 0 1-0249

U oL 50 0 197 0 1 'MO 11 U 1

h 99 49 0 216 0 1 •<"> 1 1)7 in i alienee Ijiin) near a

n v l i

.

h 9A.U JT 48 0 202 0 1 •flOTQ
J. U- , O 1 i (Mil »i (jcpiii or oU ia-

iiiorns.

48 2S 10 20 i 1

1

- 1

1

d 36 48 25 6 34 1-0300°a v_/ *_f \J Vy—

C J/ 4 / 53 10 28
C 38 +6 28 13 50 1-0256

A f 0 48 0 1 •(lOdA.fi \_-oast oi v^anatia.
/) 4.0•/ r V/ 0 216 0 East side of Cape Aniwa.
A 4-1 46 0 196 0
d 4.9 45 20 45 10 i rom a ucptii oi 2^0 la-

thoms.
d 43 45 15 0 1-02934

L 1 go - oL A
4- 1 •li'?'?fZl U S / o

a 45 1 I1

•7
I 1 0 L 1 li^ i o

6 46 A tl 0 219 0

—TO

^ At ^ t 1°/~\fTfHl A~\n- Tin**^ *\i Ol l w>roil()iI

ncarJcsso. The first

J
li'om surface, second

b 47
J from 50 fatlioms.

*.) 0 21 < 0\\ i -noo l Aniwa Bay, 2 miles from
land, 15 fathoms deep.

r 481 1 i 1 54 1*5 47 1 jo
c 49 4 nM) A O48 16 94 1 U_.iO
fl Ml to A 1

41 0 30 Lj 1 >{\OTf2
I l)/ / 0

b ri\ Hi 0 220 ()\V i uatoo Cape der Russen, Japan.
h K4 to o 1 98 1 UJiO
b 5'A U 36 0 iI UiOO
c 54 3 *767 5 21 35 1 '0286
c 55 Q tJ* 54 22 5

O t

%fj 1 18 En 1 0-80
c 57 / «

»

j J 1 1 21 J ()/f)r

b 58 S3 0 230 0 1 Ut:o4• | Harnourof Nangasaki,

b 59
2/4 J at high water.

32 0 204 0 1 Ozoa
c 60 31 58 22 24 1-0260
b 61 31 0 225 0 1-0278
c 62 30 0 41 0 1-0290
a 63 29 50 0 0 1-0281
c 64 28 25 23 5

!

1-0260
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Bo°Ic Table continued.

Nos.
Specific pravitj

Latitude. Longitude. Of the

Sea Walpr

b 65 28 0 JN 39 0 W 1-0295

c 66 26 36 23 15 1-0273

b 67 26 0 37 0 1-0295

d 68 25 30 32 30 1-02886
b 69 15 0 37 0 1-0295

a 70 Ci Az* 0 2 32 1-0284
b 71 o oz3 0 1 82 0 1-0274
6 72 oozz 0 181 0 1-0280
6 73 oo 0 242 0 1-0272 Near Macao.
c 74 19 I 22 47 1-0256
6 75 19 0 246 0 1-0281

a 76 lb 28 3 24 1-0281

a 77 16 36 3 37 1-0277
c 78 16 47 /in22 37 1-0267

c 79 15 4 21 26 1-0276

a 80 1 1

14? 56 Ci3 46 1-0275

c 81 1 o12 56 20 20 1-0275

d 82 0 HA74 0 1L 1-02772 Off Cochin.
d 83 10 50 24 26W 1-02825

a 84 10 30 3 49 1-0272

6 85 10 0 250 0 1-0262

c 86 9 J o42 19 20 1-0276

c 87 8 23 19 16 1-0277

d 88 7 0 80 0 XL 1-0309 Off Colombo, Ceylon.
c 89 6 57 1

9

1 0 vv 1-0277

6 90 6 0 254 0 1-0270 From a depth of 25 fa-

thoms.

a 91 5 50 3 28 1-0274

c 92 4 9 19 15 1-0277

c 93 4 2 18 44 1-0275

c 94 4 0 18 30 1-0270

d 95 4 0 23 0 1-02772

b 96 4 0 23 0 1-0280 After six hours rain.

d 97 ft

3 o oZO O 181 A T?4 iL 1-03022

C 98 z 58 18 A A ~\H744W 1*02 ^00

a 99 2 20 ft
3 26 1-0271

a 100 1 25 3 30 1-0273

c 101 1 20 21 10 1-0264

U 1 VJZi 0 0 25 30
d 103 0 0 23 0 1-02785

d 104 0 0 83 0E 1-02807

d 105 0 0 92 0 1-02692
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Table continued. chan rr

Specific sravit;

Nw. Latitude. Longitude. of the

Sea water.

t i uo 0° 12 S 21° 50 VV 1 -r\Qfl i.

U IV 1 0 16 3 40 1 ,/in""
1 Ujii

n i no 1 28 22 20 1 vzo-h

c luy 1 40 63 35 1 (J'1.7 J

0 111) 3 0 145 0
/rill
fl I 1 1 5 10 6 0 I 0 1 1 4

J 1 ion \ \ 1 8 30 32 0
Alio 8 0 139 0 i -noa l

J u^o I

9 0 35 0 1 -02920

u 1 i 0 10 0 6 5 1 .AOQ C

l- 1 IO 10 30 24 25 1 .AO/v Q
I UiUJ

/i 1 1 7 11 30 33 7 At 1 ernambucco.
n IKu X 1 O 14 40 7 0

1 .At)C
1 02 s

. >
M 1 1 () 20 6 5 30
a] 1 orjU 1 21 0 0 0 1 .At)C! 1 f\

J ilsO 1 U

21 45 65 25 1 02.^9
r 199 22 36 26 30 1 VXD r

U 1 -J 23 30 73 0 E 1 02o3

1

U 1 Z'r 25 30 5 30 I '03209
/•/ 1 91 25 45 2 22\V 1 02o I

// 1
(>(\l< 1 9 U 28 0 43 0 E I•08 < I Mosanibitfuc.

a 1 97 30 25 7
. .

12
r 193 ft /•*

30 25 20 0\\
A 1 oq 31 0 101 0 I "02 , h

/i 1 'If) 32 0 102 0 1 02. 6
C I'll 32 4 ' 58 18 1 A/XDVJ
r 1 °.9 34 45 5 31 1 !0S5]
r 1 9.°. 34 1 17 51 I '0859
#7 1 Ml 35 0 56 0 1 -02545
d 1 91 35 10 21 0 E 1 '0275 lianks or Lagullar.
i7 1 9fi 35 33 0 21 1 '03 1

6

35 57 24 o\v 1 '0253
87 37 68 13 E l'()276

/) 1 SO 39 0 100 0\V 1 '0267
A 1 in
I ' 1 rU 40 0 51 0 1'0293
/) lit] 44 0 57 0 1-0271
/> l -io 4-8 0 63 0 1-0266
/> 143 .52 0 65 0 1-0264-

56 0 S<) 0- 1-0255
h 145 56 0 90 0 1 <MM
A 146 57 0 80 0 1-0258
6 147 58 0 66 0 1-0251
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Table continued.

No*. Latitude. Lougituile.

Spec, pri-

vity of the

Sea Water.

Yellow
Sea.

d 148 35° O'W 0° 0' 1-02291

Mediter-
ranean.

d 149

d 150

d 151

36 0

36 0
0 0

5 ew

5 0
0 0

1-0301

1-0305

i-0273

Straits of Gibraltar. Depth 250
fathoms.

Ditto from the surface.

From Marseilles.

Sea of

Mar-
mora.

d 152

d 153

d 154

d 155

40 0

40 5

41 0

41 0

26 12 E

26 12

29 0

29 0

1 -0281

9

1 -02028
1 '01444

1-01328

Riifronp** f\f til** TJpllpsnntirl.llllil|jt.<_ \J I lli' III. 1 ItOUU 111.

Bottom, depth 34 fathoms.

Ditto surface.
ii t ra n/*<» r»F Rncnhnnic MrtffnmLillUalltC Ul I > 1 1M J U U 1 u > # J j l J L l < J 1 11 ,

30 fathoms.

Ditto surface.

Black
Sea.

d 156

d 157

0 0
0 0

0 0
0 0

1-01422

1 01414

White
Sea.

d 158

d 159
65 15

0 0
39 19

0 0
1-01894
1-01909

Baltic

Sea.

<2 160

d 161

rf 162

163

164

165

56 0
57 39

56 0

0 0
0 0
0 0

15 0
0 0

12 40

0 0
0 0
0 0

1-0049

1-02593

1-01587

1-00476
1-00701

1 -02037

Carlsham Harbour.
Catcgat, near the east coast of

Jutland.

Sound—half way between Swe-
den and Denmark.

At Tunaberg.
Sound. Sw edish side.

Scaw Point.

The letter a denotes the observations of Bladh, the letter b

those of Horner, c those of Dr. John Davy, d those of Dr.

Marcet. The last three results in the table were by myself.

It does not appear from the preceding table that the sea is

Salter at great depths than at the surface. There is indeed a

remarkable exception, viz. the entrance into the Dardanelles

:

At the bottom of the strait the specific gravity of the water

is 1*028, at the surface it is only 1*020. This is probably

owing to a current of salter water flowing from the Black sea

into the Mediterranean.

Inland seas are less salt than the ocean. This is remark-

ably the case with the Baltic. It holds also with the Black

sea, the White sea, the Yellow sea, the sea of Marmora, and

the Ochitchiskan sea. But the Mediterranean constitutes a

remarkable exception. This is explained by showing that the

rivers which flow into this sea are not sufficient to balance the

evaporation from its surface. It is therefore partly supplied

by a flow of water from the ocean.
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The southern hemisphere seems to be less salt than the chap. h.

northern. Will this serve to account for the greater cold v

which occupies that hemisphere ? May not the sea, on ac-

count of its less saltness, freeze in greater quantity, and may

not this accumulation of ice have gradually cooled down that

hemisphere to the temperature which it has at present?

From the experiments of "Wilcke, we learn that the Baltic

contains much less salt than the ocean ; that the proportion

of its salt is increased by a west wind, and still more by a

north-west wind. The specific gravity of the Baltic water,

ascertained by this philosopher under these different cir-

cumstances, and reduced by Mr. Kirwan to the temperature

of 62°, is exhibited in the following table

:

Specific Gravity.

1 -0039 Wind at E.

1-0067 Ditto at W.
1-01 18 Storm at W.
1-0098 Wind at N. W.

From this table it appears that the proportion of salt in

the Baltic, when an cast wind prevails, is only -r^; and that

this proportion is doubled by a westerly storm : a proof not

only that the saltness of the Baltic is derived from the neigh-

bouring ocean, but that storms have a much greater effect

upon the waters of the ocean than has been supposed.* The
Euxinc and Caspian seas, if we believe Tourncfort, are less

salt than the ocean ; t but it is probable that the Mediterranean

is at least as salt as the Atlantic.

The water of the Dead Sea differs exceedingly from sea The De»a

water. Its specific gravity is 1*21 l;l and it is saturated with

salt, containing no less than 21*0 per cent, of saline matter.

According to the analysis of Lavoisier, it is composed of

• Kirwan's Geological Essays, p. 356. I found the specific grarity of

water taken from the Baltic in calm weather, as follows :

Takeu up at Tunaberg 1-00476

the Sound 1 00701

the Scaw point. . . . 1-02037

Water from Tunaberg contains just one-seventh of the salt contained in

the water of the Frith of Forth.

t Tourncfort'* Voyages, ti. 410. $ MarcCt.
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55-60 water

38*15 muriate of lime and of magnesia
6*25 common salt

100-00*

But by the analysis of Dr. Marcet, the constituents con-

tained in 100 parts of the water of this lake, are in the fol-

lowing proportions

:

3*920 muriate of lime

10*246 muriate of magnesia

10*360 muriate of soda

0*054 sulphate of lime

75*420 water

100 *000

f

The water of this lake, therefore, ought to be distinguished

from sea water ; and might with propriety be included among
mineral waters. Dr. Marcet found the constituents of the

river Jordan, which flows into the Dead Sea, similar, but the

salts do not exceed -g-g-o-th part of the solid contents.

Lake Ourmia, or Urumea, a small sea situated in the pro-

vince of Azerbijan in Persia, at no great distance from the

volcanic region of Mount Ararat, approaches the Dead Sea

in the nature and quantity of its saline contents. A phial of

it was sent by Mr. Browne, to Mr. Smithson Tennant, which

has been lately analyzed by Dr. Marcet. Its specific gravity

was 1*16507. 10,000 grains of it left when evaporated to dry-

ness, 2230 grains of salt. These salts, according to Dr. Mar-

cet's analysis,:]: are the following :

Muriate of soda 2245-20

Sulphate of soda 489 ;96

Sulphate of magnesia ...... 262*50

2997-66

* Mem. Par. 1778, p. 69'.

f Nicholson's Jour. xx. 25. The constituents of sulphate of lime, and

of sulphate of barytes, being taken by Dr. Marcet from the erroneous

analysis of Chcnevix, will make a small error in the quantity of sulphate of

lime ; but the quantity of this salt contained in the water is so small, that

the error may be reckoned immaterial. I have omitted Klaproth's analysis

as less accurate than Marcet's. See Annals of Philosophy, i. 36. Gay-

Lussac has published a Jew analysis of this water, differing a good deal

from that of Dr. Marcet. See Annals of Philosophy, xiv. 470.

% Phil. Trans. 1819, p. 202.

Book n.
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The quantity of saline contents from this analysis consider- chap.m.

ably exceed what was obtained by evaporating the water to ^^v—

^

dryness. One reason of this is that Dr. Marcet, in his ana-

lysis, only dried the salts in a temperature of 212°, while the

saline residue was exposed to a red heat. If the water was

evaporated in an open capsule, a portion of the saline contents

would be carried off during the evaporation. This, 1 think,

likely to have happened.

CHAP. III.

OF MINERAL WATERS.

All waters which are distinguished from common water by Mmi
a peculiar smell, taste, colour, &.c. and which in consequence w>tCT1

of these properties cannot be applied to the purposes of do-

mestic economy, have been distinguished by the appellation of

mineral waters. These occur more or less frequently in dif-

ferent parts of the earth, constituting wells, springs, or foun-

tains ; sometimes ot the temperature of the soil through which

they pass, sometimes warm, and in some cases even at the

boiling temperature. Many of these mineral springs attracted

the attention of mankind in the earliest ages, and were resorted

to by those who laboured under diseases, and emploved by
them either externally or internally as a medicine. But it was

not till towards the end of the 17th century that any attempt

was made to detect the ingredients of which these waters were

composed, or to discover the substances to which they owed
their properties.

Mr. Boyle may be considered as the first person who pointed a

out the method of examining water. He first ascertained the iV
a,jr"e

. m • •
tnrm.

existence of air in it, and pointed out a number of tests, by
means of which conjectures might be made concerning the sa-

line bodies which the water examined held in solution. In

1665, Dominic du Clos attempted to examine the different mi-
neral waters in France. He employed almost all the re-agents
recommended by Boyle, and likewise added several of his own.
In 1680, Hieme published a set of experiments on the mi-
neral waters of Sweden. Soon after various improvements
were introduced by Regis. Diilier, Burlet,and Homberg; and
in 1726 Boukloc pointed out a method of precipitating several
of the saline contents of water by means of alcohol. But it
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Book it was not till after the discovery of carbonic acid by Dr. Black,
v

v that any considerable progress was made in ascertaining the

composition of mineral waters. That subtile acid which is so

often contained in them, and which serves as a solvent to many
of the earths and even metallic bodies, had thwarted all the

attempts of former chemists to detect the composition of these

liquids. Since the discovery of that acid, the analysis of mi-
neral waters has advanced with great rapidity, in consequence

chiefly of the admirable dissertation on the analysis of mineral

waters published by Bergman in 1778. Since that period

much has been done by the labours of Gioanetti, Black, Klap-

roth, Westrumb, Fourcroy, Breze, Kirwan, and many other

eminent chemists. So that notwithstanding the difficulty of

the subject, scarcely any branch of chemistry has made greater

progress, or is farther advanced than the knowledge of mineral

waters. Of late indeed Dr. Murray of Edinburgh has pub-

lished a general formula, applicable to the analysis of mineral

waters in general, and considerably simplifying the labour of

analysis.

coniutn- The substances hitherto found in mineral waters amount to

about 38, and may be reduced under the four following heads :

1. Air and its component parts, oxygen and azotic gas. 2.

Acids. 3. Alkalies and earths. 4. Salts.

1. Air. I. 1. Air is contained in by far the greater number of mi-

neral waters : its proportion does not exceed -5—tft of the bulk

of the water.

2. Oxygen gas was first detected in waters by Scheele. Its

quantity is usually inconsiderable ; and it is incompatible with

the presence of sulphuretted hydrogen gas or iron.

3. Azotic gas was first detected in Buxton water by Dr.

Pearson. Afterwards it was discovered in Harrowgate waters

by Dr. Garnet, and in those of Limington Priors by Dr.

Lambe.

2. Aciiu. II. The only acids hitherto found in waters, except in com-

bination with a base, are the four following: carbonic, sul-

phurous, boracic, and sulphuretted hydrogen gas.

1. Carbonic acid was first discovered in Pyrmont water by

Dr. Brownrigg. It is the most common ingredient in mine-

ral waters, 100 cubic inches of the water generally containing

from 6 to 40 cubic inches of this acid gas. According to

Westrumb, 100 cubic inches of Pyrmont water contain 187

cubic inches of it, or almost double its own bulk.

2. Sulphurous acid has been observed in several of the hot
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mineral waters in Italy, which are in the neighbourhood of chap.nr.

volcanoes.

3. The boracic acid has also been observed in some lakes in

Italy.

4. Sulphuretted hydrogen gas constitutes the most conspi-

cuous ingredient in those waters which are distinguished by

the name of hepatic or sulphureous.

III. The only alkali which has been observed in mineral
J^JJJJ

waters, uncombined, is soda ; and the only earthy bodies are

silica and lime.

1. Dr. Black detected soda in the hot mineral waters of

Geyzer and Ilykum in Iceland ; but in most other cases the

soda is combined with carbonic acid.

2. Silica was first observed in waters by Bergman. It was

afterwards detected in those of Geyzer and Ilykum by Dr.

Black, and in those of Carlsbad by Klaproth. Hassenfratz

observed it in the waters of Pougues, and Breze in those of

Pu. It has been found also in many other mineral waters.

3. Lime is said to have been found uncombined in some mi-

neral waters ; but this has not been proved in a satisfactory

manner.

IV. The only salts hitherto found in mineral waters arc the Saiu.

following, su/phutes, nitrates, muriates, carbonates, and hydro-

su/p/iurels

:

1. Sulphate of soda 15.

2. 16.

3. 17.

4. 18.

5. 19.

6. 20.

21.

8. Nitrate of potash 22.

9. 23.

10. 24.

11. Muriate of potash 25.

12. 26.

13. 27.

1 k 28.

alumina

soda

lime

magnesia

alumina?

iron

Hydrosulph. of lime

potash

Ot these genera the carbonates and muriates occur by far most
ommonly, and the nitrates most rarely.

1. Sulphate of soda is not uncommon, especially in those
mineral waters which are distinguished by the epithet saline.

TOL. III. p

c
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Book ii. 2. Sulphate of ammonia is found in mineral waters near
^"

"

v~/

volcanoes.

3. Sulphate of lime is exceedingly common in water. Its

presence seems to have been first detected by Dr. Lister in

1682. It would seem to be generally formed during the eva-

poration of mineral waters by the action of sulphate of soda

on muriate of lime.

4. Sulphate of magnesia is almost constantly an ingredient

in those mineral waters which have purgative properties. It

was detected in Epsom waters in 1610, and in 1696 Dr. Grew
published a treatise on it.

5. Alum is sometimes found in mineral waters, but it is ex-

ceedingly rare.

6 and 7. Sulphate of iron occurs sometimes in volcanic mi-

neral waters, and has even been observed in other places. But
sulphate of copper is only found in the waters which issue from

copper mines.

8. Nitre has been found in some springs in Hungary ; but

it is exceedingly uncommon.
9. Nitrate of lime was first detected in water by Dr. Home

of Edinburgh in 1756. It is said to occur in some springs in

the sandy deserts of Arabia.

10. Nitrate of magnesia is said to have been found in some

springs.

1 1 . Muriate of potash is uncommon ; but it has been dis-

covered in the mineral springs of Uhleaborg in Sweden by

Julin.

12. Muriate of soda is so exceedingly common in mineral

waters, that hardly a single spring has been analyzed without

detecting some of it.

13. Muriate of ammonia is uncommon; but it has been

found in some mineral springs in Italy and in Siberia.

14. Muriate of barytes is still more uncommon ; but its pre-

sence in mineral waters has been announced by Bergman.

15 and 16. Muriates of lime and magnesia are common in-

gredients.

17. Muriate of alumina has been observed in waters by Dr.

Withering ; but it is very uncommon.

18. Muriate of manganese was mentioned by Bergman as

sometimes occurring in mineral waters. It has lately been de-

tected by Lambc in the waters of Lcmington Priors; but in

an extremely limited proportion, and by Dr. Scudamore in the

water of Tunbridge Wells.
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1

19. The presence oi' carbonate of potash in mineral waters ch»v- M
has been mentioned by several chemists : if it does occur, it

v

must be in a very small proportion.

20. But carbonate of soda is, perhaps, the most common
ingredient of these liquids, if we except common salt and car-

bonate of lime.

21. Carbonate of ammonia has been discovered in waters;

but it is uncommon.

22. Carbonate of lime is found in almost all waters, and is

usually held in solution by an excess of acid. It appears from

the different experiments of chemists, as stated by Mr. Kir-

wan, and especially from those of Berthollet, that water satu-

rated with carbonic acid is capable of holding in solution 0*002

of carbonate of lime". Now water saturated with carbonic

acid, at the temperature of 50°, contains very nearly 0*002 of

its weight of carbonic acid. Hence it follows that carbonic

acid, when present in such quantity as to saturate water, is ca-

pable of holding its own weight of carbonate of lime in solu-

tion. Thus we see that 1000 parti by weight of water, when
i it contains two parts of carbonic acid, is capable of dissolving

I two parts of carbonate of lime. When the proportion of water

is increased, it is capable of holding the carbonate of lime in

solution, even when the proportion of carbonic acid united

with it is diminished. Thus 2+,000 parts of water are capable

i of holding two parts of carbonate of lime in solution, even

i when they contain only one part of carbonic acid. The greater

I the proportion of water, the smaller proportion of carbonic

acid is neevssary to keep the lime in solution; and when the

'water is increased to a certain proportion, no sensible excess

( of carbonic acid is necessary to keep the lime in solution.
*

lit ought to be remarked also, that water, how small a quan-.

: tity soever of carbonic acid it contains, is capable of holding

carbonate of lime in solution, provided the weight of the

i carbonic acid present exceed that of the lime.* These obser-

wations apply equally to the other earthy carbonates held in

> solution by mineral waters.

'23. Carbonate of magnesia is also very common in mineral

waters, and is almost always accompanied by carbonate of

lime.

24. Carbonate of alumina is said to have been found in

•waters ; but its presence has not been properly ascertained.

* Kirwan on Mineral Waters, p. ljt

r 2
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MINERAL WATERS.

5. Vegetable "\r

and animal

25. Bat carbonate of iron is by no means uncommon; in-

deed it forms the most remarkable ingredient in those waters
which are distinguished by the epithet of chalybeate.

26 and 27. The hydrosulphurets of lime and of soda have
been frequently detected in those waters which are called sul-

phureous or hepatic.

28. Borax exists in some lakes in Persia and Thibet; but
the nature of these waters has not been ascertained.*

V. Besides these substances, certain vegetable and animal
maKer. matters have been occasionally observed in mineral waters. But

in most cases these are rather to be considered in the light of
accidental mixtures than of real component parts of the waters

in which they occur.

From the above enumeration, we are enabled to form a

pretty accurate idea of the substances which occur in mineral

waters ; but this is by no means sufficient to make us acquainted

with these liquids. No mineral water contains all of these

substances. Seldom are there more than five or six of them
present together, and hardly ever do they exceed the number
of eight or ten. The proportion too, in which they enter into

mineral waters, is generally small, and in many cases extremely

so. Now in order to understand the nature of mineral waters,

k is necessary to know the substances which most usually as-

sociate together, and the proportion in which they commonly

associate. In the greater part of mineral waters there is usually

some substance present, which, from its greater proportion, or

its greater activity, stamps, as it were, the character of the

water, and gives it those properties by which it is most readily

distinguished. This substance of course claims the greatest

attention, while the other bodies which enter in a smaller pro-

portion may vary, or even be absent altogether, without pro-

ducing any sensible change in the nature of the water. This

circumstance enables us to divide mineral waters into classes,

distinguished by the peculiar substance which predominates in

Mineral each. Accordingly they have been divided into four classes;

namely,

1. Acidulous, 8. Hepatic,

2. Chalybeate, 4. Saline.

Let us take a view of each of these classes.

i.Aci.iu- 1. The acidulous waters contain a considerable proportion
lous,

waters di-

vided into

four classes

* Kinvnn on Miner*! Waters, p. 8, Sec.
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of carbonic acid. They are easily distinguished by their acid ch^nr

taste, and by their sparkling like champaign wine when poured ^
into a glass. They contain almost constantly some common

salt, and in general also a greater or smaller proportion of the

earthv carbonates.

2. The chalybeate waters contain a portion of iron* anil are a^cta*

easily distinguished by the property which they have of striking

a black with the tincture of nutgalls. The iron is usually held

in solution by carbonic acid. It very often happens that this

acid is in excess ; in which case the waters are not only chaly-

beate but acidulous. Tins is the case with the waters ot Spa

and Pyrmont. In some instances the iron is in the state of

a sulphate; but this is uncommon. Waters containing the

sulphate of iron may be readily distinguished by the property

which they have of continuing to strike a black with tincture

of nutgalls even after being boiled and filtered ;
whereas boil-

ing decomposes the carbonate of iron, and causes its base U>

precipitate.

3. The hepatic or sulphureous waters are those which con- 3. Htpuic,

tain sulphuretted hydrogen gas. These waters are easily dis-

tinguished by the odour of sulphuretted hydrogen gas which

they exhale, anil by the property which they have of blacken-

ing silver and lead. The nature of the waters belonging to

this class long puzzled chemists. Though they often deposite

sulphur spontaneously, yet no sulphur could be artificially se-

parated from them. The secret was at last discovered by Berg-

man. These waters are of two kinds : in the first the sul-

phuretted hydrogen is uneombined ; in the MCOflld it is united

to lime or an alkali. They are frequently also impregnated

with carbonic acid, and usually contain some muriates or sul-

phates.

4. Saline waters arc those which contain only salts in solu- 4. saline,,

tion, without iron or carbonic acid in excess. They may be

distinguished Into four different orders. The waters bclong-

ing to the first order contain salts whose base is lime, and ge-

nerally either the carbonate or the sulphate. They are known
by the name of hard waters, and have but a slight disagree-

able taste. The waters beloiifrinir to the second order arc those

in which common salt predominates. They are readily re-

cognised by their salt taste, and like sea water usually contain

some magnesias and calcareous salts. The waters of the third

order contain sulphate of magnesia. They have a bitter taste

and arc purgative. Finally, the waters of the fourth order are
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Book a. alkaline, containing carbonate of soda. They are easily dis-
v*~^

v' ' languished by the property which they have of tinging vege-

table blues green.

Such is a short view of the different classes of mineral waters.

A particular description of each particular spring would be

inconsistent with the plan of this work.* But a pretty accu-

rate notion may be formed of the salts which most commonly
associate, and of the proportions of each, from the following

Table, which exhibits a synoptical view of the component

parts of a considerable number of mineral waters, as analyzed

by different chemists.

* The reader will find an accurate account of the properties and consti-

tuents of the most celebrated mineral springs, both British and foreign, in

Dr. Saunders's Treatise on the Chemical History and Medical Powers of the

most celebrated Mineral Waters. From this excellent work I have borrowed

several of the analyses which appear in the ensuing table in the text.
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CHAP. IV.

OF THE METHOD OF ANALYZING WATERS.

Book ii. The analysis of waters, or the art of ascertaining the dif-
~v ferent substances which they hold in solution, and of deter-

mining the proportion of these substances, is one of the most
difficult things in chemistry. The difficulty arises not only

from the diversity of the bodies which occur in waters, but

from the very minute quantities of some of the ingredients.

Though many attempts had been made to analyzeparticular wa-

ters, and several of these were remarkably well conducted, no
general mode of analysis was known till Bergman published his

Treatise on Mineral "Waters in 1778. This excellent tract

carried the subject all at once to a very high degree of per-

fection. The Bergmannian method has been followed by

succeeding chemists, to whom we are indebted not only for a

great number of very accurate analyses of mineral waters,

but likewise for several improvements in the mode of con-

ducting the analysis. Mr. Kirwan has in 1799 published an

essay on the general analysis of waters, no less valuable than

that of Bergman
;
containing all that has hitherto been done

on the subject, and enriched by the numerous experiments of

Mr. Kirwan himself. Mr. Kirwan has given a new method

of analysis, which will probably be adopted hereafter; not

only because it is shorter and easier than the Bergmannian,

but because it is susceptible of a greater degree of accuracy-

I propose in this chapter to give an account of this method,

modified however by our recent improved knowledge of the-

constituents of the salts.

The analysis of waters resolves itself into two different

branches: 1. The method of ascertaining all the different

bodies contained in the water which we are examining. 2. The
method of determining the exact proportion of each of these

ingredients. These two branches form the subject of the two

following sections.
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SECT. L

METHOD OF DETERMINING THE INGREDIENTS OF WATERS.

The different bodies which are dissolved and combined in CM* i*«

water, are discovered by the addition of certain substances to

the water which is subjected to examination. The consequence

of the addition is some change in the appearance of the water

;

and this change indicates the presence or the absence of the

bodies suspected. The substances thus employed are distin-

guished by the name of tests, and arc the instruments by means Tett*

of which the analysis of water is accomplished. They were

first introduced into chemistry by Boyle, and were gradually

increased by succeeding chemists: but Bergman was the first

who ascertained with precision the degree of confidence w hich

can be placed in the different tests. They still continued ra-

ther uncertain and precarious, till Mr. Kirwan showed how
' they might be combined and arranged in such a manner as to

give certain and precise indications whether or not any parli-

i cular substance constitutes a component part of water. Let

I us consider by what means the presence or the absence of all

; the different substances which occur in waters may be ascer-

i tained.

I. The gaseous bodies contained in water are obtained by
! boiling it in a retort luted to a pneumatic apparatus. The
: method of separating and examining these different bodies

shall be described in the next section.

II. '1 he presence of carbonic acid, not combined w ith a c*thoni«

I base, or combined in excess, may be detected by the follow ing
'

i tests : 1. Lime-water occasions a precipitate soluble with

I effervescence in muriatic acid. 2. The infusion of litmus is

'reddened; but the red colour gradually disappears, and may
I be again restored by the addition of more of the mineral
water.* 3. When boiled it loses the property of reddening

; the infusion of litmus.

HI. The mineral acids, when present uncombincd in w ater, Min«»i

give the infusion of litmus a permanent red, even though the ,c 'd,,

* When the carbonic acid is uncombined with a base, it reddens the in-

fusion of litmus, though it amounts to no more than one-sixteenth of the
I bulk of the water which contains it. When it is combined in excess with
a base, it must amount to one sixth of the bulk of the water to produce that

« effect.—See Kirwan on Mineral Waters, p. 35.
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METHOD OF ANALYZING WATERS.

water has been boiled. Bergman lias shown that a paper
stained with litmus is reddened when dipped into water con-
taining

-jj-yV? of sulphuric acid.

IV. Water containing sulphuretted hydrogen gas is dis-

tinguished by the following properties: 1. It exhales the pe-

culiar odour of sulphuretted hydrogen gas. 2. It reddens the

infusion of litmus fugaciously. 3. It blackens paper dipped
into a solution of lead, and precipitates the nitrate of silver

black or brown.

V. Alkalies, and alkaline and earthy carbonates, are distin-

guished by the following tests: 1. The infusion of turmeric,

or paper stained with turmeric, is rendered brown by alkalies,

or reddish brown if the quantity be minute. This change is

produced when the soda in water amounts only to W-prP^1'*

2. Paper stained with Brazil wood, or the infusion of Brazil

wood, is rendered blue : but this change is produced also by
the alkaline and earthy carbonates. Bergman ascertained

that water containing v^ -

b
part of carbonate of soda renders

paper stained with Brazil wood blue.f 3. Litmus paper red-

dened by vinegar is restored to its original blue colour. This

change is produced by the alkaline and earthy carbonates

also. 4. When these changes are fugacious, we may con-

clude that the alkali is ammonia.

VI. Fixed alkalies exist in water which occasions a preci-

pitate with muriate of magnesia after being boiled. Volatile

alkali may be distinguished by the smell, or it may be obtained

in the receiver by distilling a portion of the water gently, and

then it may be distinguished by the above tests.

VII. Earthy and metallic carbonates are precipitated by

boiling the water containing them
;
except carbonate of mag-

nesia, which is only precipitated imperfectly.

VIII. Iron is discovered by the following tests: 1. The
addition of tincture of nutgalls gives water containing iron a

purple or black colour. This test indicates the presence of a

very minute portion of iron. If the tincture has no effect

upon the water after boiling, though it colours it before, the

iron is in the state of a carbonate. The following observations

* The same change is produced by lime water; but pure lime very sel-

dom indeed occurs in mineral waters. It is needless to observe, that the

alkalies produce the same effect on turmeric, whether they be pure or inth#

state of carbonates. The earthy carbonates have no effect on turmeric.

f Sulphate of lima likewise renders Brazil wood blue.
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of Westrumb on the colour which iron gives to nutgalls, as o.ap.iv.

modified by other bodies, deserve attention. '

A violet indicates an alkaline carbonate or earthy salt.

Dark purple indicates other alkaline salts.

Purplish red indicates sulphuretted hydrogen gas *

Whitish and then black indicates sulphate of lime.

Mr. Philips has ascertained, that while the iron is in the state

of protoxide, the presence of lime rather facilitates the appli-

cation of this test; but the lime prevents the test from acting,

provided the iron be in the state of pcroxide.f 2. The prus-

sian alkali occasions a blue precipitate in water containing

iron. If an alkali be present, the blue precipitate does not

appear unless the alkali be saturated with an acid.

IX. Sulphuric acid exists in waters which form a prccipi- sulphuric

tatc with the following saline solutions :

lcld '

1. Muriate, nitrate, or acetate of barytes.

2 strontian.

3 lime.

4. Nitrate or acetate of lead.

I Of these the most powerful by far is muriate of barytes, which

is capable of detecting the presence of sulphuric acid uneom-

bined, when it does not exceed the millionth part of the

water. Acetate of lead is next in point of power. The mu-

riates are more powerful than the nitrates. The calcareous

salts are least powerful. All these tests arc capable of indicat-

ing a much smaller proportion of uncombinetl sulphuric acid

; than when it is combined with a base. X To render muriate of

barytes a certain test of sulphuric acid, the following precau-

tions must be observed: 1. The muriate must be diluted.

.2. The alkalies, or alkaline carbonates, if the water contain

any, must be previously saturated with muriatic acid. 3. The
precipitate must be insoluble in muriatic acid. 4. If boracic

acid be suspected, muriate of strontian must be tried, which is

I not precipitated by boracic acid. 5. The hydrosulphurets

; precipitate barytic solutions, but their presence is easily dis-

covered by the smell.

X. Muriatic acid is detected by nitrate of silver, which oc- Moriati.

. casions a white precipitate or a cloud in water containing an *cid*

exceedingly minute portion of this acid. To render this test

• Or rather manganese, according to Kirwan.

t Phil. Mag. xxit. 349. J Kirwan on Mineral Waters, p. 65.
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certain, the following precautions are necessary: 1. The al-

kalies or carbonates must be previously saturated with nitric

acid. 2. Sulphuric acid, if any be present, must be previously

removed by means of nitrate of barytes. 3. The precipitate

must be insoluble in nitric acid.

XI. Boracic acid is detected by means of acetate of lead,

with which it forms a precipitate insoluble in acetic acid. But
to render this test certain, the alkalies and earths must be
previously saturated with acetic acid, and the sulphuric and
muriatic acids removed by means of acetate of strontiau and
acetate of silver.

XII. Barytes is detected by the insoluble white precipitate

which it forms with diluted sulphuric aoid.

XIII. Lime is detected by means of oxalic acid, which
occasions a white precipitate in water containing a very mi-

nute proportion of this earth. To render this test decisive,

the following precautions are necessary : 1. The mineral acids,

if any be present, must be previously saturated with an alkali.

2. Barytes, if any be present, must be previously removed by

means of sulphuric acid. 3. Oxalic acid precipitates magne-
sia but very slowly, whereas it precipitates lime instantly.

XIV. Magnesia and alumina. The presence of these earths

is ascertained by the following tests: 1. Pure ammonia preci-

pitates them both, and no other earth, provided the carbonic

acid has been previously separated by a mineral alkali and

boiling. 2. Lime-water precipitates only these two earths,

provided the carbonic acid be previously removed, and the

sulphuric acid also, by means of nitrate of barytes.

The alumina may be separated from the magnesia after both

have been precipitated together, either by boiling the preci-

pitate in pure potash, which dissolves the alumina and leaves

the magnesia; or the precipitate may be dissolved in muriatic

acid, precipitated by an alkaline carbonate, dried in the tem-

perature of 100°, and then exposed to the action of diluted

muriatic acid, which dissolves the magnesia without touching

the alumina.

XV. Silica may be ascertained by evaporating a portion of

the water to dryness, and redissolving the precipitate in muri-

atic acid. The silica remains behind undissolved.

Such is the method of detecting the different substances

commonly found in waters. But as these different substances

arc almost always combined together, so as to constitute par-

ticular salts, it is not sufficient to know in general what the
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substances arc which are found in the water wc are examining; Cbap. iv.

we must know also in what manner they are combined. Thus v

It is not sufficient to know that lime forms an ingredient in a

particular water; we must know also the acid with which it is

united. Mr. Kirwan first pointed out how to accomplish this

difficult task by means of tests. Let us take a short view of

his method.

I. To ascertain the presence of the different sulphates. sulphates:

The sulphates which occur in water are seven; but one of

these, namely, sulphate of copper, is so uncommon, that it may

be excluded altogether. The same remark applies to sulphate

of ammonia. It is almost unnecessary to observe, that no

sulphate need be looked for unless both its acid and base have

been previously detected in the water.

L Sulphate of soda may be detected by the follow ing me- 1. AMpM,

thod: Free the water to be examined of all earthy sulphates

by evaporating it to one-half, and adding lime-water as long as

any precipitate appears. By this means the earths will all be

precipitated except lime, and the only remaining earthy sul-

phate w ill be sulphate of lime, which w ill be separated by eva-

porating the liquid till it becomes concentrated, and then

dropping into it a little alcohol, and after filtration adding a

little oxalic acid.

With the water thus purified, mix solution of lime. If a

precipitate appears either immediately or on the addition of a

little alcohol, it is a proof that sulphate of potash or of soda is

present. W hich of the two may be determined by mixing

some of the purified water with acetate of barytes: sulphate

of baryles precipitates. Filter and evaporate to dryness.

Digest the residuum in alcohol. It will dissolve the alkaline

acetate. Evaporate to dryness, and the dry salt will deli-

quesce if it be acetate of potash, but effloresce if it be acetate

of soda.

2. Sulphate of lime may be detected by evaporating the 9 . c*ic*r*.

w ater suspected to contain it to a few ounces. A precipitate 0 ,,

appears, which, if it be sulphate of lime, is soluble in 500 parts

of water; and the solution affords a precipitate with the mu-
riate of barytes, oxalic acid, carbonate of magnesia, and with

alcohol.

3. Alum may be detected by mixing carbonate of lime with s. Alum,

the water suspected to contain it. If a precipitate appears, it

indicates the presence of alum, or at least of sulphate of alu- .

mina; provided the water contains no muriate of barytes or



222 METHOD OF ANALYZING WATERS.

Bookn. metallic sulphates. The first of these salts is incompatible

with alum. The second may be removed by the alkaline

prussiates. When a precipitate is produced in water by mu-
riate of lime, carbonate of lime, and muriate of magnesia,

we may conclude that it contains alum or sulphate of alumina.

*. Magne- 4* Sulphate of magnesia may be detected by means of hy-
sian

> drosulphuret of strontian, which occasions an immediate pre-

cipitate with this salt and with no other; provided the water

be previously deprived of alum, if any be present, by means
of carbonate of lime, and provided also that it contains no
uncombined acid, nor even carbonic acid.

5. of iron. 5. Sulphate of iron is precipitated from water by alcohol,

and then it may be easily recognised by its properties.

Muriates •. II. To ascertain the presence of the different muriates.

The muriates found in waters amount to eight, or to nine

if muriate of iron be included. The most common by far is

muriate of soda.

i. Alkaline, 1 • Muriate of soda and of potash may be detected by the

following method: separate the sulphuric acid by alcohol and

nitrate of barytes. Decompose the earth}' nitrates and muri-

ates by adding sulphuric acid. Expel the excess of muriatic

and nitric acids by heat. Separate the sulphates thus formed

by alcohol and barytes water. The water thus purified can

contain nothing but alkaline nitrates and muriates. If it

forms a precipitate with acetate of silver, we may conclude

that it contains muriate of soda or of potash. To ascertain

which, evaporate the liquid thus precipitated to dryness; dis-

solve the acetate in alcohol. Evaporate to dryness. The

salt will deliquesce if it be acetate of potash, but effloresce if it

be acetate of soda.

s. Baltic, ! 2. Muriate of barytes may be detected by sulphuric acid,

as it is the only barytic salt hitherto found in waters.

s, caicari- 3. Muriate of lime may be detected by the following me*
ous

' thod : free the water of sulphate of lime and other sulphates,

by evaporating it to a few ounces, mixing it with spirit of wine,

and adding last of all nitrate of barytes, as long as any preci-

pitate appears. Filter off the water, evaporate to dryness,

treat the dry mass with alcohol, evaporate the alcohol to dry-

ness, and dissolve the residuum in water. If this solution

gives a precipitate with acetate of silver and oxalic acid, it

may contain muriate of lime. It must contain it in that case,

if, after being treated with carbonate of lime, it gives no pre-

cipitate with ammonia. If it does, separate the lime by means
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of oxalic acid, filter and distil with a gentle heat. If the chap. iv.

liquid in the receiver gives a precipitate with nitrate of silver,

muriate of lime existed in the water.

4. Muriate of magnesia may be detected by separating all *« Magne-

thc sulphuric acid by means of nitrate of barytes. Filter,
'

evaporate to dryness, and treat the dry mass with alcohol.

Evaporate the alcohol solution to dryness, and dissolve the

residuum in water. The muriate of magnesia, if the water

contained any, will be found in this solution. Let us suppose

that, by the tests formerly described, the presence of muriatic

acid and of magnesia in this solution has been ascertained.

In that case, if carbonate of lime affords no precipitate, and if

sulphuric acid and evaporation, together with the addition of

a little alcohol, occasion no precipitate, the solution contains

• only muriate of magnesia. If these tests give precipitates, we

must separate the lime which is present by sulphuric acid and

spirit of wine, and distil off the acid with which it was com-

bined. Then the magnesia is to be separated by the oxalic

acid and alcohol ; and the acid with which it was united is to

be distilled off. If the liquid in the retort gives a precipitate

with nitrate of silver, the water contains muriate of magnesia.

5. Muriate of alumina may be discovered by saturating the 5. xinmi-

water, if it contain an excess of alkali, with nitric acid, and
nons'

: separating the sulphuric acid by means of nitrate of barytes.

If the liquid thus purified gives a precipitate with carbonate

• of lime, it contains muriate of alumina. The muriate of iron

1 or of manganese, if any be present, is also decomposed, and
: the iron precipitated by this salt. The precipitate may be
(dissolved in muriatic acid, and the alumina, iron, and man-
: ganesc, if they be present, may be separated by the rules laid

1 down in the next book.

HI. To ascertain the presence of the different nitrates. Nitrate. :

The nitrates but seldom occur in waters; when they do, they
1 may be detected by the following rules:

1. Alkaline nitrates may be detected by freeing the 1. Alkaline,

'water examined from sulphuric acid by means of acetate of
1 barytes, and from muriatic acid by acetate of silver. Kvapo-
1 rate the filtered liquid, and treat the dry mass with alcohol

;

what the alcohol leaves can consist only of the alkaline ni-

trates and acetate of lime. Dissolve it in water. If carbonate
( of magnesia occasions a precipitate, lime is present. Separate
the lime by means of carbonate of magnesia. Filter and eva-

|

porate to dryness, and treat the dried mass with alcohol. The
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Bookir. alcohol now leaves only the alkaline nitrates, which maybe
v

v
' easily recognised, and distinguished by their respective pro-
perties.

s. caicare- 2. Nitrate of lime. To detect this salt, concentrate the
water, and mix it with alcohol to separate the sulphates.

Filter and distil off" the alcohol; then separate the muriatic
acid by acetate of silver. Filter, evaporate to dryness, and
dissolve the residuum in alcohol. Evaporate to dryness, and
dissolve the dry mass in water. If this last solution indicate

the presence of lime by the usual tests, the water contained

nitrate of lime.

3. Magne- 3 - To detect nitrate of magnesia, the water is to be freed
sian. from su]phates and muriates exactly as described in the last

paragraph. The liquid thus purified is to be evaporated to

dryness, and the residuum treated with alcohol. The alcohol

solution is to be evaporated to dryness, and the dry mass dis-

solved in water. To this solution potash is to be added as

long as any precipitate appears. The solution filtered, and

again evaporated to dryness, is to be treated with alcohol. If

it leaves a residuum consisting of nitre, (the only residuum

which it can leave), the water contained nitrate of magnesia.

Such are the formulas by which Mr. Kirwan conceives that

the presence of the different salts may be determined in mine-

ral waters. But I am of opinion that these formulas are of so

difficult execution, and that they labour under so many im-

perfections, that it is not worth our while to have recourse to

them. Dr. Murray's rule will in almost all cases lead to

results fully as accurate as can be obtained by the most labo-

rious repetition of these formulas. Dr. Murray's rule is as

follows. Determine by precipitants the weights of the acids

and bases present in a mineral water. Suppose these united

in such a manner that they shall form the most soluble salts,

these salts will constitute the true saline constituents of the

water under examination.

SECT. II.

METHOD OF DETERMINING THE PROPORTIONS OF THE
INGREDIENTS.

The proportion of saline ingredients, held in solution by

any water, may be in some measure estimated from its specifi

gravity. The lighter a water is, the less saline matter doc
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it contain; and, on the other hand, the heavier it is, the cj^jua

greater is the proportion of saline contents. Mr. Kirwan has

pointed out a very ingenious method of estimating the saline

contents of a mineral water whose specific gravity is known ;

so that the error docs not exceed one or two parts in the hun-

dred. The method is this: subtract the specific gravity of**™*^

pure water from the specific gravity of the mineral water ex- tbewJjbe

amincd (both expressed in whole numbers,) and multiply the

remainder by 1*4. The product is the saline contents in a

quantity of the water denoted by the number employed to in-

dicate the specific gravity of distilled water. Thus let the

water he of the specific gravity 1'079, or in whole num-

bers 1079. Then the specific gravity of distilled water will be

1000. And 1079 — 1000 x 1*4 = 110(5 = saline contents

in 1000 parts of the water in question; and consequently

lTOG in 100 parts of the same water.* This formula will

often be of considerable use, as it serves as a kind of standard

to which we may compare our analysis. The saline contents

indicated by it are supposed to be freed from their water of

Crystallization; in which state only they ought to be consi-

dered, as Mr. Kirwan has very properly observed, when we

speak of the saline contents of a mineral water.

But instead of trusting to this formula a better method is

to weigh out a determinate weight of the water to be examined,

1000 grains for example, to evaporate it to dryness, and weigh

the residue. This weight gives us the quantity of saline mat-

i ter contained in 1000 grains of the mineral Water under cxa-

: initiation.

Having ascertained the proportion of saline contents in the

I water examined, and having by the tests described in the last

•section determined the particular substances which exist in it,

1

let us now proceed to ascertain the proportion of each of these

ingredients.

I. The different aerial fluids ought to be first separated and

estimated. For this purpose a retort ought to be filled two-

thirds with the water, and connected with a jar full of mer-

i curv. standing over a mercurial trough. Let the water be To attnta

'made to boil for a quarter of an hour. The aerial fluids will bnjie*,

jass over into the jar. When the apparatus is cool, the quan-

"ty of air expelled from the water may be determined either

y bringing the mercury within and w ithout the jar to a level;

• Kirwan on Mineral Waters, p. 145.

VOL. III. Q
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Boakir. or, iT that cannot be done, by reducing the air to the proper
" v—"v"—' -density by the formulas given in the first chapter of the last

book. The air of the retort ought to be carefully subtracted,

and the jar must be divided into cubic inches and tenths.

The only gaseous bodies contained in water are common
air, oxygen gas, azotic gas, carbonic arid, sulphuretted hy-

drogen gas, and sulphurous acid. The last two never exist

in water together. The presence of either of them must be

ascertained previously by the application of the proper tests.

If sulphuretted hydrogen g<is be present, it will be mixed with

the air contained in the glass jar, and must be separated be-

fore that air be examined. For this purpose, the jar must be

carried into a tub of warm water, and nitric acid introduced,

which will absorb the sulphuretted hydrogen. The residuum

is then to be again put into a mercurial jar and examined.

If the water contain sulphurous acid, this previous step is

not necessary. Introduce into the gaseous mixture a quantity

of peroxide of lead in the state of powder. It will gradually

absorb the sulphurous acid, and the diminution of bulk will

indicate the bulk of that acid gas present. A little potash,

afterwards let up into the gaseous mixture will absorb the

carbonic acid gas, and the diminution of bulk will indicate its

quantity. .

The air which remains after the separation of the carbonic

acid gas is to be examined by the different eudiometrical me-
thods described in the last book.

When a water contains sulphuretted hydrogen gas, the bulk

of this gas is to be ascertained in the following manner: fill

three- fourths of a jar with the water to be examined, and

invert it in a water trough, and introduce a little nitrous gas.

This gas, mixing with the air in the upper part of the jar,

will form nitrous acid, which will render the water turbid, by

decomposing the sulphuretted hydrogen and precipitating

sulphur. Continue to add nitrous gas at intervals as long as

red fumes appear, then turn up the jar and blow out the air.

If the hepatic smell continues, repeat this process. The sul-

phur precipitated indicates the proportion of hepatic gas in

the water ; one grain of sulphur indicating the presence of

three cubic inches of that gas.

t# estimate Jl. After having estimated the gaseous bodies, the next

mAomJM. steP

'

s to ascertain the proportions of the earthy carbonates.

For this purpose it is necessary to deprive the water of its

sulphuretted hydrogen, if it contains any. This may be done,
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cither by exposing it to the air for a considerable time, or by chap. it.

treating it with litharge. A sufficient quantity of the water

thus purified (if necessary) is to be boiled for a quarter of dn

hour, and filtered when cool. The earthy carbonates remain

on the filter.

The precipitate thus obtained may be carbonate of lime, of

magnesia, of iron, of alumina ; or even sulphate of lime.

Let us suppose all of these substances to be present together.

Treat the mixture with diluted muriatic acid, which will dis-

solve the whole except the alumina and sulphate of lime.

Dry this* residuum in a red heat, and note the weight. Then

boil it in carbonate of soda: saturate the soda with muriatic

acid, and boil the mixture for half an hour. Carbonate of

lime and alumina precipitate. Dry this precipitate, and treat

it with acetic acid. The lime will be dissolved, ami the alu-

mina will remain. Dry it and weigh it. Its weight subtracted

from the original weight gives the proportion of sulphate of

lime.

The muriatic solution contains lime, magnesia, and iron.

Add ammonia as loug as a reddish precipitate appears. The
iron and part of the magnesia are thus separated. Dry the

precipitate, and expose it to the air for some time in a heat of

200°; then treat it with acetic acid to dissolve the magnesia,

which solution is to be added to the muriatic solution. The
iron is to be re-dissolved in muriatic acid, precipitated by an
alkaline carbonate, dried and weighed.

Add sulphuric acid to the muriatic solution as long as any

precipitate appears ; then heat the solution, and concentrate.

Heat the sulphate of lime thus obtained to redness, and weigh

it: 100 grains of it are equivalent to 7-1 of carbonate of lime

dried. Precipitate the magnesia by means of carbonate of

soda. Dry it and weigh it. But as part remains in solution,

evaporate to dryness, and wash the residuum with a sufficient

quantity of distilled water to dissolve the muriate of soda and
sulphate of lime, if any be still present. What remains be-

hind is carbonate of magnesia. Weigh it, and add its weight
to the former. The sulphate of lime, if any, must also be se-

parated and weighed."

• A better mode of separating the magnesia is by adding carbonate of
ammonia and phosphate of ammonia to the solution as long as any precipi-
tate falls. The magnesia is obtained in the state of phosphate of magnesia
and ammonia.

22
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Book u. III. Let us now consider the method of ascertaining the

^J^J^ proportion of mineral acids or alkalies, if any be present un-
of the mine- combined. The acids which may be present (omitting the
ral acids,

\ i i i •

gaseous) are the sulphuric, muriatic, and boracic.

1. The proportion of sulphuric acid is easily determined.

Saturate it with barytas water, and ignite the precipitate ; 100
grains of sulphate of barytes thus formed indicate 33'9 of real

sulphuric acid.

2. Precipitate the muriatic acid by nitrate of silver. Dry
the precipitate and weigh it. Every 100 grains of it indicate

the presence of 25*34 grains of muriatic acid.

3. Precipitate the boracic acid by means of acetate of lead.

Decompose the borate of lead by boiling it in sulphuric acid.

Evaporate to dryness. Dissolve the boracic acid in alcohol,

and evaporate the solution ; the acid left behind may be
weighed.

Andaika- 4. To estimate the proportion of alkaline carbonate present

ates!

arb°" U1 a water containing it, saturate it with sulphuric acid, and

note the weight of real acid necessary. Now 100 grains of

real sulphuric acid saturate 120 potash, and SO soda.

To estimate IV. Let us now consider the method of ascertaining the
sulphates,

proportion of'the different sulphates. These are six in num-
ber; the alkaline sulphates, and those of lime, alumina, mag-

nesia, and iron.

l. Alkaline, 1. The alkaline sulphates may be estimated by precipitating

their acid by means of nitrate of barytes, having previously

freed the water of all other sulphates: for 100 grains of ignited

sulphate of barytes indicate 6 J '2 grains of dried sulphate of

soda; and 74*8 of dry sulphate of potash,

s. caicare- 2. Sulphate of lime is easily estimated by evaporating the
ww

' liquid containing it to a few ounces (having previously saturated

the earthy carbonates with nitric acid), and precipitating the

sulphate of lime by means of weak alcohol. It may be then

dried and weighed.

3. Aiarai- 3. The quantity of alum may be estimated by precipitating
ous

' the alumina by carbonate of lime or of magnesia (if no lime

be present in the liquid). Twelve grains of the alumina

heated to incandescence indicate 100 of crystallized alum, or

49 of the dried salt.

4. Ma«- 4. Sulphate of magnesia may be estimated, provided no

other sulphate be present, by precipitating the acid by means

of a barytic salt, as 100 parts of ignited sulphate of barytes

indicate 51 of sulphate of magnesia. If sulphate of lime, and

esian,
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no other sulphate accompany it, this last may be decomposed, chap. iv.

and the lime precipitated by carbonate of magnesia. The
weifffat of the lime thus obtained enables us to ascertain the

quantity of sulphate of lime contained in the water. The
whole sulphuric acid is then to be precipitated by barytes.

This gives the quantity of sulphuric acid; and subtracting

the portion which belongs to the sulphate of lime, there re-

mains that which was combined with the magnesia, from which

the sulphate of magnesia may be easily estimated.

If sulphate of soda be present, no earthy nitrate or muriate

can exist. Therefore, if no other earthy sulphate be present,

the magnesia may be precipitated by soda, dried, and weighed;

33 grains of which indicate 100 grains of dried sulphate of

magnesia. The same process succeeds when sulphate of lime

accompanies these two sulphates
;
only in that case the preci-

pitate, which consists both of lime and magnesia, is to be dis-

solved in sulphuric acid, evaporated to dryness, and treated

with twice its weight of cold water ; which dissolves the sul-

phate of magnesia, and leaves the other salt. Let the sulphate

of magnesia be evaporated to dryness, exposed to a heat of

400°, and weighed. The same process succeeds if alum be

present instead of sulphate of lime.

The precipitate in that case, previously dried, is to be treated

with acetic acid, which dissolves the magnesia and leaves the

alumina. The magnesia may be again precipitated, dried,

and weighed. If sulphate of iron be present, it may be se-

parated by exposing the water to the air for some days, and
mixing with it a portion of alumina, lioth the oxide of iron

ami the sulphate of alumina, thus formed, precipitate in the

state of an insoluble powder. The sulphate of magnesia may
then be estimated by the rules above explained.

5. Sulphate of iron may be estimated by precipitating the s. or irwu

iron by means of prussic alkali, having previously determined
the weight of the precipitate produced by the prussiatc in a

solution of n given weight of sulphate of iron in water. If

muriate of iron be also present, which is a very rare case, it

may be separated by evaporating the water to dryness, treat-

ing the residuum with alcohol, which dissolves the muriate,

and leaves the sulphate. Or the sulphate may be estimated

with precision by the rules laid down by Mr. Kirwan.*
\ . Let us now consider the method of estimating the quan- E«tiraaiio«

tity of the different muriates which may exist in waters.
° r moria,e,:

• On Mineral Waters, p. 220.
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Book if. If muriate of potash or of soda, without any other salt, exist

U1 water* we have only to decompose them by nitrate of silver,

and dry the precipitate; for 100 of muriate of silver indicate

52 of muriate of potash, and 41 of common salt.

The same process is to be followed if the alkaline carbon-

ates be present
;
only these carbonates must be previously sa-

turated with sulphuric acid ; and we must precipitate the

muriatic acid by means of sulphate of silver instead of nitrate.

The presence of sulphate of soda does not injure the success

of this process.

If muriate of ammonia accompany either of the fixed alka-

line sulphates without the presence of any other salt, decom-

pose the sal ammoniac by barytes water, expel the ammonia

by boiling, precipitate the barytes by diluted sulphuric acid,

saturate the muriatic acid with soda. The sulphate of barytes

thus precipitated indicates the quantity of muriate of am-

monia; 100 grains of sulphate indicating 4-5*5 grains of that

salt. If sulphates be present in the solution, they ought to

be previously separated.

i. Earthy. If common salt be accompanied by muriate of lime, muriate

of magnesia, muriate of alumina, or muriate of iron, or by

all of these together, without any other salts, the earths may
be precipitated by barytes water, and redissolved in muriatic

acid. They are then to be separated from each other by the

rules formerly laid down ; and their weight being determined,

indicates the quantity of every particular earthy muriate con-

tained in the water. For 50 grains of lime indicate 98 of

dried muriate of lime ; 30 grains of magnesia indicate 71'5

of the muriate of that earth; and 2*125 grains of alumina

indicate 6*75 of the muriate of alumina. The barytes is to

be separated from the solution by sulphuric acid, and the mu-
riatic acid expelled by heat, or saturated with soda; the com-

mon salt may then be ascertained by evaporation, subtracting

in the last case the proportion of common salt indicated by

the known quantity of muriatic acid from which the earths had

been separated.

When sulphates and muriates exist together, they ought to

be separated, cither by precipitating the sulphates by means of

alcohol, or by evaporating the whole to dryness, and dissolving

the earthy muriates in alcohol. The salts thus separated may

be estimated by the rules already laid down.

When alkaline and earthy muriates and sulphate of lime

occur together, this last salt is to be decomposed by means of
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muriate of barytcs. The precipitate ascertains the weight of a>av. i*.'

sulphate of lime contained in the water. The estimation is
v

>***J

then to be? conducted as when nothing but muriates are pre-

sent
;
only from the muriate of lime that proportion of muriate

must be deducted which is known to have been formed by the

infusion of the muriate of barvtes.

When muriates of soda, magnesia, and alumina, are present

together with sulphates of lime and magnesia, the water to be

examined Ought to be divided into two equal portions. To

the one portion add carbonate of magnesia till the whole tff

the lime and alumina be precipitated. Ascertain the quantity

of lime, which gives the proportion of sulphate of lime. Pre-

cipitate the sulphuric acid by muriate of barvtes. This gives

the quantity contained in the sulphate of magnesia and sul-

phate of lime ;
subtracting this last portion, we have the quan-

tity of sulphate of magnesia.

From the second portion of water precipitate all the mag-

nesia and alumina by means of lime water. The weight of

these earths enables us to ascertain the weight of muriate of

magnesia and of alumina contained in the water, subtracting

that part of the magnesia which existed in the state of sulphate,

as indicated by the examination of the first portion of water.

After this estimation precipitate the sulphuric acid by barytcs

water, and the lime by carbonic acid. The liquid evaporated

to dryness leaves the common salt.

VI. It now only remains to explain the method of ascertain- iximattoo

ing the proportion of the nitrates which may exist in waters.
<" nHr»,«,:

1. When nitre accompanies sulphates and min iates without i. aiuiim,

any other nitrate, the sulphates are to be decomposed by ace-

tate of barvtes, and the muriates by acetate of silver. The
water, alter filtration, is to be evaporated to dryness, and the

residuum treated with alcohol, which dissolves the acetates

anil leaves the nitre; the quantity of which may be easily

estimated. If an alkali be present, it ought to bi.» previously

saturated with sulphuric or muriatic acid.

2. II nitre, common salt, nitrate of lime, and muriate of « K»rt*y .

lime or magnesia, be present together, the water ought to be

evaporated to dryness, and the dry mass treated with alcohol,

which takes up the earthy salts. From the residuum, rc-

dissolved in water, the nitre may be separated, and estimated
as in the last case. The alcohol solution is to be evaporated
to dryness, and the residuum rcdissolved in water. Let M
supposo it to contain muriate of magnesia, nitrate of lime.
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Book nr. and muriate of lime. Precipitate the muriatic acid by nitrate
' ^ of silver, which gives the proportion of muriate of magnesia

and of lime. Separate the magnesia by means of carbonate
of lime, and note its quantity. This gives us the quantity of
muriate of magnesia; and subtracting the muriatic acid con-
tained in that salt from the whole acid indicated by the preci-
pitate of silver, we have the proportion of muriate of lime.
Lastly, saturate the lime added to precipitate the magnesia
with nitric acid. Then precipitate the whole of the lime by
sulphuric acid ; and subtracting from the whole of the sulphate
thus formed that portion formed by the carbonate of lime
added, and by the lime contained in the muriate, the residuum
gives us the lime contained in the original nitrate; and 34'5

grains of lime form 100 of dry nitrate of lime.

BOOK III.

OF MINERALS.

All the solid materials of which this slobe of ours is com-

posed have received the name of Minerals; and that branch

of chemistry which treats of them is distinguished by the title

of Mineralogy. These substances, without doubt, must have

at all times attracted the attention of mankind ; because from

them alone are drawn the metals, stones, and other similar

substances of indispensable use. But it is only very lately

that the method of ascertaining the components parts of these

substances was discovered, or that it was possible to describe

them so as to be intelligible to others. From the ancients no

information of any consequence on these topics is to be ex-

pected. The whole science of mineralogy has been created

since the year 1770, and is at present advancing towards per-

fection with astonishing rapidity. New minerals arc every

day described and analyzed, collections are every where

forming, and travels of discovery are succeeding each other

without intermission. The fruit of these labours has been the

discovery of no less than five new earths and eight new metals;

besides a vast number of useful minerals which had been for-

merly unknown or disregarded.

f
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Mineralogy, as far as it is a chemical science, includes chap. i.

under it three different topics; namely, 1. An account of the

properties and constituents of minerals. 2. An account of

the various combinations which these bodies form; or of

compound mineruls, as they have been called. 3. The art of

analyzing minerals. These three topics will occupy our at-

tention in their order. But as a technical language has been

adopted by mineralogists in their descriptions, it will be ne-

cessary, in the first place, in order to render this book intelli-

gible, to premise a few observations on that subject.

CHAP. I.

OF THE DESCRIPTION OF MINERALS.

Nothing at first sight appears easier than to describe a mi-

neral, and yet in reality it is attended with a great deal of

difficulty. The mineralogical descriptions of the ancients are

so loose and inaccurate, that many of the minerals to which

they allude cannot be ascertained; and consequently their

observations, however valuable in themselves, are often, as far

as respects us, altogether lost. It is obvious, that to distin-

guish a mineral from every other, we must either mention

some peculiar property, or a collection of properties, which

exist together in no other mineral. These propel tics must be

described in terms rigidly accurate, which convey precise ideas

of the very properties intended, and of no other properties.

The smallest deviation from this would lead to confusion and

uncertainty. Now it is impossible to describe minerals in this

manner, unless there be a peculiar term for each of their pro-

perties, and unless this term be completely understood. Mi-
neralo«rv therefore must have a lanffQfge of its own ; that is

to say, it must have a term to denote every mineralogical pro-

perty, and each of these terms must be accurately defined.

The language of mineralogy was invented by the celebrated

Werner of h reyberg, and first made known to the world by

the publication of his treatise on the External Characters of
Minerals.

The object of this celebrated philosopher was to invent a

method of describing minerals with such precision, that every
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Book in. species could readily be recognised by those who were ac-
* * ' quainted with the terms employed. For this purpose, it was

necessary to make use of those properties only which pre-

sented themselves to our senses on inspecting the mineral.

These accordingly were chosen, and called by Werner exter-

nal characters; because they may be ascertained without de-

stroying the mineral examined. The following is a short

sketch of the language invented by Werner, and employed by
him in the description of minerals.

He divides the characters of minerals into two kinds, namely,

general and particular.

The general characters are the following: 1. Colour;

2. Cohesion; 3. Unctuosity ; 4. Coldness; 5. Weight; 6.

Smell; 7. Taste.

The particular characters are the following: 1. Aspect of

the surface; 2. Aspect of the fracture; 3. Aspect of the dis-

tinct concretions ; 4. General aspect ; 5. Hardness; 6. Tena-

city ; 7. Frangibility ; 8. Flexibility; 9. Adhesion to the

tongue; 10. The sound.

I. GENERAL CHARACTERS.

c#ionr. I. Colour. The colours of minerals are extremely various.

Werner conceives eight fundamental colours, and describes

all the others as compounds of various proportions of these.

The fundamental colours are,

1. Snow white. The colour of new fallen snow.

2. Ash grey. The colour of well burnt wood ashes.

3. Velvet black. The colour of black velvet.

4. Berlin blue. The colour of prussian blue.

5. Emerald green. The colour of the emerald.

6. Lemon yellow. The colour of ripe lemons.

7. Carmine red.

8. Chesnut brown. The colour of the ripe chesnut.

The following table exhibits the principal subordinate co-

lours, placed in the order in which they pass into each other:

1. Whites.

Snow white.

Reddish white. Snow white with a little crimson red and

ash grey.

Yellowish white. Snow white with a little lemon yellow

and ash grey.

Silver white. Yellowish white with a metallic lustre.
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Greyish white. Snow white with a little ash grey.

Greenish white. Snow white with a little emerald green

and ash grey.

Milk white. Snow white with a little Berlin blue and ash

grry-

Tin white. Milk white of a metallic lustre.

2. Greys.

Lead grey. Ash grey with a little blue and the metallic

lustre.

Bluish grey. Ash grey with a little blue.

Smoke grey. Ash grey with a little brown.

Pearl grey. Ash grey with a iittle crimson red and blue.

Greenish grey. Ash grey with a little emerald green, and

sometimes a trace of yellow.

Yellowish grey. Ash grey with lemon yellow and a trace of

brown.

Ash grey.

Steel grey. Ash grey with a little blue and a metallic lustre.

3. Blacks.

Greyish black. Velvet black with a little ash grey.

Iron black. Darker than the preceding with a metallic

lustre.

Velvet black.

Pitch black. Velvet black with a little brown and yellow.

Raven black. Velvet black with a little brown, yellow, and

green.

Bluish black. Velvet black with a little blue.

4. Blues.

Indigo blue. Berlin blue with grey and a little black.

Berlin blue.

Azure blue. Berlin blue with a little red.

Violet blue. Berlin blue with much red and a little brown.

Plum blue. The preceding with more red and a very little

black.

Lavender blue. Violet blue with a little grey.

Smalt blue. Berlin blue with white, a little grey, and a

trace of red.

Sky blue. Berlin blue, white, and a little emerald green.

5. Greens.

Verdigris green. Emerald green with much Berlin blue and
a little white.
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Sea green. The preceding with a mixture of ash grey.

Mountain green. Verdigris green with a little yellowish grey.

Emerald green.

Apple green. Emerald green with a little greyish white.

Grass green. Emerald green with a little lemon yellow.

Blackish green. Green mixed with a considerable portion

of black.

Pistachio green. Emerald green with a little yellow and
some brown.

Asparagus green. Pistachio green with a little greyish white.

Olive green. Grass green with much brown.

Oil green. Pistachio green with much yellow and ash grey.

Siskin green. Emerald green with much lemon yellow and
a little white.

6. Yellows.

Sulphur yellow. Lemon yellow with much emerald green

and white.

Brass yellow. The preceding with the metallic lustre and

a little grey.

Straw yellow. Sulphur yellow with much greyish white.

Bronze yellow. Brass yellow with a little steel grey and a

trace of reddish brown.

Wax yellow. Lemon yellow, reddish brown, and a little

ash grey.

Honey yellow. Sulphur yellow with chesnut brown.

Lemon yellow.

Gold yellow. Lemon yellow with the metallic lustre.

Ochre yellow. Lemon yellow with a considerable quantity

of chesnut brown.

Wine yellow. Lemon yellow with reddish brown and grey.

Cream or Isabella yellow. Lemon yellow with greyish white

and a little brown and red.

Orange yellow. Lemon yellow with a little carmine red.

7. Reds.

Aurora red. Carmine red with much lemon yellow.

Hyacinth red. Carmine red with lemon yellow and a little

brown.

Tile red. The preceding mixed with much greyish white.

Scarlet red. Carmine red with a very little lemon yellow.

Blood red. Scarlet red mixed with brownish black.

Flesh red. Blood red mixed with greyish white.

Copper red. The preceding nearly, with the metallic lustre.
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Carmine red. c '' a '' -

Cochineal red. Carmine red mixed with bluish grey. v

Crimson red. Carmine red with a considerable portion of

blue. .

Columbine red. The preceding with more blue and a little

black.

Rose red. Cochineal red mixed with white.

Peach blossom red. Crimson red mixed with white.

Cherry red. Crimson red mixed with a considerable por-

tion of brownish black.

Brownish red. Blood red mixed with brown.

8. Browns.

Reddish brown. Chcsnut brown with a little red and yellow.

Clove brown. Chcsnut brown with cochineal red and a lit-

tle black.

Hair brown. Clove brown with ash grey.

Broccoli brown. Clove brown with ash (trey and blue.

Chcsnut brown.

Yellowish brown. Chcsnut brown with a considerable por-

tion of lemon yellow.

Pinchbeck brown. The preceding with the metallic lustre.

Wood brown. Yellowish brown with much ash grew

Liver brown. Chcsnut brown with olive green and ash grey.

Blackish brown. Chcsnut brown and black.

In respect of intensity, colours arc either dark, deep, light, or

pale. When a colour cannot be referred to any of the pre-

ceding, but is n mixture of two, this is expressed by saying,

that the prevailing one inclines towards the other, if it has only

a small tint of it; passes into it, if it has a greater.

When the colour of the surface of a mineral differs from its

internal colour, the origin of this difference is pointed out, and
the kind of colour is described. Notice is taken also whether
the surface reflects the prismatic spectrum, or reflects different

brilliant colours, like the opal, when its position is altered.

\VI len the original colour of a mineral is changed altogether,

and it has assumed another, it is then said to be tarnislied.

\\ hen different colours appear in the same mineral, they may
be disposed in clouds, dots, streaks, rings, veins, zones, &c.

II- Cohesion. With respect to cohesion, minerals arc coh«ion.

either solid, friable, or fluid.

III. Tme Unctuosity. Minerals are distinguished into unctuwiiy.
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Book m. greasy and meagre. The first have a certain degree of grea-
V~,"v

' siness in the feel ; the second not.

IV. Coldness.

V. Specific gravity. These characters require no par-

VI. Smell. f ticular description.

VII. Taste.
j

II. PARTICULAR CHARACTERS.

Surface.
J, Aspect of the surface. In considering the external as-

pect or surface of a mineral, three things claim our attention

;

namely, 1. The shape of the mineral; 2. The kind of surface ;

3. The lustre of the surface.

1. External shape.

The external shape is of four kinds: L Common; 2. Par-

ticular; 3. Regular; 4. Extraneous.

(1.) Common. The form is said to be common when it is too

irregular to be compared to the form of any other body.

When a mineral constitutes a part of a solid rock or com-

pound stone, it is called massive, when its bulk is not less than

a, hazel nut; when smaller than this, it is said to be dissemi-

nated. When it occurs loose, it is either in angular pieces, in

grains, in plates, or in membranes.

(2) . Particular. The shape of a mineral is said to be par-

ticular when it can be referred to that of some known body.

Such shapes are divided into five kinds
;
namely, long, round,

flat, cavernous, and entangled.

The long are divided into the following : Dentiform, filiform,

capillary, reticulated, dendritic, coralloidal, stalactitic, cylindri-

cal, tubiform, claviform, fruticose. The round are the follow-

ing : Globular, botryoidal, reniform, tuberose, fusiform. The

flat are specular, in leaves. The cavernous are cellular, perfo-

rated, corroded, amorphous, vesicular. The entangled is ramose.

The words in these cases indicate the particular shape which

the mineral resembles.

(3) . Regular. The form of minerals is said to be regular

when they occur crystallized.

(4-). Extraneous. Under this head are included all the pe-

trifications.

2. External surface.

The surface of minerals is, Uneven, having small unequal

elevations and depressions; granulated, composed of small
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round elevations, like shagreen ;
rough, when the elevations chap. i.

felt are too small to be distinctly seen ;
smooth, streaked, drusy,

V

coated with small crystals.

3. External lustre.

The lustre, in point of intensity, is of five kinds: 1. Splen-

dent, when in full day-light the lustre can be seen at a great

distance; 2. Shining, when at a distance the light reflected is

weak ; 3. Glistening, when the lustre is only observable when

the mineral is at no greater distance than an arm's length;

4. Glimmering, when the surface held near the eye in full day-

light presents a number of shining points; 5. Dull, when the

surface has no lustre.

Lustre is of two kinds, the metallic and the common ; the

latter is subdivided into semimetalIu; adamantine, pearly, resi-

nous, glassy.

II. Aspect or the fracture. When a mineral is broken, Fracture,

the new surface exposed is called the fracture. Three things

claim attention : 1. The lustre of the fracture; 2. The kind of

fracture; 3. The shape of the fragments.

1. Lustre of the fracture.

This is called the internal lustre, and is distinguished in the

same way as the external lustre.

2. The kind offracture.

By this is meant the appearance which the internal surface

of a mineral presents when broken, provided it be not frac-

tured in the direction of one of the natural joints of the mi-

neral. This appearance obviously depends upon the texture

of the mineral. The fracture is either, 1. Com/jacl ; 2. Fi-

brous ; 3. Radiated ; or, 4. Foliated.

(1). Compact. The fracture is called compact when all the

parts ot the internal surface are continuous. The small ine-

qualities which occur in this fracture are thus distinguished :

1. Splintery, when on a surface nearly even small wedge- shaped

or scaly parts are seen adhering by their thicker end, and al-

lowing a litde light to pass. 2. Even, destitute of perceptible

inequalities. 3. Conchoidaf, small roundish elevations and de-

pressions like the print of shells. 4. Uneven, having many
small, sharp, abrupt, irregular elevations and inequalities

;

and from the size of these, this fracture is denominated coarse,

small, or fne. 5. Earthy, when the internal surface rcsem-
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blcs dried earth; 6. Hackly, having many very minute sharp
hooks, more sensible to the hand than the eye. This last frac-

ture is peculiar to the metals.

(2) . Fibrous. The fracture is called fibrous when the inter-

nal surface shows the mineral composed of fibres or threads

adhering together, and too small to be measured. These fibres

are either straight or curved, and they are disposed either in

parallels, or they diverge from each other, or they are inter-

woven together.

(3) . Radiated. The fracture is called radiated when the

fibres are flattish and so large that their breadth admits of

measurement. The internal surface in that case exhibits stria?

or channels.

{A-). Foliated. The fracture is called foliated when the mi-

neral appears composed of thin plates whose surfaces are

smooth and polished like the surface of a crystal. The plates

may be either large, small, ox very small ; perfect or imperfect.

;

straight, or curved in various ways. The direction of the plates,

or the cleavage, may be either simple, double, triple, ike.

3. The shape of the fragments.

By this is meant the shape of the pieces into which a mi-

neral breaks when struck with a hammer. They are either,

1. Regular; or, 2. Irregular.

(1) . By regular fragments are meant those which have a

geometrical form. They are usually the fragments of crystal-

lized bodies; and are either cubic, rliomboidal, trapezoidal, te-

trahedral, octahedral, or dodecahedral.

(2) . By irregular are meant the fragments which have not a

geometrical form. They are ivedge-shaped ; splintery, thin,

long, and pointed
;

tabular, thin, and broad, and sharp at the

corners, as common slate; or indeterminate, without any par-

ticular resemblance to any other body. The edges of indeter-

minate fragments, are either very sharp, sharp, sharpish, or

blunt.

TIL Aspect of the distinct concretions. Distinct con-

cretions are distinct masses, of which certain minerals are

composed, which may be separated from each other without

breaking through the solid part of the mineral. They are se-

parated from each other by natural seams. Three particulars

respecting these concretions are to be attended to: 1. Their

shape; 2. Their surface; 3. Their lustre.
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1. Shape of the distinct concretions.

There arc three kinds of shapes : 1. The granular. When
the length] breadth, and thickness of a distinct concretion are

nearly equal, it is said to be granular. Such concretions may

be either round or angular ; large, coarse, small, fine. 2. The
lamellar, when the concretions consist of plates laid upon each

other, and adhering more or less strongly. 3. The columnar,

when the breadth and thickness are inconsiderable compared

to the length.

2. Surface of the distinct concretions.

The surface is smooth, rough, streaked, uneven, &c.

3. The lustre of the distinct concretion-;.

It is distinguished in the same way as the external lustre.

IV. General aspect. Under this head three particulars "—ml m
arc comprehended; namely, 1. The transparency} 2. The"1 '"

streak; 3. The soiling.

1. The transparency.

By transparency is meant the proportion of light which mi~
ncrals are capable of transmitting. They are transparent when
objects can be seen distinctly through them

; semi-transparent,
when objects are seen through them indistinctly; translucent,
when light passes, but in so small a quantity that objects cannot
be seen through them; opaaue, when no light is transmitted.
When opaque minerals become transparent in water, they

are called hydrophanous. When objects are seen double through
a transparent mineral, it is said to nfract doubly.

2. The streak or scratch,

Is the mark left when a mineral is scratched by any hard
body, as the point of a knife. It is cither similar, of the same
colour with the mineral; or dissimilar, of g different colour.

3. The soili/ifT,

Is the trace which some minerals leave when rubbed on the
lingers or on paper. Some minerals leave a stain or trace,
others not. Some of the first kind may be employed to write
with, others not.

y. Haroness. By this is meant the resistance which SRtnhw
body opposes when wc attempt to scratch it. Minerals are
either, 1. Hard; 2. Semihard; 3. Soft.

VOL. Ill, r*
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Frangibi

Hty.

Flexibility

Book in. (1.) Minerals are called hard when they do not yield to the
V—

' knife, and strike fire with steel. There are three degrees of

it: 1. Extremely hard, not yielding to the file; 2. Very hard,

yielding a little to the file: 3. Hard, yielding to the file.

(2.) Minerals are semihard when they yield with difficulty to

the knife, and do not strike fire with steel.

(3.) Soft, when they yield easily to the knife, but not to the

nail.

Tenacity. VI. Tenacity. With I'espect to tenacity, minerals are,

1. Brittle, when on being cut with a knife the particles fly away
with noise: 2. S'cctile, when on being cut with a knife the par-

ticles do not fly off!, but remain ; 3. Ductile, when the mineral

can be cut into slices.

VII. Frangibility. By this is meant the resistance which

minerals make when we attempt to break them. The degrees

are five; namely, 1. Very tough; 2. Tough; 3. Moderately

tough; 4. Fragile; 5. Very fragile.

VIII. Flexibility. By this is meant the property of bend-

ing without breaking. Some minerals are, (1.) Flexible;

and of these some are, 1. Elastic ; others, 2. Common. (2.)

Others inflexible.

Adberence. IX. Adherence to the tongue. Some minerals adhere,

1. Very strongly ; 2. Others moderately ; 3. Others slightly ;

4-. And others very slightly.

Sound. X. By Sound, is meant the peculiar noise emitted by some

minerals when struck or bent. Some give a ringing sound

;

others a grating sound ; others a creaking sound, as tin.

The particular properties of friable and fluid minerals re-

quire no description.

With respect to electricity, some minerals become elec-

tric when healed, others when rubbed, others cannot be ren-

dered electric. The electricity of some minerals is positive or

vitreous, of others negative or resinous.

mowpipe. The chemical properties of minerals will be understood

without any explanation. In detecting them, the blow-pipe is

often of singular use, as it enables us in a few minutes to de-

termine many points which by the usual processes would oc-

cupy a great deal of time. The blow-pipe is merely a tube

ending in a cavity as fine as a small wire, through which air is

forced and made to piay upon the flame of a candle, by means

of which the flame is concentrated and directed against small

particles of the mineral to be examined, cither placed upon a

bit of charcoal, or in a platinum or silver spoon. The air is
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either forced into the blow pipe by the lungs of the experi- chap,

menter, or by means of bellows attached to the blowpipe. By
thus exposing a very small portion of a mineral to the concen-

trated flame, we see the effect of heat upon it, and have an op-

portunity of trying the action of other bodies on it at a very

high temperature, as of borax, soda, microcosmic salt, Sec.

The properties which these experiments bring into view, enable

us in many cases to ascertain the nature, and even the compo-

nent parts of a mineral.

The blowpipe was first introduced into mineralogy by Von
Swab. It was afterwards improved by Cronstedi, and still far-

ther by Bergman. Saussure substituted a fine splinter of cya-

nite for charcoal, cemented a very minute portion of the mi-

neral to be examined to the point of this splinter, and exposed

it in that situation to the action of the blowpipe. By this con-

trivance he was enabled to make his experiments upon very

minute particles; and this enabled him to fuse many bodies

formerly considered as infusible.

CHAP. II.

OF SIMPLE MINERALS.

Avicenna, a writer of the 11th century, divided minerals

into four classes ;
stones, salts, inflammable bodies, and me-

tals.* This division has been, in some measure, followed by

all succeeding writers. Linnreus, indeed,' the first of the mo-
derns who published a system of mineral ogy, being guided by

the external characters alone, divided minerals into three

classes, peine, minew, fossilia : but Avicenna's classes appear

among his orders. The same remark may be made with re-

spect to the systems of Wallcrius, Wolsterdorf, Cartheuscr,

and Justi, which appeared in succession alter the first publica-

tion of Linineus's Systema Nature in 1736. At last, in 1758,

the system of Cronstcdt appealed. lie \\ instated the classes

of Avicenna in their place; and his system was adopted by

Bergman, Kirwan, AYerner, and the most celebrated minera-

logists who have written since. The classes shall be adopted

• Corpora mineralia in quatuor species dividuntur ; scilicet, in lapides, et

in liquclactiva, sulpburea, et sales. Et horum qua-darn sunt rarae substan-

tia? et debilis compositions, et qua?dam fortis substantia?, et qua?dam ducti-

bilia, et quavlam non. Avicenna de Congelatione et Conglufinatione Lapi-

ilum, cap. iii. Thcatrum Chemicum, t. iv. p. 997.

R 2
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^BookHL in the present Work, because none which are preferable have
been hitherto proposed.

Division. I shall therefore divide minerals into four classes :

1. Stones;

2. Salts;

3. Combustibles

;

4. Ores.

The first class comprehends all the minerals which are com-
posed chiefly of earths; the second, all the combinations of

acids and alkalies which occur in the mineral kingdom ; the

third, those minerals which are capable of combustion, and
which consist chiefly of sulphur, carbon, and oil ; the fourth,

the mineral bodies which are composed chiefly of metals.
*

CLASS L STONES.

This class naturally divides itself into two orders. The first

order comprehends under it all the combinations composed

entirely of earthy bodies, or of earthy bodies united with only

a small portion of an alkali or metallic oxide : The second

order consists of combinations of earthy bodies with acids. To
the first order, for want of a better term, we shall give the ap-

pellation earthy stones ; to the second, that of saline stones.

ORDER I. EARTHY STONES.

Cronstedt divided this order into nine genera, correspond-

ing to nine earths ; one of which he thought composed the

stones arranged under each fjenus. The names of his genera

were, calcarece, siliccce, granatmce, argillacece, ?nicacca>,Jluores9

asbestince, zeolithicce, magnesia;. All his earths were after-

wards found to be compounds, except the first, second, fourth,

and ninth. Bergman, therefore, in his Sciagraphia, first pub-

lished in 1782, reduced the number of genera to five; which

was the number of primitive earths known when he wrote.

Since that period five new earths have been discovered. Ac-

cordingly, in the latest systems of mineralogy, the genera be-

longing to this order are proportionally increased. Each ge-

nus is named from an earth ; and they arc arranged in the

latest Wernerian catalogues as follows :

1. Diamond genus. 6. Calcareous genus.

2. Zircon genus. 7. Barytic genus.

3. Siliceous genus. S. Strontian genus.

4. Argillaceous genus. 9. Hallitc genus.

5. Magncsian genus.
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Under each mentis, those stones are placed which are com- chap. ir.

posed chiefly of the earth which gives a name to the genus, or f v

which at least arc supposed to possess the characters which

distinguish that earth.

A little consideration will be sufficient to discover that there

is no natural foundation for these genera. Most stones are

composed of two, three, or even four ingredients; and, in

many cases, the proportion of two or more of these is nearly

equal. Now, under what genus soever such minerals are ar-

ranged, the earth which gives it a name must form the small-

est part of their composition. Accordingly, it has not been

so much the chemical composition, as the external character,

which has guided the mineralogist in the distribution of his

species. The genera cannot be said properly to have any cha-

racter at all, nor the species to.be connected by any thing else

than an arbitrary title. This defect, which must be apparent

in the most valuable systems of mineralogy, seems to have
arisen chiefly from an attempt to combine together an artificial

and natural system.

I shall adopt the Wernerian arrangement of this order, dis-

carding the old genera and substituting families in their place.

The following table exhibits the different minerals of this

order, arranged according to their families.

I. Diamond Family 6. Iolite

I. Diamond 7. Tourmaline
II. Zircon Family 8. Eibrolite

1. Zircon V. F/iiilo/r Family

III. Ruby Family 1. Epidotc

1. Ceylanite 2. Zoisite

2. Automalite 3. Anthophyllitc

3. Spinel 1 4. Axinitc

4. Sapphire VI. (lariat Family

5. Corundum 1. Leucite

6. Emery 2. Pyrcneite

7. Chrysoberyl 3. Vesuvian

8. Turquois 4. Gahnite
IV. Schorl Family 5. Grossularia

I. Topaz 6. Melanite
2. Schorlite 7. Allochroite

8. Pyrophysalite 8. Colophonite
4. Euclase 9. Helvine
5. Emerald 10. Garnet
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1 1. Aplqme
12. Granatite

13. Pyrope

14. Eudyalite

15. Cinnamon stone

VII. Quartz Family

1. Quartz

2. Iron flint

3. Hornstone

4. Flinty slate

5. Flint

6. Calcedony

7. Fleliotrope

8. Siliceous stalactite

9. Hyalite

10. Opal

11. Allophanite

12. Menilite

13. Jasper

VIII. Pitchstone Fmnily

1. Spherulite

2. Obsidian

3. Pitchstone

4. Pearlstone

5. Pumice

IX. Zeolite Family

1. Karpholite

2. Prehnite

3. Mesotype

4. Natrolite

5. Mesolite

6. Skolezite

7. Stilbite

8. Apophyllite

9. Analcime

10. Chabasite

1 1 . Cross stone, or

Harmotome
12. Lomonitc

13. Dipyrc

X. Aziirestonc Family

1. Lazulite

2. Hauyne

1NERALS.

3. Blue spar

XI. Felspar Family

1. Gehlenite

2. Andalusite

3. Saussurite

4. Chiastolite

5. Iudianite

6. Petalite

7. Felspar

8. Ekebergite

9. Gieseckite

10. Spodumene
11. Amblygonite

12. Scapolite

13. Bergmannite

14. Elaolite

15. Sodalite

16. Meionite

17. Nepheline

18. Ice spar

XII. Clay Family

1. Alum stone

2. Porcelain earth

3. Common clay

4. Clay stone

5. Adhesive slate

6. Polishing slate

7. Tripoli

8. Float stone

XIII. Clay slate Family

1. Alum slate

2. Bituminous shale

3. Drawing slate

4. Whet slate

5. Clay slate

XIV. Mica Family

1. Lcpidolite

2. Mica

3. Pinite

4. Chlorite

XV. Lithomarge Fa?nily

1. Green earth

2. Pimelite
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3. Lithomarge

-I-. Rock soap

5. Yellow earth

6. Cimolite

7. Collyrite

XVI. Soap stone Family

L Native majjnesia

2. Meerschaum

3. Bole

4. Lemnian earth

5. Fuller's earth

6. Steatite

7. Agalmatolite

XVII. Talc Family

1. Nephrite

2. Serpentine

3. Picrolite

4. Pol stone

5. Talc

6. Nacrite

7. Asbestus

XVIII. Hornblende Family

1. Hornblende

2. Carinthine

3. Catamite

4. Actynolite

5. Treniolite

6. Cyanite

7. Rluetizite

8. Diallage

9. Ilypcr&tene

XIX. Ckryoolite Family

1. Baikal ite

2. Fassaite

3. Aumte
4. Chrysolite

5. Olivine

XX. I )iiM 17 luimily

1. Basalt

2. Wacka
3. Clink stone

4. Iron clay

The minerals belonging to this order possess the following

common properties : a specific gravity varying from 4*4 to 0'7.

The greater number of them are hard enough to scratch

glass; and this is always the case when the specific gravity

exceeds 3*5. Some of them, however, are soft. None of

them have the true metallic lustre; though some possess the

false metallic lustre, which disappears on scratching them.

None of them are soluble in water ; and very few of them are

soluble in acids without some particular mode of applying

them. Hitherto it has been impossible for chemists to form

any of them by art.

t DIAMOND FAMILY.

To this family there belongs only a single species
;
namely, Diamond

the diamond, which is the hardest and the most beautiful of fnm,|
.
r -

all the mineral productions.

Sp. 1. Diamond.* This mineral, which was well known
to the ancients, is found in ditfercnt parts of Asia, particularly

in the kingdoms of Golconda and Visapour. It occurs also

• Hoffman's Ilandbuch der Mineralogie, i. 3o8.
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°-teI
i
f
'j *n Brazil, ^ Llt has hitherto been confined to countries within

the tropics.

Its most common colours are white and grey, of various

shades. It occurs also blue, red. brown, yellow, and green.

The colours are commonly pale. It is always crystallized
;

but sometimes so imperfectly, that at the first sight it might
Crystals. pass for amorphous. Its primitive form is a regular octa-

hedron ; but it more commonly assumes a spheroidal form,

and then has usually 36 curvilinear triangular faces, six of

which are raised upon each of the faces of the primitive oc-

tagon. Its integrant molecule, according to Ha'uy, is a re-

gular tetrahedron.—For a more particular account of the

•crystals of this mineral, the reader is referred to Rome de

Lisle,* and Haiiy.-j-

The crystals are commonly small. Their surface is smooth

•or streaked, except when the mineral occurs in grains, when
it is rough or at least uneven. External lustre from splendent

to glimmering; internal always splendent. Fracture straight

foliated. Cleavage fourfold, parallel to the faces of the octa-

hedron. Fragments octahedral or tetrahedral. Seldom oc-

cur in distinct concretions. Transparency from transparent

to translucent. Causes single refraction. Hardest body in

nature. Brittle. Rather easily frangible. Specific gravity

3*5185 to 3*5310. X When rubbed it becomes positively elec-

tric, even before it has been cut by the lapidary, which is not

the case with any other gem.§

II. ZIRCON FAMILY.

y.irfon fa. The minerals belonging to this family approach the nearest

milj
' to the diamond in their external characters. There is only

1 species, namely, the zircon ; which is divided into two sub-

species, common zircon and hyacinth.

Species 1. Zircon.

Subspecies I. Common Zircon.
\\

This mineral is usually brought from Ceylon; but it has

been found in Norway, and in Galloway in Scotland.

Its usual colour is grey; but it occurs also green, blue, red,

yellow, and brown. It is found most commonly in roundish

* Crystsillog. ii. 191.

X Haiiy, Jour, de Min. No. xxix. 343.

||
Hoffmann's Mineralogie, i. 39G.

f Jour, de Min. No. xxix. 343.

§ Ibid. 343.
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pieces; but it is sometimes crystallized, either in four- Ctatttt

sided prisms or flat octahedrons. The primitive form of its

crystals is an octahedron, composed of two four-sided pyra-

mids applied base to base, whose sides arc isosceles triangles *

The inclination of the sides of the same pyramid to each

other is 124° 12'; the inclination of the sides of one pyramid

to those of another 82° 50'. The solid angle at the apex is

73° 4 t'.f The crystals are usually small, their surface smooth,

and their lustre shining ; but the roundish pieces are some-

times rough, and their lustre glistening. The internal lustre

is splendent.

The fracture foliated with a six-fold cleavage according to

Mohs. Fragments sharp-edged. Translucent or semi-trans-

parent. Causes a very great double refraction. Softer than

diamond and sapphyr, much harder than quart/. Brittle.

Rather easily frangible. Specific gravity 4*557 t to 4*721. §
I have found it t*545.

Subsp. 2. Hyacinth.
\\

This mineral is brought from Ceylon, but found likewise in

Fiance and in other parts of Europe.

Its usual colour is a hyacinth red, but it occurs also reddish

brown, grey, and orange yellow. The primitive form of its

crystals is the same a* the preceding. It usually occurs in

four-sided prisms, terminated by four planes set on the lateral

edges. The crystals are commonly small, but complete.

Lateral planes smooth. Lustre shining. Internal lustre

splendent and vitreous. Fracture straight foliated. Cleavage

as in the preceding subspecies. Fragments sharp-edged.

Transparency from transparent to translucent. Scratches

quart/. Rather easily frangible. Feels a little greasy when
cut. Before the blow-pipe loses its colour, but not its trans-

parency. Infusible with soda or microcosmic salt. Melts
with borax into a transparent glass.

The constituents of these minerals, as determined by the

analyses of Klaproth ami Yauquelin, are as follows :

* According to Mohs it has a six-fold cleavage, and its primitive form

"is a four-sided rectangular prism, terminated by four-sided pyramids set

on the lateral edges. This is also the most common variety of its crys-

tallization.

t Ilaiiy, Jour, de Min. No. xxvi. 91.

% Klaproth, Beitrage, i.
§ Lowry.

]|
Hotl'mann's Mineralogie, i. 407.
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Book nr.

Chrysolite

family.
Zircon. llyacinih.

#
t t II II

69'0 65
|

64-5 70 64'5 66
26-5 33

;

32-5 25 32-0 31
0-5 1 1-5 0'5 2-0 2
4-0 1

1

1-5 4-5 1-5 1

; loo-o 100
j

100-0 100-0 1000 100

If we were to consider this mineral as a silicate of zirconia,

it would follow, that an atom of zirconia weighs only 4 -

535,

which is below the weight assigned in a preceding chapter of
this work. But at present we are not in possession of good
data to determine the point. It is proper to mention that I

have found alumina as a constituent of the zircon.**

III. RUBY FAMILY.

Rnbj fa- The minerals belonging to this family are divided into seven

species, namely, ceylanite, automalite, spinell, sapphire, corun-

dum, emery, and chrysoberyl. They are all extremely hard,

and several of them highly valued on account of their beauty.

Sp. L Ceylanite.-ff

Pleonasle of Haiiy.

The mineral denominated ceylanite, from the island of Cey-

lon, from which it was brought into Europe, had been ob-

served by Rome de Lisle ; but was first described by La
Metherie in the Journal de Physique for January 1793.

It is most commonly found in rounded masses ; but some-

times also crystallized. The primitive form of its crystals is

a regular octahedron : it often occurs under this form, but

* Klaproth's Beitrage, i. 222. f From Norway. Ibid. iii. 271.

% Klaproth, Ibid. v. 130. The specimen was from the Circars in India.

§ From Ceylou. Ibid. i. 231.

||
From Expailly. Vauquelin, Jour, de Min. No. xxvi. 106.

** Annals of Philosophy, xiv. 147.

ft Brochant, ii. 525. Haiiy's Miner, iii. 17. Bournon. Phil. Trans.

1802, p. 318. Hoffmann, i. 530.

\\ Crystallog. iii. 180. Note 21.
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more commonly ihc edges of the octahedron are wanting, and chap. u.

small faces in their place.* "-"V

Colour appears dark indigo blue, passing into bluish black;

but when closely examined proves greenish black. Surface

rough. External lustre small ; internal shining and splendent,

resinous. Fracture perfect flat conchoidal. Fragments very

sharp-edged. Scratches quartz slightly. Softer than spinell.

Easily frangible. Specific gravity from 3*7647 to 3-7931.f
Iniiuible per se.

. Sp. 2. Auiomol'ite.

This mineral has hitherto been found only at Fahlun. It

occurs in talc slate; and, what is singular, though this rock

abounds in the neighbourhood of Fahlun, the automalite is

found only in Eric Matt's mine. It appears to have been

discovered by Assessor Gahn, about the year 1805, and was

soon afterwards examined and analysed by Ekeberg and Ber-

zelius, who each separately obtained the same constituents. An
account of it was published by Egeberg in 1806. \

Its colour is dark green. Always crystallized in regular

octahedrons, similar to the form of the spinell. The crystals

are small. Longitudinal fracture foliated ; cross fractu re un-

even and somewhat conchoidal. Opake, but in small pieces,

translucent on the edges. When pounded, it becomes light

green. Scratches quartz. Specific gravity 4*261 . § Not fu-

sible by the blow -pipe. With borax it melts into a glass,

green while hot, but colourless when cold. Its constituents are.

II

. 60 ...42
.. 4-75 . • i 4*

Zinc oxide
, , . . 24-25 . . . . 28

Iron oxide . . 9-25 . • • f o

Sulphur and loss . , • • • — m ... 17

. . T75 .

I'ndecomposed
» • • " • . . . 4

100-00 100

• Haiiy, Jour, de Min. No. xxxviii. 264. f Haiiy.

1 At'handlingar, i. 84. Hotnnnnn, i. 526.

§ Ekeberg, Afhandlingar, i. 88. Sometimes small specks of galena may
be observed in the crystal. Its specific gravity is then 4*8? It. It is

doubtless owing to some such mixture that Uauy has made the specific
gravity as high as 4 0969. See Lucas, ii. 237.

||
Ekeberg, Gehlen's Jour. v. 443.

Vauquelin, Gehlen's Jour. Second series, ii. 38.
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Book nr. The name automolite (deserter) was applied to this mineral
* v

' on account of the portion of zinc which it contains. As its

crystalline form is the same with that of spinell, it was be-
lieved at first that automolite was merely spinell, with particles

of blende mixed mechanically through the crystal. I have
been even told by some that they could detect the mixture by
the naked eye. But as the specific gravity of automolite is

greater than cither that of spinell or of blende, it is obvious
that it must be something more than a mechanical mixture of
the two ; but if it be a chemical compound of the two, it is

entitled to be regarded as a distinct species. Berzelius has
given to this mineral the name of Gahnite. It is difficult to

_
form a correct idea of its composition. I think Vauquelin's

specimen must have been impure, as neither Ekeberg nor
Berzelius detected any sulphur in this mineral.

Sp. 3. Spinell.*

Spinell and balass ruby of Kirvvan

—

Rabis spinelle ocloedre of

De Lisle

—

Spinellus of Gmclin.

This stone, which comes from the island of Ceylon, and
which has been found also in the granular ejected limestone of

Vesuvius, and in a limestonef quarry belonging to the iron

foundary at Oker in Sudermanland in Sweden, is usually

crystallized. The form of jts integrant particles is the tetra-

ojEtais. hedron. The primitive form of its crystals is a regular octa-

hedron, composed of two four-sided pyramids applied base to

base, each of the sides of which is an equilateral triangle.

In some cases two opposite sides of the pyramids are broader

than the other two; and sometimes the edges of the octa-

hedron are wanting, and narrow faces in their place. For

figures and descriptions of these, and other varieties of these

crystals, the reader is referred to Rome de Lisle and the Abbe

Estner.X It occurs also in tetrahedrons, in rhomboids whose

faces have angles of 1 20° and 60°, in rhomboidal dodecahe-

drons, and in four-sided prisms terminated by four-sided py-

ramids^

Colour red, passing on the one side to blue, and on the

other to yellow and brown. From carmine red it passes into

* Hoffmann, i. 535.

t This lime-stone is primitive, as is obvious from Hisinger's account of

tlie structure of that part of the country. Samling till en Mineralogisk

Geografi ofver Sverige, p. 150.

\ Crystall. ii. 226. Estner's Miner. 73. § Bournon.
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crimson, cochineal, and cherry-red; and into plum, violet,

and indigo blue; and likewise into blood red, orange yellow,

and reddish brown. Surface smooth. Lustre splendent,

vitreous. Fracture perfect flat conchoidal, sometimes imper-

fectly foliated. Fragments sharp-edged. Transparent and

translucent. Scratches quartz strongly. Scratched by sap-

phire. Specific gravity from 3 5 2 3 to 3-815.* Infusible

before the blow-pipe : melts with borax. The ancients seem

to have classed this stone among their hyacinths.f

The following table exhibits the composition of ccylanite

and spinel!, according to the most accurate experiments hitherto

made

:

CrOatiitr. Spiorll.

+
+ II

##

68 82-47 72-25

12 8-25 8-78 14-63

2 15-5 548
16 1-5 4-26

6*57

0 75
1-83

o 2-18 1-55

100 100-5 100-00 100-00

The essential constituents of spinell appear to be 1 atom of

magnesia and 6 atoms of alumina. I have placed ceylanitc

along with it, because, if we leave out of view the oxide of

iron, which may be only accidental, its constituents seem to be

the same as those of spinell. In automolite oxide of zinc ap-

pears to be substituted for magnesia. Does the alumina in

these minerals perform the part of an acid?

Sp. 4. S<tpphire.\\

The stones usually called precious were first distinguished "«><ory-

on account of their colour. Those that had a red colour were

called rubiesS the yellow were (opuses; the blue sapphires ; and

* Molis. f IMinii, HI), xxxvii. c. 9.

X Collet Descotills, Ann. dc Chiin. xxxiii. 11.

§ Klaproth, Deitrnge, ii. 10.

||
Vauquclin, Jour, dc Min. No. xxxviii. 89.

Iierzelius, Afhandlingar, i. 09.

\\ Hoffmann, i. 5 17.
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the purple amethysts. It was soon observed, however, that
most of the properties for which these stones were valued,

were proportional to their hardness ; and as the finest kind
came from the east, it was usual with lapidaries to distinguish

them by the epithet oriental. Mineralogists were accustomed
to consider these stones as distinct species, till Rome" de Lisle

observed that they agreed in the form of their crystals, their

hardness, and most of their other properties ; and Werner
made the same remark about the same time. These observa-
tions were sufficient to constitute them one species; and ac-

cordingly they were made one species by Rome de Lisle himself)

by Kirvvan, and several other modern mineralogical writers.

Rome de Lisle gave the species the name ofruby; but this has

been since confined to a different mineral. This induced

Haiiy to invent the new word telesia; but the term sapphire^

appropriated to this species by Werner and Delametherie,

was adopted by mineralogists in general.

Sapphire is found in the East Indies, especially in Pegu and
the island of Ceylon ; and it is most commonly crystallized.

The crystals are of no great size: their primitive form, as has

been demonstrated by Bournon, is a rhomboid, whose angles

are 86° and 94°, and which, therefore, is nearly rectangular.

Sometimes it occurs in this form, though but seldom. Bour-

non has described no less than eight modifications of it. We
may consider the primitive form as composed of two trihedral

pyramids united base to base, the solid angles of which are

composed of three acute angles of the faces. The eight mo-
difications are, 1. The summit of the pyramids is replaced by

a face perpendicular to the axis, and of various sizes. 2. The
edges of the base of the primitive pyramids are replaced by

faces parallel to the axis, which separates the pyramids by a

six-sided prism with rhombic planes. Often this modification

runs into a regular six-sided prism. 3. A decrement takes

place on the flat angles of the base, which converts the pyra-

mids to six-sided, so that the crystal is often a dodecahedron,

composed of two six-sided pyramids applied base to base

;

but it is very seldom that both pyramids arc complete. This

modification is often combined with the second. 4. The
solid angle at the summit is replaced by three faces, which

sometimes become so large as to cause the faces of the primi-

tive rhomboid to disappear, and converts the crystal into a

secondary rhomboid, whose faces have angles of 114° and 66°.

5. A more rapid decrement of the same kind produces a rhom-

boid still more acute, the faces of which have angles of 117°
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and 63°. 6. Similar decrements, still more rapid, form a ckap.ir.

third rhomboid still more acute, whose faces have angles of v

119° 14' and 60° 46'. 7. The acute angles which rest upon

the base of the primitive pyramids suffer a decrement, which

converts the crystal into a six-sided prism, whose faces cor-

respond with the solid angles of the base of the primitive

pyramids. 8. A six-sided pyramid, the solid angle of whose

summit measures 24°. Each of the edges of the pyramid is

replaced by a small face, which makes the pyramid a dodeca-

hedron.* The crystals are complete ;
planes often transversely

streaked. Occurs often in small rolled pieces.

Colours blue and red. From Berlin blue it passes into in-

digo blue, and into azure, violet, lavender, lilac, and sky-

blue, and deep green : from lilac blue into peach blossom,

crimson, cochineal, and carmine-red: also into rose-red,

reddish-white, and yellowish-white: from lavender-blue into

pearl and bluish-grey, and bluish-white. Lustre, splendent,

vitreous. Fracture conehoidal. Transparency from trans-

parent to translucent. Causes only single refraction. Harder

than all minerals, except the diamond. Easily frangible.

Specific gravity from 3*916 to 4*283.f Infusible before the

blow-pipe. Melts with borax without effervescence.

Sp. 5. Corundum. J

Corundum of Gmelin

—

yldamant'me spar of Klaproth and

Kirwan

—

Corindon of 1 la.iy—

(

'orir'indinn of Woodward.

Though corundum appears to have been known to Dr. History.

Woodward, it may be said to have been first distinguished

from other minerals by Dr. Black. In 1768, Mr. Berry, a

lapidary in Edinburgh, received a box of it from Dr. An-
derson, of Madras. Dr. Black ascertained that these speci-

mens differed from all the stones known to Europeans; and,

in consequence of its hardness, it obtained the name of ada-

munthir spar. Notwithstanding this, it could scarcely be said

to have been known to European mineralogists till Mr. Gre-
ville of London, who has done so much to promote the science

of mineralogy, obtained specimens of it, in 1784, from India,

and distributed them among the most eminent chemists, in

order to be analysed. * Mr. Greville also learned that its

• Phil. Trans. 1302, p. 250. t Lowry and Haiiy.

X See Kirwan's Min. i. Klaproth in Beob. der Berlin, viii. 295, and
Beitra^e, i. 47. Mr. Greville and the Count de Bournon in the Philoso-
phical Transactions 1708, p. 403, and in Nicholson's Jour. ii. 540, and
in. 5. lUr. Ilatiy, Jour, de Phys. xxx. 193, and Jour, de Min. No. xxviii.

262, and Mineral, iii. f. Brochant, i, 3j'i. Hoffmann, i. 565.
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Bookiu. Indian name was corundum. It is found in Indostan, not far

from the river Cavery, which is south of Madras, in a rocky

matrix, of considerable hardness, partaking of the nature of

the stone itself.* It occurs also in China, and in Ce)rlon,

Ava, &c. The Count de Bournon pointed out the resem-

blance between this mineral and the sapphire, in a dissertation

published by him and Mr. Greville in the Philosophical

Transactions for 1798, and suggested it as probable that co-

rundum may be only a variety of the sapphire ; and that the

seeming difference in their ingredients is owing to the impurity

of those specimens of corundum which have hitherto been

brought to Europe. This conjecture has been since con-

firmed by a subsequent dissertation of Bournon, and the

chemical analysis of Chenevix.'^ Werner subdivides it into

two species, namely, corundum and adamantine spar ; but in

reality they seem to be only varieties, or at most subspecies

of the same species. The chief difference exists in the colours.

The first is found in India, the second in China.

The colour of corundum is various shades of green, blue,

red, and brown. It occurs massive, in rolled pieces, and

crystallized. Crystals the same as in sapphire. Surface

rough. External lustre dull; internal shining, vitreous.

Fracture perfect, foliated. Cleavage fourfold. Fragments

rhomboidal. Translucent. Scratches quartz. Easily frangi-

ble. Specific gravity 3-710 % to 4'180.§

Sp. 6. Emery.
j|

This mineral is brought to Britain from the isle of Naxos,

where it must exist in great abundance. It occurs also in

Germany, Italy, and Spain. It is always in shapeless masses,

and mixed with other minerals. It has been usually con-

sidered as an iron ore, because it is always contaminated with

the oxide of that metal. Colour intermediate between greyish-

black and bluish-grey. Lustre, glistening, adamantine. Frac-

ture small-grained uneven, sometimes splintery. Fragments

rather blunt-edged. Sometimes in fine grained distinct con-

cretions. Opaque. Scarcely yields to the file. Difficultly

frangible. Specific gravity about 4. This mineral is much

used in polishing hard bodies.

The following table exhibits the composition of these mine-

rals according to the best analyses hitherto made.

* Garrow and Greville, Nicholson's Jour. ii. 540.

f Phil. Trans. 1002, p. 233. t Klaproth.

§ Greville, Nicholson's Jour, lit, 11. ||
Hoffmann, i. 5G1.
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Bo«k in. This table seems to show that the composition of sapphire,

corundum, and emery, is essentially the same. Sapphire is

nearly in a state of purity ; but the other two minerals are

more or less contaminated by the admixture of foreign bodies.

In all probability sapphire, supposing it absolutely pure, would

consist entirely of alumina. The specimen examined by Kla-

proth contained no other foreign body but 1 per cent, of iron.

If we take this analysis as the type of purity, and compare
the others with it, we shall be able to determine how much the

other specimens were contaminated by foreign bodies.

Sp. 7. Chrysoberyl*

Cymophane of Haiiy.

Hitherto this stone has been found only in Brazil, the island

of Ceylon, and in Connecticut, in North America. Werner
first made it a distinct species, and gave it the name which it

now bears. It is usually found in round masses about the

size of a pea, but it is sometimes also crystallized. The pri-

mitive form of its crystals is a four-sided rectangular prism,

whose height is to its breadth as */ 3 to 1, and to its thick-

ness as */ 2 to 1. The most common variety hitherto ob-

served is an eight-sided prism, terminated by six-sided sum-

mits. Two of the faces of the prisms are hexagons, two are

rectangles, and four trapeziums : two faces of the summits

are rectangles, and the other four trapeziums. Sometimes

two of the edges of the prism are wanting, and small faces in

their place. "j-

Colour asparagus green, sometimes passing on the one hand

to greenish- white, and on the other to yellowish-grey. Ex-

ternal lustre of the crystals, shining ; internal splendent, vi-

treous. Fracture perfect conchoidal. Fragments sharp-edged.

Semi-transparent. Scratches quartz and beryl. Brittle.

Easily frangible. Specific gravity by my trial 3*733. Infu-

sible befoi'e the blow-pipe.

Klaproth's analysis of this mineral is as follows :

Alumina 71*5

Silica 18-0

Lime 60
Oxide of iron 1*5

Loss 3

ioo-o %
* Kirwan, i. 262. Brochant. i. 167. Haiiy, ii. 491. Hoffmann, i. 424.

t Haiiy, Jour, de Mill. No. xxi. 5. J Bcitrage, i. 102.



STONES. 259

Sp. 8. Turquois* ' Ik

This mineral has not hitherto found a place in mineral sys-

tems ;
though it has been long prized as an ornament, and

rivals' iu price the most beautiful of the precious stones. It

was known to the ancients, and appears to be the mineral de-

scribed by Pliny, under the name of calais.f Fossil bones

coloured by copper occur in different parts of France, &c.

which have been distinguished by the same name, and employed

likewise as an ornament. The first tolerably accurate descrip-

tion of the turquois was published by Dr. Fischer, of Mos-

cow. It occurs only in Persia, not far from Nichabour, in a

mountainous district. Agaphi, the only naturalist who has

visited the spot, informs us that the turquoises occur in thin

veins, which penetrate the mountains in all directions. We
neither know the nature of the mountains, nor of the veins

in which the turquoises are found. But they occur either in

very thin pieces, or in round nodules, seldom so large as a

nut. They are very much valued by the eastern nations, and

the king of Persia is said to reserve all those which have a to-

lerable size, and a good colour, for his own use.

Colour a peculiar bluish green, very pleasing to the eye, and

is what gives value to the mineral.

It occurs always in amorphous pieces.

Fracture small conchoidal ; sometimes splintery ; sometimes

merely uneven.

Lustre dull or merely glimmering. It admits of a polish;

but even then the lustre is quite inconsiderable.

Opaque. Sometimes though rarely transparent in the edges.

Rathersofter than quarts. Powder white—sometimes it oc-

curs in decomposed pieces, or is covered by a white matter,

like clay, which adheres strongly to the tongue.

Specific gravity varies from 2*6296 to 3*25. According to

the analysis of Dr. John, the constituents of this mineral are

as follows

:

Alumina 73*0

Oxide of copper .... 4*5

Oxide of iron 4'0

WT
ater 18*0

Loss 5

loo-oj

* Fischer, Annals of Philosophy, xiv. 406. t Lib. xxxvii. c. 8.

J Gehlen's Journal, iii. 96. Second series.

S 2
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Boakur. It would appear from this analysis that it is a hydrate of
v alumina, coloured by a mixture of popper and iron.

Fischer has divided the turquois into three distinct species

;

viz.

1. Calaite. Always blue, in reniform pieces, and opaque.
Sp. gravity 2 "SC.

2. Agaphite. It has a conchoidal fracture, varies in colour,

and always occurs in thin layers, in an argillaceous iron ore.

Sp. gravity 8"25.

3. Johnite. It occurs in very thin layers, in a black sili-

ceous slate. It is harder than the other two species. Fracture
splintery. Colour pale blue, passing into green.

IV. SCHORL FAMILY.

schorl fa- This family contains 9 species, namely, topaz, schorlite, py-
rophysalite, euclase, emerald, peliom, iolite, schorl, and jibrolite.

Sp. 1. Topaz*

Occidental ruby, topaz, and sapphire.

The name topaz has been restricted by Mr. Haliy to the

stones called by mineralogists occidental ruby, topaz, and sap-

phire ; which, agreeing in their crystallization and most of

their properties, were arranged under one species by Mr.

Rome de Lisle. The word topaz, derived from an island in

the Red Sea,f where the ancients used to find topazes, was ap-

plied by them to a mineral very different from ours. One va-

riety of our topaz they denominated chrysolite.

The topaz is found in Saxony, Bohemia, Siberia, Brazil,

Scotland, Cornwall, and New Holland, mixed with other mi-

nerals in granite rocks.

It is most commonly crystallized. The primitive form is an

octahedron composed of two four-sided pyramids whose base

is a rectangle applied base to base. But it occurs most com-

monly in eight-sided prisms, the terminations of which are

somewhat complicated. For a description I refer to Haiiy.

Colour wine yellow. From pale wine yellow it passes into

yellowish white, greenish white} mountain, green, sky blue

:

* Kirwan's Min. i. 254. Pott, Meni. Berlin, 1747, p. 46. Margraff, ibid.

1776, p. 73 and 160. Henkel, Act. Acad. Nat. Cur. iv. 316. Brochant, i.

212. Hoffman, i. 577.

+ It got its name from Twajiu, to seek; because tbe island was often sur-

rounded with fog, and therefore dilbcult to find. See Plinii, lib. xxxvii. c. 8.
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from deep wine yellow into flesh red and crimson red. Lustre cb,P . u.

spUiuknt, vitreous. Cross i'ractu re perfect straight foliated ;

^"v<—

longitudinal, small imperfect conchoidal. Fragments sharp-

edged, sometimes tabular and splintery. Often transparent,

sometimes only translucent. It causes a double refraction.

Scratches quartz, but is scratched by spiucll. Very easily fran-

gible. Specific gravity from 3'4«64. to S'64-l.* The Siberian

and Brazil topazes, when heated, become positively electrified

on one side, and negatively on the other.f It is infusible by

the blow-pipe. The yellow topaz of Brazil becomes red when

exposed to a strong heat in a crucible : that of Saxony becomes

white by the same process. This shows us that the colouring

matter of these two stones is different.

Sp. 2. Schorlitc.+

Schorlvus beryl of Werner

—

Lt ucnlifr ol Daubenton— l'yrntt§

of I laity.

This stone, which received its name from Mr. Klaproth, is

generally found in oblong masses, which when regular are six-

sided prisms inserted in granite. It is found at Altenbcrg in

Saxony, in a primitive rock, and likewise in other places. By cry*ui«.

careful mechanical division, small four-sided prisms, whose

bases arc rhombs with angles of I 'JO and 'i(> , may be obtained

from the larger specimens. These Bucholz considers as the pri-

mitive form of the schorlitc. The crystals commonly large.

The colour is white of various shades, passing, on the one

hand, through greyish white, and yellow ish white, into straw

yellow, and, on the other, through reddish white into peach

blossom, and even crimson red. Some specimens are marked
with spots of violet blue. Lustre shining, resinous. Cross

fracture imperfect foliated
;
longitudinal imperfect small con-

choidal. Composed of thin prismatic distinct concretions,

which are longitudinally streaked. Translucent. Moderately
hard. Brittle. Very easily frangible. Specific gravity from

3-503 to 3'530.§

Sp. 3. Pyrophysulile.\\

This mineral was discovered by Assessor Gahn, at Finbo,

three quarters of a Swedish mile east from Fahlun, in Dale-

• Werner and Lowry. t Haiiy, Jour, de Min. No. xxviii. 287.

X Brochnnt, i. 224. Haiiy, iii. 236. Bucholz, Gehlen's Jour. ii. 15.

Hoffmann, i. 620.

§ Bucholz.
||
Hoffmann, iv. 2. 114.
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iic. carlia, where it occurs embedded in gneiss. The first account
S*"v

' of it was published by Hisinger and Berzelius in 1806.* The
description as drawn up by Hisinger is nearly as follows

:

Colour white, sometimes with a shade of green. Usually in

irregular pieces, sometimes approaching to the shape of a

rhomboid. Fracture foliated. The cleavage appears to be

triple ; but two of them, which are parallel to the sides of the

rhomboid, are very indistinct ; while the third parallel to the

axis of the rhomboid is very well defined. Fragments inde-

terminate, sharp-edged. Translucent on the edges. Scratches

glass readily, but is itself scratched by quartz. Difficultly

frangible. Specific gravity 3*45 1. The powder phosphoresces

slightly when heated. Scarcely fusible before the blow-pipe,

but becomes white and opaque, and small bubbles cover its

surface, which burst when the heat is kept up. With borax

it melts into a transparent and colourless glass ; with soda it

effervesces, and forms a porous mass.

Haiiy considers the three preceding minerals, not as distinct

species but as mere varieties. And if we attend to their pro-

perties, and to the following table exhibiting their compo-

sition, we can have little hesitation in adopting that opinion

as correct

:

* Afhandlingar, i. 111.
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From Borzelius' analysis we sec that the composition of to-

paz and pyrophysalite is absolutely the same. Schorlitc con-

tains less alumina and rather more silica and fluoric acid. It

is not easy to form a correct idea of the composition of these

minerals. Berzelius considers schorlitc as A F / + 3 A S;

that is, a compound of 1 atom of filiate of alumina and of 3

atoms of silicate of alumina; while topaz and pyrophysalite he

considers as A s F / + 3 A S, that is a compound of 1 atom

of subfluatc of alumina and 9 atoms of silicate of alumina.

But the numbers which we have adopted for the weight of the
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B**nL atoms of the constituents of topaz do not agree with this no-
^""v"-"^

tion. Berzelius' analysis indicates 1 atom fluoric acid,
4-J- atoms

silica, and 1\ atoms alumina. Probably the acids in topaz are

fluosilicic and silicic. I suspect it to be a compound of 1 atom
subfluosilicate of alumina and 3 atoms subsilicate of alumina.

So that its symbol will be A2 F I* + 3 A2 S.

Sp. 4'. Enduse.*

This stone, which was brought from Peru by Dombey, and
which was afterwards found in Brazil, was at first confounded
with the emerald, on account of its green colour. It is always

crystallized. The primitive form of its crystals is a rectan-

gular prism, whose bases are squares ; but it usually occurs in

four-sided oblique prisms, two angles of which are square, the

others 130° 55', according to the measurement of Wollaston.

The crystals are longitudinally streaked. Colour mountain-

green. Lustre splendent, vitreous. Longitudinal fracture fo-

liated. Cleavage twofold. Cross fracture conchoidal. Causes

a double refraction. Scratches quartz. Very easily frangible.

Specific gravity 2*907.t Fusible before the blow-pipe into a

white enamel. This mineral was subjected to an imperfect

analysis by Vauquelin,| and a more complete one by Berze-

lius, who found its constituents as follows

:

..23 ... 30*56

21-78

Oxide of iron .

.

.. 5 ... 2-22

0'70

..21 ... 1-42

100 1 OO'OO §

This analysis is too imperfect to enable us to determine the

constitution of euclase. Its specific gravity is sufficient to show

that it is specifically different from the emerald.

Sp. 5. Emerald.

Of this species there are two subspecies, namely, emerald

and beryl.

* Brochant, ii. 508. Haiiy, ii. 5S1. Hoft'mann, i. 592.

f Lowrv. J Jour, de l'hys. Ixii. 317.

$ Beraelius, Aniwls of Philosophy, xiii. p. 381.
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Subsp. 1. Emerald* wl5

This mineral comes chiefly from Peru ; some specimens have

been brought from Egypt. Dolomieu found it in the granite

of Elba. Hitherto it has been found only crystallized. The c^tai*.

primitive form of its crystals is a regular six-sided prism; and

the form of its integrant molecules is a triangular prism, whose

sides are squares, and bases equilateral triangles.f The most

common variety of its crystals is the regular six-sided prism,

sometimes with the edges of the prism, or of the bases, or the

solid angles, or both, wanting, and small faces in their placet

Crystals short ; lateral planes smooth, terminal planes rough.

Colour emerald green of all intensities. Internal lustre be-

tween splendent and shining, vitreous. Fracture small imper-

fect conchoidal, with a concealed foliated fracture and four-

fold cleavage. Fragments sharp-edged. Transparent or trans-

lucent. Causes double refraction. Scratches quartz with dif-

ficulty. Specific gravity from 2*732§ to '2-7755.
||

Subsp. 2. Beryl.

This mineral is found embedded in primitive rocks and veins

in many parts of the world, especially in Siberia. It is crys-

tallized in the same forms as the emerald. The crystals arc

long, have their lateral planes longitudinally streaked, their

terminal planes smooth.

Its most common colour is green ; from mountain green, it

passes into apple, asparagus, oil green, honey-yellow ; also into

smalt and sky-blue. The colours are usually pale. Lustre

shilling, vitreous. Cross fracture between uneven and small

imperfect conchoidal : longitudinal fracture foliated, with a

four-fold cleavage. Fragments sharp-edged. W hen massive

it consists of thin prismatic distinct concretions. Tnmsparent;

sometimes only translucent, and then it exhibits cross rents.

Causes double refraction. Nearly as hard as topaz. Easily

frangible. Specific gravity 2*678 to 2*782.**

These two minerals become electric by friction, but not by

heat. The powder does not phosphoresce when thrown on a

• Kirwan, i. 247 and 248. Dolomieu, Magazin Kncyclopstfiiquc, ii. 17

and 145; and Jour, de Min. No. xviii. 19. Klaproth's Beit race, H. 19.

Brocliant, i. 217. llaiiy, ii. 516. Hoft'uiann, i. 596.

t Haiiy, Jour, de Min. No. xix. 72.

i Koine de Lisle, ii. 44o, and Haiiy, ibid.

h M°ris-
||
Hauy. Mohs.
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hot iron.* At 150° Wedgewood they melt into an opaque
coloured mass. According to Dolomieu, they are fusible per

se by the blow-pipe.f

The following table exhibits the composition of this species,

according to the most accurate analyses hitherto made.

Emerald. Beryl.

•*-

+ §
.1.1

TT

err 64*5

16

13
3-25

15-75

12-50

0-30
1-00

68

15

14

66-45

16-75

15-50

68-35

17*60

13-13Cilucina.

Oxide of chromium
1

2

0-6 0-72

0-27Oxide of tantalum
1-6

2

0*25

1*70 0-7

100-35 100-00 100 L00'00jl00-07

From these analyses it follows that the constituents of eme-

rald and beryl are precisely the same, and that the only essen-

tial constituents are silica, alumina, and glucina. It is there-

fore a double silicate. It seems to be a compound of 1 atom

of bisilicate of glucina and of 2 atoms of silicate of alumina.

Chromium is the colouring matter of the emerald and iron of

the beryl.

Sp. 6. Iolite.%%

Dicliroite of Cordier ; Cordierile of Lucas.

This mineral was brought to France from Grenada in Spain,

where it occurs in two different places apparently in floetz trap

rocks. At Arendal in Norway it has been found lately im-

bedded in primitive trap. As its crystalline form has not been

ascertained we cannot be certain that it is entitled to be con-

sidered as a peculiar species. I have placed it here however

* Dolomieu, Jour, de Miu. No. xviii. 19. f Ibid.

% Vauquelin, Jour, de Miu. No. xxxviii. 98.

^ Klaproth, Beitrage, iii. 22G.

||
Vauquelin, Jour, de Min. No. xliii. 563.

*» Klaproth, Beitrage, iii. 219.

ft Berzelius, Afhandlingar, iv. 192. The specimen was from Broddbo.

XX Lucas, ii. 219. Hoffmann, i. 589.
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provisionally. There arc two other minerals, which have been chap, 11.

described as distinct species under the names of steinhe'dite

and peliom. There are strong reasons for suspecting these to

be mere varieties of iolite. But till sufficiently characteristic

specimens be procured to enable us to determine this point, it

will be safe to place each separately as subspecies. The cha-

racters of iolite proper are as follows

:

Its colour is muddy violet-blue. When viewed in the direc-

tion of the axis of the crystal its colour is violet-blue, but

when looked at in a direction perpendicular to the axis, its co-

lour is yellowish-brown.

It is frequently crystallized in equilateral six-sided prisms

with rough surfaces. Lustre shining and vitreous. Fracture

usually small-grained uneven, sometimes imperfect conchoidal.

Fragments sharp angular. Specific gravity 2-560.* Alter-

nates from translucent to opaque. Scratches quartz with dif-

ficulty. Easily frangible. According to the analysis of Dr.
Leopold Gmelin, the constituents of iolite are as follows:

Silica 42'6

Alumina 3i'±

Magnesia 5*8

Lime 1*7

Protoxide of iron 1.5*0

Oxide of manganese 1*7

10l-2f

Subsp. 2. Steinhe'dite.

This mineral occurs in Finland, and has been long known
in collections under the name of blue quartz. Count Stein-
heil, Governor of Finland, suspecting it to dilfer from quartz,
requested Professor Gadolin to examine it, and he found in it

a considerable quantity of alumina, and published an elaborate
description, and analysis of \\..%

Colour smalt blue with a slight admixture of red. All the
specimens which J have seen were amorphous, but Gadolin
describes it as crystallized in four-sided rectangular prisms, in
six-sided and in eight-sided prisms. Fracture coarse splinter}-,
and sometimes imperfect conchoidal. Lustre shining, vitre-
ous. Fragments indeterminate, very sharp-edged. Translu-

• Cornier. + Schweigger's Jour. xiv. 316.
I Memoires de V <\cademie Imp. des Sciences de St. Petersbure, 1818

i. 565.
6

'
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cent. In thick masses only translucent on the edges. Slightly
scratched by rock crystal. Very easily frangible. Sp. gr.
2-598, by my trial. Gadolin found it 2-6026. Before the blow-
pipe it does not fuse with soda. Borax acts upon it, but not
powerfully. The fused bead is colourless.

The constituents of this mineral according to the analysis
of Gadolin, are as follows :

Silica 45*5

Alumina 23"0

New substance 10*0

Magnesia 8*3

Protoxide of iron .... .5-6

Water 7' 4?

99-8

The new substance was a red powder, possessing peculiar

properties, which Gadolin describes at length. But Stromeyer

has since analyzed steinheilite without being able to detect

any of the supposed new substance. We must, of course, sus-

pend our judgment respecting its existence.

Subsp. 3. Peliom.*

This mineral occurs at Bodenmais, in Bavaria, and was

named by Werner, from its blue colour (nzXiupa) . Its co-

lour is intermediate between azure and blackish blue. It oc-

curs massive and crystallized, according to Breithaupt in six-

sided prisms.

Its fracture is small, and imperfect conchoidal. The crys-

tallized specimens exhibit an imperfect foliated fracture, with

a four-fold cleavage (indicating probably an octahedral struc-

ture).

Lustre shining and vitreous—translucent—about as hard as

quartz—brittle—reduced to powder with diihYulty.

Specific gravity 2-54-1 according to Leopold Gmclin;f

2'7H' according to Brandos J (but the specimen was much

mixed with mica); 2*5995 according to Stromeyer.§ When
heated, it becomes electric, and, if we believe M. Blode, it

possesses both kinds of electricity. Before the blow-pipe, it

fuses with much frothing into a transparent bead.

* Hoffmann, iv. ii. 1 17. Brandos, Schweigger's Jour. xxvi. 90*

t Hoffmann's Mineralogie, iv. 8. 1 18.

$ Schweigger's Jour. xxvi. 91. § Gilbert's Annalen, lxiii. 377.
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We have three analyses of this mineral, according to which <*P

its constituents are as follows :

* t t

Silica 54-00 49-1700

Alumina 37*6 28-50 3S'1055

Magnesia 9*7 0\50 11-4800

Lime 3*1 .... ....

Potash ? 1 '0 .... ....

Iron oxide •• 4*5 .... 16*18 .... 4*3380

Manganese oxide Trace .... 0*25 .... Trace

Water 0*25 .... 1*2042

99-5 99*68 99*2977

From the above description and analysis of these three mi-

nerals there are strong reasons for considering them as belong-

ing to one species. Stcinheilite and iolite indeed I have com-

pared ; but I have not yet seen a specimen of pelioin.

Species 7. Tourmalin.

§

The word schorl, by which this mineral is distinguished in

the Wernerian system, is said to be derived from the village

of Schorlaw in Saxony, where the mineral to which that name

was originally given was tirst observed.

No word has been used by mineralogists with less limitation History,

than schorl. It was lirst introduced into mineralogy by Cron-

stedt, to denote any stone of a columnar form, considerable

hardness, and a specilic gravity from 3 to 3*4. This descrip-

tion applied to a very great uumber of stones; and succeeding

mineralogists, though they made the word more definite in its

signification, left it still so general, that under the designation

of schorl almost 20 distinct species of minerals were included.

Werner first defined the word schorl precisely, and restricted

it to one species* of stones. It occurs commonly in granite,

gneiss, and odicr similar rocks; often massive but very fre-

quently crystallized. Primitive form of its crystals is an ob-

tuse rhomboid ; the solid angle at the summit of which is 139°,

* Luupold Gmelin, as quoted by Breithatipt. HolVmann, iv. f. 119.

f Brandos. The specimen was much mixed with mica. Sclnveig^cr uki

tupra.

I
Stmmeyer. The specimen was tVom Simiutak. filbert's Annalen, lxiii.

377.

5 Kirwnn, i. 263. Haiiy, iii. 31. Brochant, i. 116. Hoffmann, i. 6<27.
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Book in. having rhombic faces, with angles of 114° 12' and 6.5° 48'

:

* v ' but it usually occurs in three, six, eight, nine, or twelve-sided

prisms, terminated by four or five-sided summits, variously

truncated ; for a description of which the reader is referred to

Haiiy* and Bournon.f The faces of the crystals are often

convex.

Werner divides this species into two subspecies, distin-

guished chiefly by their colour, and the situation in which they

are found.

Subsp. 1. Common iourmalm or schorl.

Colour velvet black. Found usually massive, rarely crys-

tallized. Crystals three-sided prisms, having their lateral

edges truncated ; sometimes terminating in a pyramid. The
crystals are mostly acicular. Lustre glistening, vitreous. Frac-

ture conchoidal, between imperfect and small grained uneven.

Opaque. Often composed of thin prismatic distinct concre-

tions. Streak grey. Hardness rather inferior to quartz. Spe-

cific gravity from 3*104 to 3'225. When heated to redness, its

colour becomes brownish red ; and at 127° Wedgewood, it is

converted into a brownish compact enamel. %

It often becomes electric when heated, precisely like the suc-

ceeding subspecies ; but sometimes, from its containing par-

ticles of iron, the experiment does not succeed.§

Subsp. 2. Electric tourmaline.^

This stone was first made known in Europe by specimens

brought from Ceylon; but it is now found frequently forming

a part of the composition of mountains. It is sometimes in

amorphous pieces, but much more frequently crystallized in

three or nine-sided prisms, with four-sided summits.

Principal colours green and brown. From leek green passes

into pistachio and olive green ; liver brown, yellowish and

reddish brown
;
hyacinth and crimson red

; violet, azure, ber-

lin, and indigo blue. Found usually crystallized. Crystals

• Miner, iii. 34. r Phil. Trans. 1802, p. 313.

t Kirwan's Min. i. 166. §
Haiiy, iii. 56.

||
Kirwan, i. 271. Bergman, ii. 1 18, and v. 402. Gerhard Mem. Berl.

1777, p- 14. Haiiy, Mem. Par. 1784, p. 270. Wilson, Phil. Trans, xli. 308.

TEpinus, Recueil sur la Tourmaline. See also La Porterie, le Sapphir, l'Oeil

de Chat, et la Tourmaline do Ceylon, demasques. Brochant, i. 288. Sir

William Watson has shown that the lyncurium of the ancients, as described

by Theophrastus, must have been the tourmaline. Phil. Trans. 1759, p. 394.
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three, six, or nine-sided prisms, variously truncated. Lateral ctap. n.

faces usually striated longitudinally. Internal lustre splen-

dent, vitreous. Cross fracture has a tendency to foliated ; lon-

gitudinal, perfect conchoidal. Sometimes transparent, often

opaque. Hard. Rather easily frangible. Specific gravity

from 3-070±* to 3'155.f
When heated to 200° Fahrenheit, it becomes electric ; one

of the summits of the crystal negatively, the other positively. J
It reddens when heated ; and is fusible per se with intumes-

cence into a white or grey enamel.
m

The siber'uc of Lermina, called daourite by Lametherie, a

mineral found in Siberia, is considered as merely a variety of

tourmalin. The rube/lite also is a red tourmaline.

* Hauy. + Werner. J .Y.pinus.
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The following table exhibits the most accurate experiments
hitherto made to determine the composition of this mineral.
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From these analyses it would appear that there is a marked chap, it,

distinction between the composition of rubcllite and the other

varieties of schorl, llubellite contains no iron, but a notable

quantity of manganese and soda, both of which are wanting in

schorl. The great loss sustained by Bucholz in his analyses,

though they were made with great care, and after the analyses

of Klaproth and Vauquelin, render the composition of schorl

doubtful. Some years ago, it was announced in the German
Journals, that Lampadius had detected boracic acid in the

tourmalin. The accuracy of this result was denied by Pro-

fessor Gmelin, of Tubcngen. But M. Vogel, of Munich, has

repeated the experiments, and actually extracted a quantity of

boracic acid from a black tourmalin, from the Obcrpflatz.* It

seems demonstrated then that this acid is a constituent of the

tourmalin. Hence, it is obvious, that a new set of analyses is

requisite before we can form an accurate notion of the chemi-

cal composition of this interesting species.

Sp. 8. Fihrolile.f

This mineral was first observed by Bournon in the matrix

of the imperfect corundum. Colour white or dirty gi'ey. Hard-
ness rather greater than that of quartz. Specific gravity 3 214.

Texture fibrous. Cross fracture compact. Internal lustre

glossy. Infusible by the blow-pipe. Usually in shapeless frag-

ments. Bournon observed one specimen crystallized in a

rhomboidal prism ; the angles of whose faces were 80° ami
100°. It is composed, according to C'hcnevix, of

58*2.5 alumina

38-00 silica

3*75 a trace of iron and loss

100-00 X

It is a subsilicate of alumina.

V. EPI DOTE FAMILY. Kpfdou

This family contains only four species
; namely, epidote, zoi-

site, anthophyllile, and axinite. If the two first be only varie-

ties ol the same species, as seems to be the case, this family
will be reduced to three species.

ScWigger's Journal, xxii. 18-2.

+ Bournon, Phil. Trans. 1802, p. 289.

t Ibid. p. 835.

VOL, III. rj.
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Sp. 1. Epidulc*

Book nr. Delphinite of Saussure—Pistacite of Werner

—

Thallite of La-
metherie

—

Acanticone, arendate of Dendrada.

This mineral, whicli occurs in the fissures of mountains, was
first observed in Dauphiny, afterwards in Germany, Norway,
Scotland, and other countries,

c^tais. It occurs massive and crystallized. The primitive form of

its crystals is a rectangular prism, whose bases are rhombs with

angles of 11 4° 37' and 65° 23'.f The most usual variety is

an elongated four-sided prism (often flattened), terminated by

four-sided incomplete pyramids ; sometimes it occurs in regu-

lar six-sided prisms. J Colour green. The crystals are often

very slender
;
longitudinally streaked. Internal lustre shining.

Fracture sometimes foliated, sometimes variously radiated.

Fragments sometimes wedge-shaped and splintery. In coarse

granular distinct concretions. Translucent; sometimes trans-

parent. Hard. Easily frangible. Specific gravity from 3*428

to 3*470. Powder white or yellowish green, and feels dry. It

does not become electric by heat. Before the blow-pipe it

froths and melts into a black slag. With borax it melts into

a green bead.§

Sp. 2. Zoisite.\\

This mineral was introduced into the system by Werner,

who named it from Baron Von Zois, the discoverer. It occurs

in primitive mountains, and has been found in Carinthia and

Baireuth, and likewise in Aberdeenshire in Scotland. Haiiy

considered it as a variety of epidote.

Colour yellowish grey, sometimes smoke gi'ey. Massive and

crystallized in very oblique four-sided prisms, having their ob-

tuse angles rounded off. Crystals longitudinally streaked. In-

ternal lustre shining, inclining to pearly. Fracture foliated :

in massive pieces, inclines to radiated. Only a single cleavage

parallel to the shorter diagonal of the prism hitherto disco-

vered. Shows a tendency to thin columnar distinct concre-

tions. Translucent. Specific gravity 3*315.** It does not

fuse before the blow-pipe.

Brocliant, i. 510. Haiiy, iii. 102. Hoffmann, i. 654.

+ Haiiy, Jour, de Min. xxviii. 271.

% Rome de Lisle, Crystall. ii. 401 ; and Haiiy, Jour. deMin. No. xxx. 415.

(j
Haiiy and Descotils, Jour, de Min. No. xxx. 415.

||
Hoffmann, i. 665.

**Klaproth, Gehlen's Jour. Second Series, i. 195.
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The following table exhibits the experiments hitherto made chap

to determine the composition of these minerals.

EpiJofe. Zobite.

* t + § § ll

##

Oxide of iron. . .

Ox. of manganese

37
27

14

17
1-5

37
21

15

24
1-5

1'5

37
266
20
13
0-6
1-8

1

45
29
21

3

2

47.5
29-5

17-5

4'5

0-75

0-25

40*25

30-25

22-50

4-50

2-00

0-50

44-0

32-0

20-0

2-5

Trace

3*5 1-5

ioo-o ioo-o ioo-o 100 100 100-00 ioo-o

The specimens of epidote seem to have been pure, as the

results in the above table accord very nearly, except in the

oxide of iron, which is probably often mixed with other mine-

rals. Berzelius considers it as C S + 2J S + A S or a com-
pound of 1 atom silicate of lime, 2 atoms silicate of iron, and

3 atoms silicate of alumina. Zoisite is probably epidote mixed
with a quantity of extraneous matter.

Sp. 3. Antliophyllite.ii-

This mineral was first observed at Konigsberg in Norway,
and described by Schumacher.

Colour light hair brown, passing into clove brown. Mas-
sive. It occurs also in thin flat six-sided prisms, longitudinally

streaked, and wanting the extremity. Lustre splendent, ada-
mantine. Fracture straight fibrous. Fragments approaching
to four-sided prisms. In granular distinct concretions. Crys-
tals transparent, massive pieces translucent on the edges.

Streak white. Semihard in a high degree. Remarkably brit-

tle. Specific gravity 3*156. Powder white with a shade of
yellow. W hen exposed in a crucible to the temperature of 32°

* Descotils, Jour, de Mia. No. xxx. 420.
I- Vauquelin, Haflj, iii. 104. J Laugier, Ann. de Chim. Ixix. 320.

t) Klaproth, Gehlen's Jour. Second Series, i. 197.

||
Bucholz, ibid. p. 201.

• • Klaproth, Beitrage, v. 43. The specimen was of Triable zoisite.

M Kursten and John, Gehlen's Jour. Second Series, 2490. De-la-Me-
therie. Jour, de Thys. UlT. 3j6. Ilofl'mann, i. 672.

T 2
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HI. Wedgewood it becomes opaque and dark clove brown ; but its

other qualities remain unaltered. Infusible before the blow-
pipe alone, but with borax it melts into a grass green transpa-

rent bead. With microcosmic salt it melts into an oil green
bead. With fixed alkali it melts readily.

Its composition according to the analysis of John is as fol-

lows :

Silica 56-00

Alumina 13*30

Magnesia 14'00

Lime 3*33

Oxide of iron G'OO

Oxide of manganese .... 3*00

Water 1*43

Loss 2-94-

100-00*

Sp. 4. Axinite.f

Yanolite of Lametherie

—

Axinite of Hau'y

—

Thummerstone of the Germans.

This stone was first described by Mr. Schreber, who found

it near Balme d'Auris in Dauphine, and gave it the name of

short viole. J It was afterwards found near Thum in Saxony,

in consequence of which Werner called it thummerstone.

It is sometimes massive; but more commonly crystallized.

The primitive form of its crystals is a rectangular prism,

whose bases are parallelograms with angles of 101° 32' and.

78° 28'.§ The most usual variety is a flat rhomboidal paral-

lelopiped, with two of its opposite edges wanting, and a small

face in place of each.
||

The faces of the parallelopiped are

generally streaked longitudinally.

Common colour clove brown ; it passes on the one hand to

plum-blue, on the other to pearl and ash-grey, and greyish-

black. External lustre splendent ; internal shining, vitreous.

Fracture fine-grained uneven. Fragments sharp-edged. Mas-

sive varieties occur in curved lamellar distinct concretions.

* Chem. Untersuchungen, i. 200.

f Kirwatl, i. 273. Pclletier, Jour, de Phys. xxvi. 66, Brocanr, i. 236.

Haiiy, iii. 22. Hoffmann, i. 678.

X Rome" de Lisle, ii. 353. § Haiiy, Jour, de Min. No. xxviii. 204.

| Rome" de Lisle, ii. 353.
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From transparent to translucent. Hard
;
yields to the file.

Very easily frangible. Specific gravity from 3 213 to 3-300.*

Before the blow-pipe it froths like zeolite, and melts into a

hard black enamel. With borax it exhibits the same pheno-

mena, or even when the stone is simply heated at the end of

a pinccr.t

The following table exhibits the analyses hitherto made to

determine the composition of this mineral

:

t § II

. . 52-7 . ...44 . . .. 50-5

• • 18 • ... 16*

• • • 19 • ... 17'

. . <J-6 . . . . H . • • • 9 5

Oxide of manganese . • • • • • • . . . 5 25

• > • • . . . 0-25

2-7 . ... 1 . . .. 15

100-0 100 100-00

This mineral, it would appear from Vogel's experiments,

contains boracic acid as a constituent.**

VI. GARNET FAMILY.

This family contains the following 1.5 species; leucitc, //?/-

renitc, veu/eian, gahnitc, gros>n/aria, mdanile, allochroitc, tolo-

plwnite, helv'me, gurnet, aplomc, grenatite, pyrofje, cudyalite, anil

cinnamon stone.

Sp. 1. Lao iti'.ff

Vesuvian of Kirwan

—

ll'liilc Curnet of Vesuvius

—

Amphlgene of Haiiy.

This stone is usually found in volcanic productions, and is

verv abundant in the neighbourhood of Vesuvius. It is al-

ways crystallized. The primitive form of its crystals is either

a cube or a rhomboidal dodecahedron, and its integrant mole-

cules are tetrahedrons; but the varieties hitherto observed are

all polyhedrons. The most common has a spheroidal figure,

* Hniiy. t Vuuquclin, Jour, de Min. No. xxiii. 1.

X Kluproth, Beitrage, ii. 126.

$ Vauquelin, Jour, de Min. No. \x"ii. L
||

Klaprotli, Beitrage, v. 28.
"» Schweigger's Journal, xxii. 182.

ft Kirwan, i. 285. Brochant, i. 188. llauy, ii. 559. Hoffmann,
i. 482.
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Boot uu and is bounded by 24 equal and similar trapezoids, * some-
times the faces are 12, 18, 36, 54, and triangular, pentagonal,
&c. For a description and figure of several of these, I refer

the reader to Mr. Haiiy.f The crystals vary from the size

of a pin-head to that of an inch.

Colour yellowish and greyish-white; very seldom reddish-

white. Internal lustre shining, vitreous. Fracture imperfect

flat conchoidal, sometimes inclines to foliated. Fragments
sharp-edged. Translucent. Scratches glass with difficulty.

Brittle. Rather easily frangible. Specific gravity from 2"455

to 2"l-90. X Its powder causes syrup of violets to assume a

green colour. § Infusible by the blow-pipe. Gives a white

transparent glass with borax.

The constituents of this species are as follows:

,|

##

Silica 54 .... 56

Alumina 24 .... 20

Potash 21 20

Lime — .... 2

Loss 1 .... 2

100 100

It is obvious thatleucitc is a compound of 1 atom of bisili-

cate of potash, and 3 atoms of bisilicate of alumina. Its

symbol is P S 2 + 3 A Sa
.

Sp. 2. Pyreneite.-\-\

This mineral is found embedded in primitive lime-stone in

the Pic Enes-Lids, near Bareges in France. It was separated

from garnet, and made a peculiar species by Werner.

Its colour is greyish-black. It occurs massive and crystal-

lized in rhomboidal dodecahedrons. Externally the crystals

are glistening, inclining to shining; internally glistening, and

the lustre is vitreous. Fracture small-grained uneven. Fra£-

ments indeterminate angular, and pretty sharp-edged. Opaque.

Hard. Specific gravity 2500. The constituents of this

mineral are as follows

:

* This crystal is usually distinguished among mineralogists by the name

of leucite crystal.

f Jour, de Min. No. xxvii. 185.

I .Klaproth, Beitrage, ii.41 and 55.

§ Vauquelin, Jour, de Min. No. xxxix. 1C5.

||
Klaproth, Beitrage, ii. 50. * » Vauquelin.

ft Hofitrmnn, ii. i. 871.
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Silica 43

Alumina 16

Lime 20

Oxide of iron 16

Water, &c 4
Loss 1

100*

Sp. 3. Fesuvian.\

Hyadnthbu of Delamatherie

—

Idocrase of Haiiy.

This mineral is found among the cxuvice of Mount Vesu*

vius, in a rock composed of mica, hornblende, garnet, and cal-

careous spar. It was formerly confounded with the hyacinth.

Colour olive-green, sometimes passing into blackish-green,

sometimes into liver-brown. Massive, and often crystallized

in four-sided rectangular prisms, having the edges truncated.

Its primitive form is a four-sided rectangular prism, little dif-

ferent from a cube, divisible in the direction of the diagonals

of the base. Integrant molecule, a triangular prism.
J

La-

teral planes of the crystals slightly streaked. Crystals short,

and usually small. External lustre shining j internal glisten-

ing between vitreous and resinous. Fracture small grained,

uneven. Has a tendency to small grained distinct concretions.

Translucent. Scratches glass. Specific gravity from 3*365

to 3*390. §. With borax it melts into a yellowish glass,

which appears red while hot.
||

The constituents of this mineral are as follows:

Silica 35*5 »«, . \'J. .... 4-1

Alumina 22*25 16*25 22
Lime 33*00 M< 22
Magnesia — .... — 3

Oxide of iron 7*50 5*5 6
Oxide of manganese .. 0*25 — 2
Potash — _ i

Loss 1 *50 2*25 3

100*00 10000 100
* \ auquelin, Jour, dc Min. No. xliv. 571. The analysis is considered as

of a common garnet, and quoted as such by Haiiy, ii. 512.

t Brochant, i. 184. Haiiy, ii. 574. Hoffman, i 472.

t Haiiy, ii. 574. § Klaproth.
||

Vauquelin.
*• Klaproth, Beitrage, ii. 32. The second specimen analyzed was from

Siberia. Its specific gravity was 3-305.

tt Borkowski, Annals of Philosophy, xv. 116. The specimen analyzed
belonged to the variety called Egeran by Werner. Specific gravity 3 294.



280 SIMPLE MINERALS.

Sp. 4. Galwite.*

This mineral is found in a lime quarry at Gbkum, a Swe-

dish mile south-west from the celebrated Dannemora mines

in Sweden. The lime is employed in the Osterby iron works.

The lime is considered as primitive, and contains, besides

tremolite and garnet, the mineral in question, in kidney-shaped

masses. It was described and analyzed by Mr. C. A. Murray
in 1S07, under the name of a green mineral from the lime

quarry of Gbkum.f The nature of the constituents which

were thus found, together with some other considerations, in-

duced Swedish mineralogists in General to consider it as a va-

riety of vesuvian. In the year 1810, Mr. Swedenstierna

gave a specimen of it to the Chevalier Lobo da Silvicra, at

that time Portuguese Ambassador at Stockholm, pointing out

the difference between it and vesuvian, and requesting Lobo
to subject it to a chemical analysis. Lobo published a new
description and analysis of it in the third volume of the

Afhandlingar (p. 276). He gave it the name of Gahnite.

But Berzelius, who had assigned that name to the automolite

of Ekeberg, thought proper to distinguish this new mineral

by the name of Loboite. j; I shall however employ here

the original appellation of Lobo, as the term automolite

seems pretty generally adopted by mineralogists for the Fah-

lun mineral.

The colour ofgahnite is dark olive-green with a slight shade

of brown. The specimens which I have seen were all amor-

phous ; but Murray describes it as occurring in long confused

prisms without any regular termination. These prisms are

channelled longitudinally. Their fracture in the direction of

the prism is foliated, and has a resinous lustre ; the cross frac-

ture is splintery, and has less lustre.

According to Lobo the cross fracture of gahnite is small

granular uneven, sometimes passing into the small conchoidal;

the longitudinal fracture is foliated. The external lustre is

splendent; the internal shining, and the lustre is intermediate

between vitreous and resinous. Fragments indeterminate, not

particularly sharp angular. Translucent when in thin frag-

ments. Easily frangible and brittle. Specific gravity, ac-

cording to Murray, 3-393, according to Lobo 3' 51-32 1. Be-

fore the blow-pipe on platinum it melts into a yellowish-brown

porous glass. On charcoal it fuses into an opaque bottlc-

» Afhandlingar, ii. 173 ;
iii. 270.

t Ibid. iv. 117.

t Ibid. ii. 173.
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green glass; with borax into a light sea-green transparent cbap.

glass. Its constituents were found as follows :

# T
fKl'm-

. . . O 1 DJ
1 ""•Q'7 1 I'd

. . . 1 / O

o . . 2-78 . . . . 2-52

. . 6*75 . . . . 5 25

Oxide of manganese .

,

. . 0-31 .

, . 0-25 . . . . 0*36

. . . 0-72

100-00 100 00

Sp. 5. Grossularia. X

This mineral occurs in a pale greenish claystonc near the

river Wilni in Siberia, and has been separated from the gar-

net, chiefly on account of its chemical composition.

It is always crystallized either in the garnet dodecahedron

or the common figure of the leucitc. Its colour is asparagus-

green approaching to mountain-green. The faces of the

crystals arc smooth, which characterises the species. Lustre

shining, resinous. Fracture small conchoidal. Strongly

translucent. Hard. Rather easily frangible. Specific gra-

vity 3 - 372. § Its composition is as follows:

Silica 44-0

Lime 33*5

Alumina 8*5

Oxide of iron 12*0

Oxide of manganese . . Trace

Loss 20

100 0
||

Sp. 6. Mvlamte.**

Black darnel.

This mineral, which has hitherto been found chiefly at

Frescati and St. Albano, near Rome, in the Pyrenees, and at

Torneo in Lapland, was long confounded with garnet. It

was first accurately distinguished by Werner.
Its colour is velvet-black, sometimes inclining to greyish-

• Murray. f Lobo. 1 Hoft'mann, i. 479.

§ Klaproth.
||

Klaprotli, Beitrage, iv. 319.
*• Broclmnt, i. 191. Holl'mann, i.488.
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Book in. black

.

It is usually in complete crystals. They consist

of rhpmboidal dodecahedrons. Surface smooth. Lustre

shining. Fracture imperfect flat conchoidal. Fragments
sharp-edged. Opaque. Hard. Easily frangible. Specific

gravity 3-730.* Its constituents are as follows :

t -

Silica 35

Lime 32

Alumina 6'4 . ,

Oxide of iron 25'5 .

.

Oxide of manganese . .Trace .

.

Loss 1*1

t

35'5

32-5

6-0

24-25

0*40

1-35

§

34

33

6-4

25-5

1-1

100-0 100-00 100-0

Sp. 7. Allochroite.\\

This mineral has been hitherto found only in Virum's iron

mine at Drammen in Norway. It was first described and

named by D'Andrada.

Colours greenish and yellowish-grey. Massive. Internal

lustre "-listening and resinous, internal glimmering. Fracture

sometimes small-grained uneven, sometimes even, passing into

flat conchoidal. Fragments rather blunt-edged. Translucent

on the edges. Gives sparks with steel, but does not scratch

quartz. Rather easily frangible. Specific gravity 3-575. In-

fusible before the blow-pipe per se, or with borax ; with phos-

phate of soda melts into an enamel, at first reddish-yellow,

then becoming greenish, and at last black. Its constituents

are as follows

:

/ Silica 35 37

Lime 30'5 30

Alumina S .... 5

Oxide of iron 17 ....13*5

Carbonate of lime 6 .... —
Oxide of manganese .... 3'5 .... 6*25

Loss — 3-25

100-0 10000

* Klaprotli, Geblen's Jour. Second Scries, v. 203.

f VauqueliH, Haiiy, ii. 543. X Klnproth, Beitrage, v. 168.

§ Kissinger, AfhaUdllDgar, ii. 153. The specimen was from Torneo.

||
Hoffmann, UfllS. ** Vauquelm,

ft Hose, Karsten's Mineral. Tabellen, p. 33.
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Sp. 8. Colophonite.*

This mineral has been hitherto observed only in the neigh- chap. u.

bom hood of Arend.il, in a bed of magnetic iron stone. It has
v

«!

a great many points of resemblance to the common garnet.

Its usual colour is yellowish brown, sometimes reddish

brown, and sometimes honey-yellow. It is commonly amor-

phous, but sometimes crystallized in four-sided prisms, similar to

the shape of vesuvian, but the sides of the crystal are smooth.

The lustre is sometimes shininir when the fracture is foliated,

sometimes glistening when the fracture is small-grained un-

even. The amorphous masses consist of angular, distinct

ConcretionIj of various sizes, which are easily separated from

each other. It is translucent, and sometimes nearly transpa-

rent. Hard. Very easily frangible. Specific gravity 2*525.+

Before the blow-pipe it fuses very easily into a black coloured

bead. With borax it melts into a yellowish jdass. Its con-

stituents, according to the analysis of Simon, are as follows:

Silica 37

Alumina 1 3*5

Magnesia 6*5

Lime 29
Oxide of iron 7*5

Oxide of manganese 4*75

Oxide of titanium 0-5

Water 10

99-75

Sp. 9. Hclvlne.X

This mineral was first noticed by Professor Mohs, and con-
sidered by him as an undescribed mineral connected with
common garnet. Werner afterwards described it, gave it the
name of helvine (from b>.io:) on account of its colour; and a
description of it was soon after published by Freicsleben.§
It occurs in the mine called Brother's Lorenz in the vicinity

of Schwartzenberg, in the Saxon Erzgebirg.
Its colour is wax or oil yellow. It occurs in crystals, the

• Hoffmann, ii. 373. Simon, Gehlen's Jour, iv. 405, Second Series,

t Simon.

} Hoffmann, iv. 2. 1 12. Hculand, Annals of Philosophy, xii. 453.
Geogn. Arbeiten, v. 12G.
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Book nr. figure of which is the tetrahedron, usually with truncatedU~v—^' edges. Often no crystalline form can be distinguished.

The fracture is fine-grained, uneven. The crystallized

specimens exhibit a distinct foliated fracture. This at least is

the case in a specimen for which I am indebted to the kind

liberality of Henry Heuland, Esq. of London. The lustre is

shining and sometimes splendent. Opaque; rather softer

than quartz; brittle. Specific gravity from 3'2 to 3'3.# It

becomes electric by friction, and seems to acquire both kinds

of electricity. When heated before the blow-pipe the edges

of the specimen melt with great difficult}', but the whole

cannot be brought into a state of fusion. We are not yet in

possession of a chemical analysis of this mineral.

Sp. 10. Garnet.

\

crystals. This mineral occurs abundantly in primitive mountains. It

is usually crystallized. The primitive form of its crystals is a

dodecahedron, whose sides are rhombs, with angles of

78° 31' 44", and 120° 28' 16". The inclination of the

rhombs to each other is 1 20°. This dodecahedron may be

considered as a four-sided prism, terminated by four-sided

pyramids. J It is divisible into four parallelopipeds, whose

sides are rhombs; and each of these may be divided into four

tetrahedrons, whose sides are isosceles triangles, equal and

similar to either of the halves into which the rhomboidal faces

of the dodecahedron are divided by their shorter diagonal.

The integrant molecules of garnet are similar tetrahcdrons.§

Sometimes the edges of the dodecahedrons are wanting, and

small faces in their place ; and sometimes garnet is crystallized

in polyhedrons, having 24 trapezoidal faces. For a descrip-

tion and figure of these, and other varieties of garnet, the

reader is referred to Rome de Lisle and Haiiy.
||

Werner divides this species into two subspecies; namely,

the precious and common garnet. They are distinguished from

each other by colour, lustre, fracture, distinct concretions,

transparency, and specific gravity.

* Breithaupt, Hoffmann, iv. 2. 113.

+ Kinvan, i. 258. Gerhard, Disquisitio Physico-chymica Granatorum,

&c. Pasumot, Jour, de Pliys. iii. 442. Wiegleb, Ann. de Chim. i. 231.

Brochanr, i. 105. Haiiy, 340. Hoffmann, i. 491.

X Rome' de Lisle, ii. 322]; and Haiiy, Ann. de Cbim. xvii. 305.

§ Haiiy, ibid. 30G.

||
Haiiy, Ann. de Cbim. xvii. 306.
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Subsp. 1. Precious Garnet.

This is supposed by some to be the carbuncle of the ancients. chaP- »•

It is employed in jewellery. ^^V-"

Colour dark red. Hence the name of the mineral, from its

supposed resemblance to the flower of the pomegranate. Passes

from columbine-red to cherry and brown-red. Commonly
crystallized, and the crystals are always complete: sometimes

in round grains. External lustre glistening; internal shining,

vitreous. Fracture perfect conchoidal, sometimes inclining

to coarse-grained uneven. Fragments sharp-edged. Some-

times in lamellar distinct concretions. Transparent; some-

times only translucent. Scratches quartz. Brittle. Not
particularly easily frangible. Specific gravity from 4-085 * to

4'352.t
Subsp. 2. Common Garnet.

Colour, various shades of brown anil green: namely, liver,

yellowish and reddish-brown
;

olive, pistachio, blackish, and

leek-green; Isabella-yellow; blood-red; greenish-black. Dif-

ferent colours often appear in the same mass. Massive, but

never in grains or angular pieces; sometimes crystallized.

Surface of the crystals diagonally streaked. External lustre

ahining; internal glistening, between resinous and vitreous.

Fracture fine-grained uneven. Fragments not sharp-edged.

In small-grained distinct concretions. Translucent; black

varieties nearly opaque. Rather easily frangible. Specific

gravity from 3-664 f t° 3*7574 Melts before the blow-pipe

more easily than the first subspecies.

The constituents of this mineral are as follows:

Precious. Cotnmou.

§ II

**

. . 39-66

. . 1 9-66

Lime
•

1

Oxide of iron
. . 39-68

Oxide of manganese . . 0-25 . .
— .. 180

100 102 10080
• Klnproth. + Karsten. % Werner.

§ Klaproth, Beitrage, ii. 26.
j]

Vauquclin, Haiiy, ii. 542.
Hisinger, Afhandlingar, iv. 385. The specimen was a Tahitin garnet,

•f the specific gravity 4-2.
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Sp. 11. Aplome.

Book nr. This mineral is found in Siberia, on the banks of the river
V

v ' Lena. I have seen specimens also from New Holland, which
bore a considerable resemblance to it. As it differs from gar-

net both in the primitive figure of its crystals, and in its spe-

cific gravity, I do not see how we can refuse it a particular

place in the mineral system.

Its colour is similar to that of the violet varieties of axinite,

and its lustre nearly the same. It is crystallized in rhom-
boidal dodecahedrons, having strice parallel to the small dia-

gonals of the rhombs, which indicates a cube for its primitive

form. It is hard enough to strike fire with steel, and to scratch

quartz. Fracture sometimes small conchoidal. Most com-
monly opaque; sometimes translucent and having an orange-

colour. Specific gravity 3'4444. Its constituents, according

to the analysis of Laugier are as follows

:

Silica 40

Alumina 20

Lime 14*5

Oxide of iron 14

Oxide of manganese 2

Mixture of silica and iron 2

Loss by calculation 2

Loss 5'

5

100*
Sp. 12. Granatiie.f

Staurolide of Haiiy

—

Pierre de Croix of de Lisle

—

Slaiirolithe of Lametherie, and Werner.

Granatite is found in Galicia in Spain, Britanny in France,

cijstafc. and at St. Gothard. It is always crystallized in a very pecu-

liar form ; two six-sided prisms intersect each other, either at

right-angles or obliquely. Hence the name cross-stone, by

which it was known in France and Spain.J Mr. Haiiy has

proved, in a very ingenious manner, that the primitive form

of the granatite is a rectangular prism, whose bases are rhombs,

with angles of 1 29^° and 50,l°
; and that the height of the

prism is to the greater diagonal of the rhomb as one to six

;

* Ann. tic Chim. lxxii. 110.

f Brochant, ii. 490. Haiiy, iii. 93. Hoffmann, i. 515.

X Home de Lisle, ii. 435.
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and that its integrant molecules are triangular prisms, similar chap, ir.

to what would be obtained by cutting the primitive crystal in

two, by a plane passing vertically through the shorter diago-

nal of the rhomboidal base. From this structure he has de-

monstrated the law of the formation of the cruciform varieties.*

Colour dark reddish-brown. Surface sometimes smooth,

sometimes uneven. Internal lustre glistening; between vitre-

ous and resinous. Fracture between small-grained uneven,

and imperfect conchoidal. Often opaque; sometimes trans-

lucent. Scratches quartz feebly. Brittle. Easily frangible.

Specific gravity 3*287. Infusible before the blow-pipe. Its

constituents are as follows:

t tit
Silica S3 . . 30*6 . . 37\5 . . 27

Alumina 44 .. 47*0 .. 41*0 .. 52*25

Lime 3'84 . . 3*0 . . — . . —
Magnesia — . . — . . 0*5 . .

—
Oxide of iron 13 .. 15'3 .. 18*25 .. 18*50

Oxide of manganese . . 1 . . — . . 0 5 . . 0*25

Loss 5'1G.. 4*1 .. 2*25 .. 2*

100*00 100*0 10000 100*00

Sp. 13. Pyrope.§

This mineral, which is found in Bohemia, and was formerly

distinguished by the name of Bohemian garnet, has been se-

parated from the garnet by Werner, and made a distinct spe-

cies. It is never found crystallized, but only in round or an-

gular fragments, usually small.

Colour dark blood-red, which, when held between the eye

and the light, inclines strongly to yellow. Lustre splendent,

vitreous. Fracture perfect conchoidal. Fragments sharp-

edged. Transparent. Scratches quartz. Specific gravity

3-718.11

Its constituents are as follows:

* Ann. de Cliim. vi. 142.

f Vauquelin, Ann. de Chitn. xxx. 106.

X Klaproth, Beitrage, v. 80.

S Hoffmann, i. 521.

|| Klaproth.
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Book in. Silica 40
V

'_'"'^~^ Alumina , 28*5

Lime 3-5

Magnesia 10-0

Oxide of iron 16-5

Oxide of manganese 0*25

Loss 1-25

100-00*

Professor Pfaff has given us an analysis and short descrip-

tion of a mineral from Greenland, distinguished by the name
of scaly pyrope (schaaliger pyrop). Its colour is a lighter red,

and its lustre is not adamantine, but common. It is composed
of scaly distinct concretions. Its specific gravity is 3*634. Its

constituents are as follows

:

Silica 41*82

Oxide of iron 32*42

Alumina 17*82

Magnesia 4*90

Oxide of manganese .... 3*12

Lime 0*80

100*88f

We see that these minerals agree in the nature of their con-

stituents though they differ materially in the proportions.

Sp. 14. Eudyalite.%

This mineral was detected by Gieseke in Greenland, at

Kangerluarzuk, in the same bed from which the sodalite was

procured. It has many properties in common with the gar-

nets, and in particular has a strong resemblance to the scaly

pyrope of Greenland. Like the garnet it crystallizes in rhom-

boidal dodecahedrons. Its colour is similar to that of scaly

pyrope. But it gelatinizes in acids with as great facility as

the mesotype or apophyllite, and small fractures appear in

it when held in the flame of a sph'it lamp. Its specific gravity

is 2*90355. Stromeyer has given it the name of eudyalile

from the case with which it dissolves in acids. Its constitu-

ents are as follows

:

» Klaproth, Beitrnge, ii. 31.

t Schweigger's Jour. xxi. 236.

X Stromeyer, Gilbert's Annalen, lxiii. 379.
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Silica 52-4783 cmp . x.

Zirconia 10-8968
'

Lime 101407

Soda 13-9248

Oxide of iron 6-8.563

Oxide of manganese . . 2*5747

Muriatic acid 1*0343

Water, or volatile matter 18010

99-7069

This mineral is remarkable as constituting the second species

in which zirconia has been found.

Sp. 15. Cinnamon Stone.*

This mineral, which is found in the sand of the rivers in

Ceylon, was first distinguished as a particular species by

Werner. It received its name from the Dutch.

Colour hyacinth-red, passing on the one hand into blood-

red, on the other into orange-yellow. Always in roundish

pieces. Kxternal lustre glistening, internal splendent and

vitreous. Fracture imperfect flat conchoidal. Fragments

angular and very sharp-edged. Transparent and semitrans-

parent. Scratches quartz with difficulty. Brittle. Rather

difficultly frangible. Specific gravity 3-530+ to S'6\0%.

Melts before the blow -pipe into a brownish-black enamel.

Its constituents are as follows

:

Silica 38 80

Alumina LT20
Lime ... 31 '25

Oxide of iron 6 50

Loss 2 25

ioo-oo§

The essential ingredients of the minerals of this family ap-

pear to be silica, alumina, lime, magnesia, oxide of iron, and
potash. Four of them seem to contain only three ingredients,

the other eight contain four. I think it probable that the

nature of each species may be represented by the following

symbols. The letters used in these symbols arc the initials of
the Latin names of the ingredients, the figures denote the

• Hoffmann, i. 417. f Klaproth.

J M"n »- S Klaproth, Beitrage, v. 138.

VOL. III. U
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• number of atoms present. Those figures which occupy the

place of coefficients indicate the atoms of the compound, those

which occupy the place of indices indicate the atoms of the

ingredient to which they are attached.

P S + 3 A S
C -r A S 1

A s H-/S
2 A S +/A

Gahnite A s + C S + jl/

Cinnamon stone . . A s + CS + -^/

A s + C S + ±f
A s + CS+/
A s- + fS a

- + 2 C S*

A s + 2/S + 3 C S

A s + 2/S + 8CS
I think it probable that gahnite, cinnamon stone, and ve-

suvian are only varieties of the same species, and that alloch-

roite is nothing more than a variety of melanite. It is diffi-

cult to form a correct notion of the constitution of eudyalite.

It must be acknowledged that the symbols given above do not

exactly accord with the analyses. It would be too much to

expect the analyses hitherto made, considering the manifold

defects under which they labour, to accord exactly with the

atomic theory. A new set of analyses would be necessary,

performed upon the best selected specimens and with the most

scrupulous attention to precision.

VII. OUARTZ FAMILY.

This family contains thirteen species, several of which, on

account of the numerous varieties which they present, are

farther subdivided into subspecies. The names ofthe species are

quartz, iron Jlinl, horn stone, flinty slate, Jiint, chalcedony, he-

liotrope, siliceous stalactite, hyalite, opal, allophanite, menilite,

jasper. Many of them are of importance; yet as they never

occur crystallized, the method of discriminating minerals

adopted by Hauy fails when applied to them.

Sp. 1. Quartz.*

This is one of the most abundant of all the mineral species,

occurring in great quantities in almost every situation. It

• Kirvvan, i. 341. Ilaiiy, ii. 40G. Brochaat, i. 239. Hoftmiuin, u\ 1. 1.
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occurs massive, in rolled pieces, and crystallized. The primi- ^chap-

tive form of its crystals, according to Mr. Haiiy, is a rhomboidal *

parallelopiped; the angles of whose rhombs are 94° 24' and

85° 36'; so that it does not differ much from a cube.* The

most common variety is a dodecahedron, composed of two six-

sided pyramids, applied base to base, whose sides are isosceles

triangles, having the angle at the vertex 40°, and each of the

angles at the base 70°: the inclination of a side of one pyra-

mid to the contiguous side of the other pyramid is 104°.

There is often a six-sided prism interposed between the two

pyramids, the sides of which always correspond with those of

the pyramids.f For a description and figure of the other va-

rieties of quartz crystals, and for a demonstration of the law

which they have followed in crystallizing, we refer the reader

to Rome de Lisle J and Mr. Haiiy.

§

Fracture conchoidal or splintery. Its lustre varies from

shining to glimmering, anil its transparency from transparent

to translucent on the edges; and in some cases it is opaque.

It causes a double refraction. Hani. Specific gravity from

2'64 to 2-67, and in one variety 2-691. To facilitate the de-

scription of this complicated specie. W erner has subdivided it

into six subspecies j a subdivision attended with several ad-

vantages.

Subsp. 1. Amethyst.

It occurs massive and in rolled pieces, but most frequently

crystallized. The crystals are six-sided pyramids, always in

druses. Colour violet blue; passing on the one hand to plum

blue, clove brown, brownish black; on the other, to pearl

and ash grey, greyish white, greenish white, olive green, and,

in some rare cases, pistachio green. In the massive varieties

several colours appear together in stripes. Lustre splendent

;

vitreous, Fracture perfect conchoidal; sometimes passes into

imperfect conchoidal, uneven, and coarse splintery. Frag-

ments sharp-edged. The massive varieties composed of thick,

prismatic distinct concretions, often shooting into crystals at

their extremities. Transparency from transparent to trans-

• Haiiy. Mr. Phillips found them 94° 24' and 85° 3G'; Annals of Phi-

losophy, vii. 136.

+ Chrystallog. ii. 71. J Ibid.

§ Mem. Par. 1786, p. 78; and Mineralogie, ii. 407. See also Lame-
therie, Jour, dc Phys. xlii. 470.

U 2
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Book nr. lucent. Brittle. Easily frangible. Specific gravity 2-750.

Found in veins and in the hollow cavities of aerates.

Werner distinguishes the common amethyst, above de-

scribed, from a variety which, from its fracture, he calls thick

fibrous amethyst. This last occurs only massive and in rolled

pieces. Internal lustre shining, vitreous. Principal fracture

thick fibrous; cross fracture imperfect conchoidal. Usually

translucent.

Subsp. 2. Rock Crystal.

It occurs in rolled pieces, and very often crystallized in all

the variety of form belonging to the species in general. Most
common colours white and brown. From snow white passes

into greyish, yellowish, and reddish white; from greyish white

to pearl grey; from yellowish white to ochre yellow, wine

yellow, yellowish brown, clove brown, brownish black; from

yellowish brown to orange yellow and hyacinth red.

External lustre of the crystals splendent, of the rolled pieces

glistening; internal lustre splendent, vitreous. Fracture per-

fect conchoidal, sometimes flat conchoidal; and in some va-

rieties a concealed foliated fracture may be recognized. Frag-

ments very sharp-edged. Occurs very rarely in granular and

prismatic distinct concretions. Transparent. Easily fran-

gible. Specific gravity 2*654'.*

Subsp. 3. Milk Quartz.

Occurs only massive. Colour sometimes milk white; more

commonly rose red. The rose red sometimes passes into

crimson red, reddish white, pearl grey, and milk white. In-

ternal lustre splendent, vitreous, inclining to resinous. Frac-

ture perfect conchoidal. Fragments sharp-edged. Sometimes

appears composed of thick lamellar distinct concretions. Semi-

transparent. Constitutes beds in primitive mountains. Spe-

cific gravity 2*670.

Subsp. 4. Common Quartz.

Occurs massive, in grains, and rolled pieces; in various

particular shapes, and crystallized. Colour various shades of

white, grey, brown, yellow, green, and red. External lus-

tre of the crystals shining; of the rolled pieces glimmering:

* Brisson.
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internal lustre shining, vitreous. Fracture coarse and fine chap. ir.

splintery, and imperfect conchoidal. Some specimens show
V

v*"~/

a parallel fibrous fracture. Fragments pretty sharp-edged.

Sometimes in prismatic, and also in granular distinct concre-

tions. Translucent. Rather easily frangible. Specific gra-

vity 2-6404. to 2-6546.

Subsp. .5. Prase.

Usually massive; sometimes crystallized. Colour leek green.

Lustre glistening; between resinous and vitreous. Fracture

coarse splintery. Fragments sharp-edged. When massive it

is composed of cuneiform, thick, prismatic, distinct concre-

tions. Surface of the concretions rough and transversely

streaked. Translucent. Hard. Rather tough. Specific

gravity 2*677.*

This subspecies is considered as consisting of an intimate

mixture of quartz and actinolitc.

Subsp. 6. Cat's eye.f

This mineral comes from Ceylon, and is seldom seen by
European mineralogists till it lias been polished by the lapi-

dary. Mr. Klaproth has described a specimen which he re-

ceived in its natural state from Mr. Greville of London. Its

figure was nearly square, with sharp edges, a rough surface,

and a good deal of brilliancy.

Colours yellowish, greenish, and ash grey: Isabella yellow;

yellowish, reddish, and hair brown ; mountain and olive green;

greyish black. Internal lustre shining, between resinous and
vitreous. Fracture small imperfect conehoiilal. Fragments
more or less sharp-edged. Translucent. Sometimes presents

the appearance of slender white fibres almost opaque, which
gives it the appearance called chatoyant by jewellers. Hard.
Easily frangible. Specific gravitv from 'J-6'25 to 2*660.

These minerals consist essentially of pure silica, but they

are usually contaminated with small quantities of foreign mat-
ter to which they owe their distinguishing properties. The
following table exhibits the result of the analyses of them
hitherto made.

* Karsttn.

t Hoffmann, ii. 1. 185.
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Amethyst.
Rqck

crystal. Quartz. Prase. Cat's eye.

# t t t t
•V

+

Oxide of iron .

.

Oxide of man-
ganese

T „„„

97-5

0-25

0-5

0-25

1 5

99-37

•63

Trace

—

97-75
•50

1-00

75

98-5
•5

1-0

95
1-75

1 O

0-25

1- 5

94- 5

2 0
1 b

0- 25

1-75

100-00 100-00 10000 100-00 |ioo-oo
f

100 00

Sp. 2. Iron-flint.

§

This mineral occurs in veins of iron-stone, and is supposed

to be an intimate mixture of quartz and iron-ochre.

Commonly massive ; sometimes crystallized in small six-

sided prisms, acuminated at each extremity by three planes.

Colour yellowish brown; sometimes between blood red and

brownish red. External lustre shining; internal glistening;

nearly vitreous. Fracture imperfect small conchoidal. Frag-

ments not very sharp-edged. In small grained distinct con-

cretions. Opaque. Hard. Rather tough. Specific gravity

from 2*576 to 2*746. It is infusible before the blow-pipe

without addition. Its constituents are as follows

:

II II II

.. 92

> . • " •

.
21-50 .. .. 5 .. .. 5-75

Oxide of manganese .

.

• • — , . . 1

,V 1 ;w l . 1

. , 1-25 .
0*5 . . . 0-25

100-00 100-00 100-00

* Rose, Karsten's tabellen, p._25.

f Bucholz, Gelilcn's Journal, Second Series, vi. 147.

| Klaprotli, Beitragc, i. 94 and 90".

§ HorVmann, ii. 1. CO.

||
Bucholz, Gelilcn's Journal, Second Series, vi. 153. The first specimen

was red, the second yellow, the third brown.
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Sp. 3. Hornstone.'*— Chert,

This mineral occurs sometimes massive, sometimes in round cbap.n.

balls. Fracture splintery and conchoidal. Lustre 0. Trans-

lucent. Hard, but scratched by quartz. Specific gravity

2*536 to 2*653. Colour usually grey.

Werner subdivides this species into three subspecies, dis-

tinguished chiefly by the fracture and texture.

Subsp. 1. Splintery Hornstone.

This mineral is found in veins in limestone, and forms also

the basis of a rock called liornstone porphyry.

Colour bluish grey, greenish grey, yellowish grey, smoke

and pearl grey; flesh red, brownish red; mountain and olive

green. Fracture fine splintery. Internal lustre 0. Frag-

ments sharp-edged. Sometime*, though seldom, it occurs in

distinct concretions, which are lamelhir and concentric.

Translucent on the edges. Hard. Brittle. Tough. Infu-

sible without addition before the blow-pipe.

Subsp. 2. CaRckoidal Hornstone.

This mineral occurs in beds, and also in veins. Colour

greyish and yellowish white, greenish and pearl grey, flesh

and cherry red, mountain green. Sometimes spotted and

striped. Always massive. Internal lustre scarcely glistening.

Fracture perfect conchoid. il. Fragments pretty sharp-edged.

Never in distinct concretions. Translucent on the edges.

Hard. Easily frangible.

Subsp. 3. Wbodstum,

This mineral is found insulated in sandy loam ; it appear*

to be wood converted into hornstone by petrifaction. Colour
ash-grey, yellowish-grey, pearl-grey

;
flesh-red, blood-red,

brownish-red; ochre yellow. Usually several colours appear

together. Shape conformable to its former woody state. Ex-
ternal surface rough. Internal lustre 0. Cross fracture im-

perfect conchoidal
; longitudinal splintery and fibrous. Frag-

ments not sharp-edged. Translucent on the edges. Rather
softer than splintery hornstone. Easily frangible.

• Kirwan's Min. i. 303. Daumcr, Jour de Pliys. ii. 154, and Monnet,
Iljid. 33. ^ irgleb, Crell's Annals, 1780, p. 46 and 135. Jour, de Phys.
liii. 239. Brochant, i. 25. Hoffman, ii. 1.6*.
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Th is mineral seems to be very nearly connected with com-
pact felspar. Indeed all the specimens which I have seen may
be either referred to quartz or to felspar.

Sp. 4. Flinty-slate*

This mineral occurs in beds and amorphous masses, chiefly

in the transition mountains. Colour various shades of grey.

Structure slaty. Usually opaque. Sometimes translucent on
the edges ; rather softer than quartz. Hard. Brittle. Spe-

cific gravity from 2*596 to 2-644. Infusible per se. This spe-

cies is divided into two subspecies.

Subsp. 1. Common Flinty-Slate.

Colour ash-grey, bluish-grey, pearl-grey, and cherry-red,

approaching blood-red. Often spotted. Often traversed by

veins of quartz. Internal lustre scarcely glimmering. Frac-

ture, when considered with respect to a considerable mass, or

in the great as it is termed, slaty ; in the small, between splin-

tery and even. Fragments sharp-edged. Sometimes occurs

in lamellar distinct concretions. Translucent on the edges.

Hard. Brittle. Tough.

Subsp. 2. Lydian Stone.

Colour greyish black passing into velvet black. Massive,

and in trapezoidal rolled pieces. Often traversed by quartz

veins. External surface smooth. Lustre glistening ; internal

lustre glimmering. Fracture even. Fragments sharp-edged:

sometimes approach the cubical fown. Opaque. Hard. Easily

frangible.

This, or a stone similar to it, was used by the ancients as a

touchstone. 'fhey drew the metal to be examined along the

stone, and judged of its purity by the colour o the metallic

streak. On this account they called it fiacavo$, " the trier."

They called it also Lydian stone; because, as Theophrastus

informs us, it was found most abundantly in the river Tmolus

in Lydia.f
Sp. 5. Flint.%

Pyromachus—Pierre a fusil.

This mineral, which has become so necessary in modern

* Kirwan, i. 305. Brocliant, i. 282. Hoffmann, ii. 1. 75.

+ Hill's Theophrastus, *ipt Xiflu*, p. 190.

X Kirwans Min. i. 301. Brocliant, i. 263. Ilaiiy, ii. 427. Hoffmann,

ii. 1. 83. Dolomieu, Jour, de Min. No. xxxiii. 693, and Salivet, ibid. 713.

These last gentlemen give an account of the method of making gun-flints.
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war, is found in pieces of different sizes, and usually of a figure ™»p- »•

more or less globular, commonly among chalk, and often ar-

ranged in some kind of order.

Colour grey, of various shades ; namely, ash, yellowish and

smoke-grey; greyish-black; ochre-yellow; yellowish-brown,

reddish-brown ; sometimes it approaches blood-red. Some-

times striped. Occurs massive, in grains and plates, and in

various particular shapes. Internal lustre glimmering. Frac-

ture perfect conchoidal. Fragments very sharp-edged; some-

times tabular. Sometimes, though rarely, it occurs in lamel-

lar distinct concretions. Translucent. Rather harder than

quartz. Very easily frangible. Specific gravity 2*581 to

2*630. Infusible before the blow-pipe.

The manufacture of gun-flints is chiefly confined to England
and two or three departments in France. The operation is

exceedingly simple : a good workman will make 1000 Hints in

a day. The whole art consists in striking the stone repeatedly

with a kind of mallet, and bringing off at each stroke a splin-

ter, sharp at one end and thicker at the other. These splin-

ters are afterwards shaped at pleasure, by laying the line at

which it is wished they should break, upon a sharp iron in-

strument, and then giving it repeatedly small blows with a

mallet. During the whole operation the workman holds the

stone in his left hand, or merely supports it on his knee.* The
constituents of flint are as follows:

t
Silica 98*00

Alumina 0*25

Oxide of iron . . 0*82

Water 1*50

Loss

\

97

1

1 race

100*00 100

Sp. 6. C<i/cctloni/.§

This mineral is found abundantly in many countries, parti-
larly in Iceland and the Faro islands. It is most commonlv
mrphous, stalactical, or in rounded masses ; but it occurs

• Jour, de Min. No. xxxiii. 702. f Klaproth, Beitrage, i. 46.
X Vauquelin, Jour, do Min. No. xxxiii. 702.

h Brochant, i. 268. Kirwan, i. 298. Haiiy, ii. 425. Hoffmann, ii. 1. 108.
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Book nr. also in pseudo crystals. Surface rough. Fracture even orv^v^/

conchoidal. Lustre, external, glimmering; internal, glisten-
ing. Somewhat transparent. Hardness nearly the same as
that of quartz. Brittle. Infusible before the blow-pipe with-
out addition.

It is subdivided into four subspecies ; viz. common calcedony
y

chrysoprase, plasma, and carndian, distinguished chiefly by the
colour, fracture, and lustre.

Subsp. 1. Common Calcedony.

Colour grey, of various kinds
;
namely, smoke, bluish, pearl,

greenish, and yellowish-grey : the bluish grey passes into milk

white and smalt blue : the greenish-grey into a colour between

grass and apple-green : the yellowish-grey into honey, wax,

and ochre-yellow; yellowish-brown and blackish-brown: this

last, when the mineral is held between the eye and the light,

appears blood red. Internal lustre nearly dull. Fracture

even, sometimes passing into fine splintery; also into uneven,

approaching the flat conchoidal. Fragments sharp^edged.

Generally in reniform, lamellar, concentric, distinct concre-

tions. Semitransparent. Rather harder than flint. Brittle.

Tough. Specific gravity from 2*583 to 2 -664.

Subsp. 2. Chrysoprase.

This mineral, which has been hitherto found only near Ko-
semiitz in Silesia, is always amorphous. Fracture even, some-

times inclining to the splintery. Scarcely any lustre. Trans-

lucent. Scarcely so hard as calcedony. Specific gravity 2 -60S.

Colour apple green. Rather tough. In a heat of 130° Wedge-
wood it whitens and becomes opaque.

Subsp. 3. Plasma.

Hitherto this mineral has been found only among the ruins

of Rome. Colour between crass and leek green ; often marked

with yellow dots and white spots. Found in angular frag-

ments; often encrusted with an earthy matter. Internal lustre

glistening. Fracture perfect fiat conchoidal. Fragments very

sharp-edged. Translucent. Hardness equal to that of chal-

cedony. Brittle. Tough. Specific gravity 2553.

Subsp. 4. Carndian.

Colour blood-red; passes into flesh-red, reddish-white,

milk-white, yellow, reddish-brown. External surface rough
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and uneven. Lustre glistening. Fracture perfect conchoidal.
v

chaP-

Fragments very sharp- edged. Very seldom in distinct con-

cretions. Semitransparent. Specific gravity 2*594? to 2*630.

The constituents of these minerals are as follows:

C.ilccdiiny. Clirysoprase. Plasma. Carnclian.

* T t §

Silica 99 96'16 96*75 94*00

Alumina — 0*08 0*25 3*50

Lime — .... 0'83 .... ....

Oxide of iron — .... 0*08 .... 0*50 0*75

Oxide of nickel ... . — •••• 1"00 .... — ....

"Water — .... — .... 2*50 ...» —~

Logs 1 •••• 1 "85 «... — .... 1 'la

100 100*00 100*00 100*00

Both flint and calcedony consist essentially of silica. Flint

appears to contain a little water; but it is difficult to under-

stand what occasions the specific difference between rock crys-

tal and calcedony.

Sp. 7. IIdiotrope.\\

This mineral, which is found in various parts of Asia and

Europe, nearly in the same situation as calcedony, is supposed

by some to be an intimate combination of calcedony with

green earth.

Colour between grass and leck-green, often stained or striped

olive, yellow, red. Found massive, and in angular pieces.

Lustre, internal, glistening, resinous. Fracture imperfect large

conchoidal. Translucent on the ed«res. Rather softer than

calcedony. Specific gravity from 2*6 14 to 2*633. Easily fran-

gible. Infusible before the bloW-pipc. Its constituents are as

follows

:

Silica 84-0

Alumina 7*5

Oxide of iron 5'0

Loss 3*5

100*0

• Trommsdorf, Crell's Annalen, 1800, i. 10a. The specimen had a blue

colour, and was from Siberia.

t Klaprotb, Beitrage, ii. 133. I Ibid. iv. 326.

§ Uindheim, Schriften d«rr Berliner Gesellschaft, ii. 245. As quoted by
Karsten in bis Tabellen, p. 25.

||
Kirwan, i. 314. Brochant, i. 270. Hoffmann, ii. 1. 105.

** Trommsdorf, Karsten's Tabellen, p. 39.
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Book IW- Sp. 8. Siliceous stalactite.

This species includes several siliceous concretions which oc-

cur in different parts of the world, and has been divided into

3 subspecies.

Subsp. 1. Common.

Colours various shades of grey, as greyish-white, smoke-
grey, and yellowish-grey, with light-red, and hair-brown spots

and stripes. Usually stalactitical. External lustre dull, in-

ternal sometimes dull, sometimes glistening and pearly. Frac-

ture small conchoidal, coarse grained uneven, or promiscuous

fibrous. Translucent on the edges. Semi-hard. Brittle.

Specific gravity 1-807. Hitherto it has been found only at

the Geyzer springs in Iceland, where it is deposited from the

water.

Subsp. 2. Opaline.

It occurs at the Geyzer springs along with the first sub-spe-

cies. Yellowish and milk-white, with brownish, blackish, or

bluish spots. Fracture imperfect conchoidal. Lustre glisten-

ing. Fragments angular and sharp-edged. Translucent on
the edges. Semihard'. Brittle. Easily frangible. Adheres

to the tongue.

Subsp. 3. Pearlsinter.

Found on the surface of withered granite, in the Island of

Ischia, and considered as volcanic.

Colours milk-white, yellowish-white, greyish-white. Usually

stalactitical. Lustre sometimes shining, sometimes dull. Frac-

ture small grained uneven. Fragments angular, but not sharp-

edged. In concentric lamellar distinct concretions. Translu-

cent, at least on the edges. Scratches glass, but softer than

ouartz. Brittle. Easily frangible. Specific gravitv 1-917.

From a statement published by Dr. Clarke, or Camoridge,

it appears that this mineral was discovered by Professor Santi,

of Pisa, and called by him amiatiti. Dr. William Thomson,

of Naples, happening to see specimens of it in the possession

of Santi, and having been informed by him of the place where

it was found, published an account of it under the name of

fiorite, and claimed the discovery as his own.*

The constituents of these minerals as far as they have been

examined are as follows :

,
» Annals of Pliilobophy, xii. 1G3.
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Common.
#

Silica 98-0

Alumina 1'5

Lime —
Oxide of iron .... 0*5

100-0 100

Sp. 9. Hyalile.%

This mineral occurs in wacke in reniform masses. At first

sight it strikes the eye as not unlike gum. The masses are

usually very much cracked. Colour yellowish or greyish white.

Lustre, shining, vitreous. Fracture small flat conchoidal.

Fragments sharp-edged. Translucent. Softer than quartz.

Brittle. Very easily frangible. Specific gravity 2*1 50. § In-

fusible at 150° Wedgewood, but yields to soda.§

Sp. 10. Opal.\\

This mineral is found in many parts of Europe, especially

in Hungary, in the Crapacks near the village of Czcnnizka.

When first dug out of the earth it is soft, but it hardens and

diminishes in bulk by exposure to the air.

The opal is always amorphous. Its fracture is conchoidal.

Commonly somewhat transparent. Hardness varies consider-

ably. Specific gravity from 1*958 to 2189. The lowncss of

its specific gravity, in some cases, is to be ascribed to accidental

cavities which the stone contains. These arc sometimes filled

with drops of water. Some specimens of opal have the pro-

perty of emitting various coloured rays, with a particular efful-

gency, when placed between the eye and the light. The opals

which possess this property arc distinguished by lapidaries by

the epithet oriental, and often by mineralogists by the epithet

nobilis. This property rendered the stone much esteemed by

the ancients. Opals acquire it by exposure to the sun. Wer-
ner has divided this species into four subspecies.

* Klaproth, Beit rage, i. 112.

t Santi, as (juoted by l'faff, Crell's Annallen 1796, ii. 591.

J Kirwan,i. 296. Brochant, i. 271. Hoffmann, ii. 1. 131.

§ Kopp, Gehlen's Jour. Second Series, viii. 179.

|| Kirwan's Min. i. 2139. Hatiy, Jour, de Hist. Nat. ii. 9. Delius, Jour,

de Pbys. xliv. 45. Brochant, i. 341. Haiiy, ii. 434. Hoffmann, ii. 1. 134.

Pearlainter.

t
...94.

. . . 2

. . . 4
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Book in. Subsp. 1. Precious Opal.

This mineral is found in Upper Hungary, and said to be
disseminated in clay porphyry. Occurs massive, in plates and
small veins. Colours milk and yellowish-white; but between

the eye and the light they pass into pale rose-red and wine-

yellow. Exhibits a beautiful play of colours. Internal lustre,

splendent, vitreous. Fracture perfect conchoidal. Fragments
sharp-edged. Translucent. Semihard. Brittle. Very easily

frangible. Specific gravity 2*1 14. Does not melt before the

blow-pipe. When heated it becomes opaque, and sometimes is

decomposed by the action of the atmosphere. Hence it seems

to follow, that water enters essentially into its composition.

Subsp. 2. Common Opal.

This mineral occurs in many parts of the world, especially

in Iceland, the Faro Isles, Ireland, and Germany. Sometimes

it is in veins, sometimes disseminated, and most frequently in

porphyry.

Principal colour white of various shades
;
namely, greyish,

greenish, yellowish, and milk-white : from greenish-white it

passes into apple-green ; from yellowish into honey and wax-

yellow: sometimes intermediate between flesh and tile-red.

The white varieties, when held between the eye and the light,

appear wine-yellow. Internal lustre, splendent, vitreous.

Fracture perfect conchoidal. Fragments sharp-edged. Semi-

transparent. Semihard. Brittle. Very easily frangible. Spe-

cific gravity from 1*958 to 2-120.

Specimens of this variety sometimes occur with rifts : these

readily imbibe water, and therefore adhere to the tongue. Some

opals gradually become opaque, but recover their transparency

when soaked in water by imbibing that fluid. They are then

called kydrophanes, or oculi mundi.

Subsp. 3. Semi Opal,

This mineral, which has been arranged with pitch-stone, is

very common in different parts of the world, occurring in an-

gular pieces and veins in porphyry and amygdaloid.

Common colours white and grey ;
namely, yellowish, green-

ish, and milk-white ;
yellowish, greenish, and ash-grey, and

greyish-black ;
leek, apple, and olive-green ;

honey and wax-

yellow, yellowish-brown ; chesnut and hair-brown. Sometimes

several colours appear together in spots and clouds. Colours

usually muddy. Occurs massive, and in various particular
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pWin Lustre glistening. Fracture imperfect large flat con- chip. n.

choidal. Fragments sharp-edged. Harder than common opal.

Very brittle. Easily frangible. Specific gravity 2187.* In-

fusible before the blow-pipe.

Subsp. 4. Ifood Opal.

This mineral, which occurs near Schcmnitz, and at Telko-

banya in Hungary, consists of wood penetrated with opal. It

occurs in pieces which have the shape of branches and other

parts of trees. Colour greyish and yellowish-white; some-

times ochre-yellow; from greyish-white it passes into ash-grey

and greyish-black. Internal lustre glistening. Fracture more

or less perfect conchoidal, showing the ligneous texture. Frag-

ments sharp-edged. Translucent. Harder than opal. Easily

frangible. Specific gravity 2*189.

These two species are so intimately connected that it would

perhaps be better to unite them. They appear to consist es-

sentially of hydrate of silica. The following table exhibits

the best analysis of them hitherto made.

Hjalitr.
Pr" io"

1 Common.
Opal.

Fire Opal. Semi Opil.

t I § II

## +t

Oxide of iron .

.

Carbon

92
Trace

633

90

10

935

1

5

92

0-25

7'75

82-75

3-50

0-25

300

10-00

85
3

1-75

1

8
0-33

0921-67 0*5 05

100 100 100 100 jioo 100-00

Sp. 11. Allophanile.il

This mineral, which occurs in a limestone bed much im-

pregnated with iron, in a greywacke mountain, in the forest of

• Karsten.

t Bucholz, Gehlen's Journal, Second Series, viii. 177.

J Klaproth, Beitrage, ii. 152. S Ibid. 161.

|| Ibid. iv. 159. — Stucke.

tt Klaproth, Beitrage, ». 39. The specimen was from Mahren. Colour
. greyish-black. Sp. gr. 'J-0'20.

t X Hoffmann, iy. 2. 180.
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Thuringia, was first noticed in 1809, by M. Riemann, from
whom it got the name of riemannite. Professor Stromeyer
gave it the name of allophanite (a\\o<pavr,$) in consequence of
the great resemblance which it bears to the native carbonate
of copper.

Its principal colour is blue, though it occurs also green and
brown. It has never been found in crystals. Lustre shining
or glistening—kind of lustre vitreous. Fracture small imper-
fect conchoidal. Fragments sharp-edged. Transparent, ex-

cept the brown varieties which are only translucent on the

edges. Semihard. Brittle. Very easily frangible. Specific

gravity from 1-852 to 1'889.#

In acids it gelatinizes and dissolves almost completely. Its

constituents, according to the analysis of Stromeyer, are as

follows

:

Water 41*301

Silica 21-922

Alumina 32-202

Lime 0*730

Sulphate of lime 0*517

Carbonate of copper .... 3*058

Hydrate of iron 0*270

100*000

Sp. 12. Menilite.f

This mineral, which occurs in adhesive slate at Menil Mon-
tagne near Paris, was first made known to mineralogists in

1 790. It is found in tuberose masses, with a smooth ribbed

surface, sometimes covered with a white crust. Colour ches-

nut brown, J externally marked with stripes of reddish brown

and pearl grey alternating with each other. Internal lustre

glistening. Cross fracture perfect flat conchoidal
;

longitu-

dinal coarse splintery. Fragments sharp-edged. In flattened

longish granular distinct concretions; the surface of which

has no lustre, and is sometimes covered with a white crust.

Translucent on the edges. Scratches glass. Brittle. Easily

frangible. Specific gravity 2*185.§

Its constituents are as follows :

* Stromeyer. f Klaprotli, Beitrage, ii. 165. Hoffmann, ii. 1. 156.

X There is a variety of a yellowish grey colour found at Argenteuil, near

Paris. Its'specific gravity is 2 375.

(j Klaprotli.
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Silica 85-5 «*p

Alumina l'O

Lime 0*5

Oxide of iron 0 5

Water 11*0

Loss I'B

100-0*

Sp. IS. Jasper.f

This mineral is an ingredient in the composition of many

mountains. It occurs usually in large amorphous masses, con-

stituting beds and veins, sometimes in rounded or angular

pieces. Either opaque, or translucent on the edges. Rather

softer than quartz. Specific gravity from 2*0 to 8*7.J Its co-

lours are various. When heated it does not decrepitate.

Werner subdivides this species into seven subspecies ; some

of which are again subdivided into different kinds, for the con-

venience of description.

Subsp. 1. Egyptian Jasper.

This mineral has been hitherto found only in Egypt, and in

one or two places in Germany. It occurs in rolled pieces,

mostly spherical, with a rough surface. Werner, from its co-

lour, divides it into two kinds.

I. Brown Egyptian Jasper. Found in Egypt in a breccia,

of which the greater part of that country is composed. Colour

chesnut-brown; sometimes yellowish-brown, cream-yellow, and

yellowish-grey. The central part of this mineral has a yel-

lowish-grey colour; the exterior part a yellowish-brown and

chesnut-vellow. The brown colour forms concentric delinea-

tions, between which the mineral is spotted with black. Lustre

glistening. Fracture perfect conchoidal. Fragments sharp-

edged. Translucent on the edges. Easily frangible. Specific

gravity from 2'56t to 2'624. Sometimes passes into flint.

II. Red Egyptian Jasper. Found in a bed of red clay iron-

• Klnproth, Beitrage, ii. 169.

t Kirwan's Mineral, i. 309. Borral, Hist. Natur de Corse. Henkel, Act.

Acad. Nat. Curios, v. 339. Brochant, i. 332. Hoffmann, ii. 1. 161.

t The light kinds belong to opal jasper, and probably owe their lightness

to cavidei.

VOL. III. X
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Book in. stone in the electorate of Baden. Colour between blood and
V

v
' scarlet-red ; on the surface often ochre-yellow, also smoke and
bluish-grey ; colours form ring-shaped delineations. Internal

lustre glistening to dull. Fracture large conchoidal. Frag-
' ments sharp-edged. Usually opaque. Hard. Specific gra-

vity 2-632.

Subsp. 2. Striped Jasper.

This mineral occurs in beds, and even constitutes hills.

Always massive. Colours pearl, greenish, and yellowish-grey;

cream and straw-yellow; mountain and leek-green, and green-

ish-grey; cherry, brownish, and flesh-red; plum-blue. Se-

veral colours always appear together in stripes. Hence the

name of the mineral. Internal lustre dull. Fracture pretty

perfect conchoidal, approaching to fine earthy. Fragments

pretty sharp-edged. Translucent on the edges. Sometimes

opaque. Pretty hard. Brittle. Rather easily frangible. Spe-

cific gravity 2"537.

Subsp. 3. Porcelain Jasper.

This mineral is supposed to have been originally a slate-

clay, hardened by the combustion of subterraneous coal-mines.

It occurs in whole beds in situations favourable to this opinion.

Usually massive and in angular pieces; frequently rent. Co-

lours smoke, bluish, yellowish, and pearl-grey
; lilac and la-

vender-blue; brick-red; straw and ochre-yellow; greyish-

black and ash-grey. Generally of only one colour, but often

marked with dots and clouds. Often presents brick-red vege-

table impressions, especially the blue varieties. Internal lustre

glimmering ; sometimes shining. Fracture imperfect large flat

conchoidal. Fragments sharp-edged. Opaque. Hard. Very

brittle. Easily frangible. Specific gravity 2 431 to 2'646.

Subsp. 4. Common Jasper.

This mineral, which is very common, occurs in veins in pri-

mitive mountains. Most commonly massive. Colours yel-

lowish, liver, and blackish-brown ;
ochre-yellow; blood-red;

rarely scarlet and cochineal-red ; brownish-red ; brownish-

black. Sometimes several colours appear together in the same

mineral. Internal lustre glistening; between vitreous and re-

sinous. Fracture more or less perfect conchoidal, passing into

even and earthy. Fragments more or less sharp-edged. Usually
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opaque. Sometimes translucent on the edges. Pretty hard. chap. u.

Brittle. Easily frangible. Specific gravity 2-298 to '2-665.
'—^~

Subsp. 5. Jasper Agate.

This mineral occurs in agate balls in amygdaloid. Always

massive. Colours yellowish-white, cream and straw-yellow,

reddish-white and flesh- red. The colours are distributed in

rings and stripes. Lustre dull. Fracture small flat conchoidal.

Fragments scarcely sharp-edged. Usually opaque. Pretty

hard. Often adheres to the tongue.

Subsp. 6. Opal Jasper.

This mineral occurs in nests in porphyry, in Hungary and

Siberia. Massive. Colours scarlet, brick, blood, and brown-

ish-red ;
blackish-brown, approaching sometimes to liver-

brown and ochre-yellow. Colours sometimes in spots and

veins. Internal lustre shining, approaching splendent; be-

tween vitreous and resinous. Fracture complete flattish con-

choidal. Fragments very sharp-edged. Usually opaque.

Sometimes translucent on the edges. Brittle. Easily fran-

gible. This subspecies connects jasper with opal. Specific

gravity 1-863 to f-081.

Subsp. 7. Basalt Jasper*

This subspecies was first noticed and described by Mr.
Freiesleben. It occurs in Saxony, in the Kabcnbergc, near

Johan-Georgenstadt. It is found also in Bohemia, Hanover,
Thuringia, and other parts of Germany. It has likewise re-

ceived the uame of basaltic hornstone.

Its principal colour is lavender blue ; but it occurs likewise

pearl, bluish, greenish and yellowish grey ; and even yellowish

ami liver brown. Usually several of these colours appear to-

gether in stripes. Internal lustre glistening and glimmering.
Kind of lustre resinous, approaching vitreous. Fracture small

conchoidal and uneven. Fragments sharp-edged. Opaque.
Moderately hard. Specific gravity 2*41 according to Dr. Zim-
merinann.

Before the blow-pipe it melts with difficulty, with efferves-

cence into a black shining bead. Its constituents are as fol-

lows :

• Hoffmann, iv. 2. 156.

x 2
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Book nr. Potash 6*4
>""~v Lime 5-4,

Alumina 18*5

Silica 4.7-1

Oxide of iron 13-7

Sulphuric acid 1-2

Sulphuretted hydrogen ? .. TO
Carbonic acid ] 0

Water Trace

Oxide of manganese .... Trace

94-3*

VIII. PITCH-STONE FAMILY.

Sp. 1. Spherulite.\

This mineral was formerly confounded with pearlstone and

hornstone. It was observed about seven years ago by M.
Breithaupt, in the collection of M. Becker ; soon after Wer-
ner examined it, gave it its name, and introduced it into the

system. Geognostically considered it belongs to the pearlstone

and pitchstone porphyry mountains. It occurs imbedded in

pearlstone in the vicinity of Glasshiitte, near Schemnitz, and

in other places, particularly in Iceland, where it is imbedded

in pitchstone.

Its principal colours are brown and grey. It occurs reddish,

yellowish, and hair brown, likewise tile-red and bluish-grey.

It occurs in roundish balls or grains of all sizes, often aggre-

gated into kidney-form masses, of all sizes. Externally it is

sometimes rough ; and sometimes smooth, in which last case

it is covered with a milk-white incrustation. The internal

lustre varies from glimmering to dull. Fracture sometimes

uneven and splintery; sometimes fibrous. It is opaque, or at

most only translucent on the edges. Nearly of the same hard-

ness as quartz. Brittle. Easily frangible. Specific gravity

from 2 -40 to 2*52.—Before the blow-pipe it is infusible, except

the edges which undergo an incipient fusion.

Sp. 2. Obs'idian.%

This mineral occurs in nests in the pearl-stone of Hungary.

It is common in Iceland, Siberia, the Levant islands, and in

* Leopold Gmelin, Schweigger's Jour. xiv. 3.

+ Hoffmann, iv. 2. 151.

% Kirwan, i. 221. Brochant, i. 288. Haiiy, iv. 191. Hoffmann, ii. 1. 191.
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Soutli America. Found in angular pieces and roundish cbmP . a.

grains. Principal colour velvet-black; occurs also greyish,* v

brownish, and greenish-black; ash and smoke-grey; hair

and clove-brown. Often striped and spotted. Fracture

perfect coijcboidal. Its internal lustre splendent, vitreous.

Fragments sharp-edged. Transparent ; sometimes only trans-

lucent. Hard. Easily frangible. Specific gravity 2'348 to

2*432.* Melts into an opaque grey mass.

Sp. 3. Pilch-stone.f

This stone, which occurs in different parts of Germany,

France, and other countries, has obtained its name from some

resemblance which it has been supposed to have to pitch. It

occurs in beds in porphyry; and in beds and veins in the

newest floetz trap. Massive. Colours black, green, brown,

red, grey, of various shades. Fracture imperfect fiat large

conchoidal; sometimes approaches to splintery. Lustre from

shining to glimmering, between vitreous and resinous. Trans-

lucent. Hard. Brittle. Very easily frangible; it often

yields even to the nail of the finger. Specific gravity 2' 196

to 2-389. X Fusible. At 21° Wedgewood swells a little;

softened at 31°. The green variety from Arran becomes per-

fectly white and porous at 70°.

Sp. 4. Perrrl-slone. §

This mineral, which occurs in Tokay in Hungary, in

Kamschatka, and near Sandy Brae in Ireland, was first made
known to mineralogists under the name of vokunic zeolite.

Werner, when he introduced it into the system, gave it the

name of pturUstone. It is found in beds in porphyry, com-
monly vesicular, and the vesicles are round. Usual colour

grey ; sometimes black and red. The varieties of grey are

smoke, bluish, ash, yellowish, and pearl-grey; from ash-grey

it passes into greyish-black ; from pearl-grey into flesh and
brick-red, and reddish-brown. Lustre shining, pearly.

Fracture scarcely discernible
; appears to be small imperfect

conchoidal. Fragments blunt-edged. Occurs in large an-

gular-grained distinct concretions; these are composed of
small round-grained concretions; and these again of very thin

* Humboldt, Gehlen's Jour. v. 129.

t Kirwan, i. 292. Brocham, i. 353. Haiiy, iv. 386. Hoffmann, ii. J.

202.

I Hoffmann.
§ Klaprotb, iii. 326. Hoffmann, ii. J. 208.



310 SIMPLE MINERALS.

nook in. lamellar distinct concretions. Translucent on the edges. Not
v

brittle. Very easily frangible. Soft. Specific gravity 2-340.*

Sp. 5. Pumice.

f

This mineral occurs in great abundance in the Lipari

Islands ; it occurs also on the banks of the Rhine and in

Hungary. Usually in vesicular masses. Colours light yellowish-

grey and smoke-grey; sometimes ash-grey. Lustre in the

principal fracture glistening, pearly ; in the cross, vitreous.

Principal fracture parallel curved fibrous; cross fracture un-

even, and imperfect conchoidal. Fragments blunt-edged and

splintery. Translucent on the edges. Soft. Very brittle.

Easily frangible. Swims in water.

The following table exhibits the constituents of the pre-

ceding minerals, according to the most accurate analyses

hitherto made

:

Consti-

tuents.

Obsidian.
Pitch -

stone.
Pearl-stone Pumice.

X S S II

* * + + XX hS

Alumina .

.

72-0

12-5

2-0

10

3-5

72
14-2

1-2

3

3-3

6-3

71
13-4

1-6

4-0

5

5

18

10

1

2

1'6

6

1-4

73
14-5

1-0

1-0

0- 1

1-75
8-50

015

75-25

1200
0-50
1- 60

4-50

4-50
1-65

77

13

2

2
0- 7

4
1-3

77-50

17 50

1-75

3 00

0-25

Iron oxide
Mang. ox. .

Potash )

Soda.. "J
Water

100 0 100*0 1000 100-0 100-00 10000 1000 100-00

From these analyses, it appears that all the species arc com-

posed very nearly of the same ingredients; namely, about six

parts of silica, one of alumina, and a portion of fixed alkali.

IX. ZEOLITE FAMILY.

Oolite fa- This family contains twelve species; namely, karpMHe,

m* prehnite, natrolite, mesolite, skolezite, stilbilc, apophyllitc, anal-

cime, chabasite, cross-stone, lomonite, dipyre.

• Klaproth. t Hoffmann, ii. 1. 213.

J Descotils, Gehlen's Jour. v. 122. § Drappier, ibid.

||
Vauquelin, ibid. p. 230. '* Klaproth, Beitrage, ui. 265.

ft Klaproth, Beitrage, iii. 331.

1 1 Vauquelin, Gehleu's Jour. v. 230.

§§ Klaproth, Bcitcagc, iii. 265.
,

B
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Sp. I. Karpholite.*

This mineral was introduced into the system by Werner in ci»p. n.

1816, and named karpholite from the great resemblance of v""~v
—

'

its colour to that of straw. It occurs at Schlackenwald in

Bohemia. Breithaupt has published a description of it,

which is transcribed by Professor Steinmann in his paper on

the constituents of this mineral. I am indebted to the libe-

rality of Mr. Heuland of London, for a specimen of this rare

mineral.

The colour is of a strong straw-yellow
; sometimes, though

rarely, it approaches wax-yellow. The lustre is glistening,

and the kind of lustre is pearly. It always consists of minute

fibres usually diverging from a point ; so that it has the ap-

pearance of tufts, and the fracture may be considered as

splintery or wedge-shaped. It consists of angular distinct

concretions of different sizes, each consisting of a system of

very minute crystals diverging from a centre. Opaque. The
hardness cannot easily be determined in consequence of the

minute size of the fibres, and the ease with which they may
be separated from each other. But Steinmann found that the

mineral could be reduced to powder with facility in a calce-

dony mortar. Specific gravity, according to Breithaupt,

2'935; according to Steinmann 2*923.

Before the blow-pipe, urged with oxygen gas, it fuses to a

brown opaque enamel. With carl>onate of soda it melts into

a green enamel. Muriatic acid has scarcely any action on it.

The constituents of this mineral, according to the analysis of

Steinmann, are as follows:

Silica 37-53

Alumina 26'48

Protoxide of manganese . . 1 7*09

Protoxide of iron 5 64
Water 11*36

Loss 1-90

100*00

M. Steinmann considers it as 10 AS+ 3mS -f
%
/S I +

8 A q.

* Steinmann; Schweigger's Jour, xxv. 413.
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Sp. 2. Prehnite*

Book in. Though this stone had been mentioned by Sage,f Rome
V*~~v de Lisle,^ and other mineralogists, Werner was the first who

properly distinguished it from other minerals, and made it a

distinct species. The specimen which he examined was

brought from the Cape of Good Hope by Colonel Prehn

;

hence the name prehnite, by which he distinguished it. It

was found near Dunbarton by Mr. Grotche
; § and since that

time it has been observed in other parts of Scotland.

It has been divided into two kinds, namely, foliated and

fibrous prehnite, which in reality constitute two distinct species.

1st Kind, Foliated Prehnite.

This is the kind of prehnite that was first brought from the

Cape by Prehn, and which was constituted a species by

Werner in 1783. It is rather a scarce mineral; but occurs

in considerable quantities in Dauphine, in the department of

the Isere at Oisano, near Balme d'Aunis. It occurs likewise

in some other parts of the Alps, and in the Tyrol, usually in

veins in granite or hornblende rocks, associated with other

minerals.

Its principal colour is apple-green ; sometimes it is greenish-

white, grass-green, mountain-green, leek-green, and greenish-

grey. According to Mohs it is found likewise yellowish-white

and yellowish-grey.

It occurs massive, and very often crystallized. The primi-

tive form is a rectangular rhomboidal prism. Sometimes they

are irregular six-sided plates, and sometimes flat rhomboidal

parallelepipeds. Lustre shining, pearly. The principal

fracture is curve foliated ; but the cleavage can be traced only

in one direction. The cross fracture is fine grained uneven.

It occurs in distinct concretions of various sizes. It is com-

monly translucent; sometimes transparent. Sufficiently hard

to scratch glass. Specific gravity from 2*609 to 2*696.
||

Before the blow-pipe it froths and fuses into a slag of a

light-green colour. When heated it becomes electric. It

does not gelatinize with acids. Its constituents are as follows

:

* Kirwan, i. 274. Hassenfratz, Jour, de Phys. xxxii. 81. Sage, ibid,

xxxiv. 446. Klaproth, Beob. der Berlin, 2 Band. 211 ; and Ann. de Chim.

j. 201. Haiiy, iii. 167- Brochant, i. 295. Hoffmann, ii. 1. 220.

t Miner, i. 282. % Crystall. ii. 275. § Ann. de Chim. i. 213. \\
Haiiy.
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* + Chip. II.

Silica 43-80 .... 50'0 '—v-
Alumina 30'33 20*4

Lime.. 18-33 23'3

Magnesia — .... 0'5

Oxide of iron 5"66 4*9

Water 1-16 0*9

Loss 0-72 —
10000 100-0

2d Kind, Fibrous Prehnite.

This mineral, unlike the last, seems to be confined to floetz

rocks, and occurs commonly in basalt or amygdaloid. It is

very common in the neighbourhood of Glasgow. It occurs

also in the rocks round Edinburgh, and in diilercnt places in

Airshirc, &c.

It occurs of various shades ofgreen, as siskin, oil, and aspara-

gus; likewise greenish-yellow. It is sometimes crystallized in

acicular four-sided rectangular prisms ; but more frequently

in spherical or kidney-form concretions, consisting of slender

needles diverging from a centre. Lustre glistening, pearly.

Fracture fibrous. Fragments sharp-edged. Translucent.

Rather harder than the foliated kind. Specific gravity from

2-899 % to 2*901. §

It becomes electric by heat and fuses before the blow-pipe

like the foliated prehnite.

The constituents of this mineral, according to the best ana-

lyses hitherto made, are as follou-

.

II
** ## ft

Silica +2-5 . . 42-875 . . 43 00 . . 43-60

Alumina 28*5 . . 21 -.300 .. 28*80 . . 23'00

Lime 18'4 .. 26'500 .. 26*00 .. 22'33

Magnesia — . . Trace . . Trace . . —
Oxide of iron 3*0 . . 3 000 . . 2'00 . . 2'00

Oxide of manganese — . . 0-250 . . 0*25 . . —
Potash and soda . . . 0*75 . . — . . — . . —
Water 2'00 . . 4*625 . . 4 00 . . 6*40

Loss 4-85 .. 1-250 .. 1 50 .. 2 67

100-00 100 000 100-00 100-00
* Klaproth, Ann. de Cliim. i. 208. t Hassenfratz, ibid.

X Hauy-
§ By my trial.

II Laugier, Ann.de Chim.lxxv. 78. ** Gelhen,Schweigger's Jour. iii. 182.
ft By my analysis

; Annals of Philosophy, xiv. 66.
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Fibrous prehnite differs from foliated in its specific gravity
and hardness, which are greater, and in its fracture. It appears,
also to contain more water. Its constitution is probably
A/S + CS2

.

Sp. 3. Mesotype*

This mineral was first noticed by Cronstedt, who described

it in the Stockholm Transactions for 17.56, and gave it the

name of zeolite ; but it is to Werner and Haiiy that we are

indebted for the exact discrimination of its different varieties.

It is found massive, globular, and crystallized. The pri-

mitive form of its crystals, according to Haiiy, is a rectan-

gular prism, whose bases are squares. The most common va-

riety is a long four-sided prism, terminated by low four-sided

pyramids.f

Colour yellowish, greyish, reddish, and snow-white. Ex-
ternal lustre shining, pearly ; internal glistening, pearly. Frac-

ture narrow and broad radiated. Fragments sometimes

wedge-shaped. In large longish distinct concretions. Trans-

lucent, sometimes semitransparent. Occasions double re-

fraction. Scratches calcareous spar. Brittle. Easily fran-

gible. Absorbs water. Specific gravity 2-0833 % to 2*198. §

When heated it becomes electric like the tourmaline.
||

Be-

fore the blow-pipe it froths,** emits a phosphorescent light,

and melts into a white semitransparent enamel, too soft to cut

glass, and soluble in acids. In acids it dissolves slowly and

partially without effervescence; and at last, unless the quan-

tity of liquid be too great, it is converted into a jelly.

The mineral, called needle stone, found in Iceland, Britanny,

and in Scotland, is a variety of mesotype. Common colour

yellowish-white. Occurs massive and crystallized in rectan-

gular four-sided acicular prisms, flatly acuminated by four

planes set on the lateral faces. Crystals sometimes scopiform

aggregated, sometimes intersect each other. They are longi-

tudinally streaked. External lustre shining, bordering on

splendent; internal glistening, vitreous. Principal fracture

imperfect narrow straight radiated ; cross fracture uneven and

* Kirwan, i. 278. Guettnrd, iv. 631. Bucquet, Mem. Sav. Etrang.

ix. 576. Pelletier, Jour, de Phys. xx. 4-^0. Haiiy, iii. 151. Brochaiit,

i. 298. Hoffmann, ii. 1. 235.

t Haiiy, Jour, de Min. No. xiv. 86. I Haiiy, iii. 151.

§ Hoffmann, ii. 1. 243.
||

Haiiy, Jour, de Min. No. xxviii. 276.

** Hence the name zeolite ; from fwu and Xi0o f .



STONES.

glassy. Composed of very thin columnar distinct concretions,

again aggregated into large angular concretions. Amorphous

specimens translucent, crystals transparent. Hard. Brittle.

I have given the preceding description of mesotype from

Werner and Haiiy; but I have no doubt that in fact three

species at least, and probably more, have been hitherto con-

founded under the name mesotype. The three at present

known are the following:

Sp. (1.) Natrolite*

This mineral, which was first described and analysed by

Klaproth, received its name from that chemist, on account of

the large proportion of soda which it contains. Hitherto it

has been found only in the mountains of Suabia, where it

borders on Switzerland, and at Burntisland in Scotland. Mr.

Smithson has shown that it is only a vuriety of the preceding

species.

Colours yellowish-white, cream-yellow, and light yellowish-

brown. These colours form stripes, which are curved in the

direction of the external surface. Massive and reniform.

Crystals, the same as those of mesotype. Surface drusy, being

covered with minute crystals, seemingly rhomboidal. Inter-

nal lustre glimmering. Fracture delicate fibrous. Occurs in

granular distinct concretions. Harder than staurolite. Trans-

lucent on the ctlges. Easily frangible. Before the blow-pipe

it melts easily into a transparent glass full of cavities. Specific

gravity 8*9801

Its constituents arc as follows :

Silica 48*00 49 48

Alumina 24'25 27 265
Oxide of iron 1*75 .... — .... —
Soda 16 50 17 16'2

Water 9- 95 93
Loss 0-5 — .... —

100-OOf 102-5J 1000§

* Hoffmann, ii. 1. 273.

f Smithson, Phil. Trans. 1811, p. 17 1.

t Vuuquelin, Jour, de Min. No. xliv. p. 576, a needle-eeolite from Ferro.

§ Gehlm and Fuch», Schweigger's Jour, xviii. 11.
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Sp. (2.) Mesolite*

Book m. This mineral has hitherto been confounded with the meso-
<>>rv^*/

type, both by Werner and Haiiy; but it was rightly separated

and made a distinct species on account of the marked dif-

ference in its composition ; and indeed in several of its cha-

racters. It is by no means a very abundant mineral. The
specimens examined by Gehlen and Fuchs came from Iceland

and the Faroe islands. It has been found likewise in Bohemia,

and in the Tyrol.

Colour white. It occurs crystallized in four-sided prisms,

terminated by a low four-sided pyramid, the faces of which

correspond with the faces of the prism. The inclinations of

the faces of the prism to each other are 91° 25' and 88° 35'.

The inclination of the faces of the pyramid, to those of the

prism, has not been determined ; but it seems to agree nearly

with that of natrolite. Specific gravity 2"333 (Freyssmuth)

2*263.f Its hardness, electric properties, and phenomena with

acids are almost exactly the same as in the next following

species. When heated to redness it loses about 12 per cent,

of its weight. The constituents of this mineral are as

follows

:

i

.. 44*6

.. 27*6

.. 7-1

.. 7'7

. , ,
12-2 . . .. 14-0

lOO'O 101-0

Sp. (3.) Skolezite.
\\

This mineral, like the last, is considered by Haiiy as be-

longing to mesotype, and by Werner as a variety of needle-

zeolite. It was made into a distinct species by Fuchs and

* Fuchs, Schweigger's Jour, xviii. 16, and Freyssmuth ; ibid. xxv. 426.

f Fuchs and Gehlen. They state it at 2 63 ; but I suppose a typogra-

phical error.

| Fuchs and Gehlen. The mean of four analyses, all very near each

other.

§ Freyssmuth. The mineral was from Bohemia, and seems to have

contained a little stilbite.

|| Fuchs and Gehlen, Schweigger's Jour, xviii. 13.
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Gehlen, because its composition differs from that of all the chn P . n.

other species of zeolite, and because it possesses peculiar pro-

perties. Hitherto it has been observed only in Iceland, the

Faroe islands, and Staffa.

Colour white. The crystals hitherto observed are six-sided

prisms, with angles of 91° 20' and 134° 20'. These prisms

are terminated by low four-sided pyramids, the angles of

which are 91° 20' and 88° 40'. The faces of the pyramids

and prism meet at angles of 1 16° 35". These crystals are all

very thin, and only crystallized at one extremity, It is hard

enough to scratch glass slightly. Specific gravity 2 - 214.

When heated it becomes very electric. When a crystal or

small piece of it is exposed to the outer flame of the blow-

pipe it becomes immediately opaque and twists up like a worm
(hence the name skolezite). If it be continued for some time

longer] in the outer flame, it melts into a very bulky and

shining froth, which, when exposed to the inner flame, loses

much of its bulk and forms a vesicular weakly translucent

bead. It dissolves readily in acids, and gelatinizes in them.

The constituents of this mineral are as follows :

Silica 46-5

Alumina 2.5*7

Lime 14*2

Water 13 6

100-0*

From the preceding account of these minerals, it is obvious

that the mesotype or needle-zeolite consists of at least three

species very well distinguished by their composition, though
their external characters have not yet been determined
with the requisite exactness. These may be distinguished

by the following names

:

Natrolite,

Mcsolite,

Skolezite.

They arc all silicates of alumina, combined with some other
silicate. In natrolite it is with silicate of soda, in skolezite

with silicate of lime, and in mesolite with a mixture of the
two. Their symbols are as follows

:

• Gehlen and Fuchs. The mean of several analyses. In some subse-
quent analyses they found traces of soda.
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Natrolitc, 3 A / S + Sod S3 + 2 A q.

Mesolite, 3 A I S + (J- Sod + £ C) S3 + 2 * A q.

Skolezite, 3 A I S + C S3 + 3 A q.

It is not impossible that the mesolite may be a mixture or

a chemical compound of natrolite and skolezite.

Sp. 6. Stilbite*

This species, which is the foliated zeolite of Werner, occurs

massive, globular, and crystallized. The primitive form of

its crystals is a rectangular prism, whose bases are rectangles.

It crystallizes sometimes in dodecahedrons, consisting of a

four-sided prism with hexagonal faces, terminated by four-

sided summits, whose faces are oblique parallelograms ; some-

times in six-sided prisms, two of whose solid angles are want-

ing, and a small triangular face in their place.

t

Colour yellowish or greyish-white ; and sometimes, though

seldom, snow and reddish-white. Beautiful flesh-coloured

specimens occur in Scotland. Internal lustre shining, pearly.

Fracture perfect foliated ; folia somewhat curved
;

cleavage

single. In granular, and sometimes, though rarely, in la-

mellar distinct concretions. Crystals transparent; massive

portions translucent. Hardness inferior to that of mesotype.

Brittle. Specific gravity from 2*132 to 2*200.1 Powder,

when exposed to the air, cakes and adheres as if it had ab-

soi'bed water. It causes syrup of violets to assume a green

colour. When heated in a porcelain crucible, it swells up

and assumes the colour and semitransparency of baked por-

celain. By this process it loses 0*185 of its weight. Before

the blow-pipe it froths like borax, and then melts into an

opaque white coloured enamel. § Does not gelatinize in acids.

Not electric by heat.

The fibrous zeolite of Werner is merely a variety of this

species. It is massive, in balls, and likewise in capillary crys-

tals. Colours snow-white, yellowish- white, greenish-white,

reddish-white; ochre-yellow; greenish-grey; flesh-red. In-

ternal lustre glimmering, pearly. Fracture fine fibrous;

sometimes splintery. Fragments wedge-shaped. In granular

distinct concretions. Translucent. Semihard. Easily frangible.

Hoffmann, ii. 1. 237. f Haiiy, Jour, de Min. No. xiv. 86.

X Hoffmann, ii. 1. 244.

§ Vnuquclin, Jour, de Min. No. xxxix. 164.
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The following table exhibits the composition of this species ch«P

according to the most accurate experiments hitherto made :

~~

* t t

Silica 55-615 58 52

Alumina 16-681 16'1 17*5

Lime 8-170 9*2 9

Soda 1-536

Water 19-300 16'+ 18*5

Loss — 0-3 3-0

101*302 100-0 100-0

Sp. 7. Apophylite. §

Ichthyophtkalmite.

This mineral occurs in Uton, in Sudermania, and in Green-

land, and at Fassa in the Tyrol. Colour yellowiv.li, reddish,

greyish, and greenish-white. Occurs massive and crystallized

in rhomboids which deviate very little from cubes, in rectan-

gular four-sided tables, having their edges truncated, and in

thick six-sided tables. External lustre of the crystals splen-

dent, and they arc distinguished by a characteristic lustre;

internal glistening, pearly. Principal fracture foliated, with

a single cleavage parallel to the lateral faces of the table; its

lustre splendent. Cross fracture fine grained uneven ; its

lustre glistening. Semi-transparent, sometimes translucent.

Semihard. Very easily frangible. Specific gravity 2-4-91 . Be-

fore the blow-pipe froths and melts into an op;i<jue bead.
||

The following table exhibits the constituents of this mineral

:

** tt XX §§

Silica 52 . . 51 . .
51 '8564 . . 51*8086

Lime 24*5 . . 28 . . 25*2235 . . 25*4885

Potash 8-1 .. 4 .. 52923 .. 55295
Water 15*0 ..17 .. 16-9054 .. 16*0438

Loss 0-4 ..— .. 0-7224 .. M296

100-0 100 100-0000 100-0000

• Gehlen, Schweigger's Journal, viii. 355.

t Hising«r, Afhandlingar, it. 357.

t Vauquelin, Jour, de Min. No. xxxix. 164-

§ HofTimuin, ii. 1. 357.
||
Fourcroy and Vauquelin.

"* Rose, Gehlen's Journal, v. 44.

ft Fourcroy and Vauquelin, Ann. de Mus. d'Hist. Nat. i. 472.

H Stromeyer. The specimen was from Iceland. Gilbert's Annalen,
lxiii. 375.

§§ Stromeyer, ibid. The specimen was from Fassa in the Tyrol.
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Book iii. The mineral to which Werner has given the name ofAlb'm
y

v ' is, as we are informed by Mr. Heuland, a variety of Apo-
phyllite.*

Sp. 9. Analcime.-\

Cubizite of Werner.

This stone, which was discovered by Mr.Dolomieu, is found

crystallized in the cavities of basalt and greenstone. It was
first made a distinct species by Mr. Haiiy. Mineralogists had
formerly confounded it with zeolite.

Crystals. The primitive form of its crystals is a cube. It is some-
times found crystallized in cubes, whose solid angles are want-

ing, and three small triangular faces in place of each ; some-

times in polyhedrons with twenty-four faces. External lustre

splendent, between pearly and vitreous: internal shining.

Fracture very imperfect foliated. Cleavage triple, parallel to

the sides of the cube. Fragments approaching to cubic. Has
a tendency to granular distinct concretions. Translucent.

Hard; scratches glass slightly. Specific gravity C2'2H.X
Colour white; sometimes red. When rubbed, it acquires

only a small degree of electricity, and with difficultly. § Be-

fore the blow-pipe it melts without frothing into a white semi-

transparent glass.
||

Its constituents are as follows :

** *#

. . 50

. . 20

... 2 .. .. 45
.. 4-5

8-5 .. .. 21*0

• •
"

100*0 ioo-o

Sp. 10. Chabasite.\\

This mineral, which was first separated from the preceding

species by Bosc d'Antic and Haiiy, is found at Oberstein in

Germany and in other places. It occurs usually in crystals.

The primitive form is a rhomboid differing very little from a

cube, having the angle at its summit 93£°. Sometimes it

occurs in that form ; at other times six of its edges are trun-

Annals of Philosophy, xii. 454.

+ Haiiy, iii. 180. Brochant, i.S09. % Vauquelin.

§ Hence the name analcimc given it by Haiiy, from avahxii, weak.

||
Haiiy, Jour, de Min. No. xiv. 80, and xxviii. 278.

** Vauquelin, Haiiy's tableau compar. p. 199.

ft Haiiy, iii. 176.—Brochant, i. o00.—Hoffmann, ii. 1. 257.

6
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catetl, and the truncatures unite, three and three, at the two chap. n.

opposite angles, while the other six angles are truncated:

somctimes in double six-sided pyramids applied base to base,

having the six angles at the base and the three acute edges of

each pyramid truncated. Colour white; sometimes transpa-

rent. Lustre shining, vitreous. Fracture imperfect foliated,

with only one cleavage. Specific gravity 2*7176.* Scratches

glass slightly. Melts before the blow-pipe into a white spongy

mass.

Its constituents are as follows

:

Silica 43-33

Alumina 22-66

Lime 3'34

Soda with potash 9 34

Water 21-00

Loss 0 33

100-OOf

Sp. 11. Crosi-stone.%

Andrcalite of Lametherie— Ihjacinthe blanche cruciforme,

var. 9. of Rome de Lisle

—

Harmotome of Haiiy.

This stone has been found at Andreasberg in the Hartz, and

at Strontian in Argyleshire, in veins. At Oberstcin it occurs

crystallized in agate balls. The form of its crystals has in-

duced mineralogists to give it the name of cross-tlnne. Its

crystals are two four-sided flattened prisms, terminated by

four-sided pyramids, intersecting each other at right angles:

the plane of intersection passing longitudinally through the

prisms. Sometimes these prisms occur solitary. Primitive

form an octahedron with isosceles triangular faces. The faces

of the crystals striated longitudinally.

Colour greyish white. Lustre shining, between pearly and

vitreous. Cross fracture uneven, sometimes small conchoidal;

longitudinal fracture foliated. Translucent. Scratches glass

easily. Easily frangible. Specific gravity 2* 333.^ When
heated slowly, it loses 0*15 or 0" 16 parts of its weight, and falls

into powder. It effervesces with borax and microcosmic salt,

* Haiiy. f Yauquelin, Ann. de Mus. d'Hist. Nat. ix. 333.

J Kirwan, i. 282. Haiiy, iii. 191. Brochant, i. 311. Hoffmann, iL 1.

261. See also Gillot, Jour, de Phys. 1793, p. 1 and 2.

§ Haiiy.

VOL. III. Y
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Book nr. and is reduced to a greenish opaque mass. With soda it melts
^^r^

in t0 a frothy white enamel. When its powder is thrown on a

hot coal, it emits a greenish yellow light.*

Its constituents arc as follows

:

t t
Silica 49 4*7*5

Alumina 16 .... 19*5

Barytes 18 .... 16

Water 15 13*5

Loss 2 3*5

100 lOO'O

Sp. 12. Lomonite.§

This mineral was named by Werner from Gillet Laumont,
who found it in 1785 in the mine of Huelgoet. Colour snow-

white, sometimes greyish or yellowish white. Massive. Some-
times crystallized. Primitive form a rectangular octahedron.

Fracture foliated ; surface of the folia streaked, which gives a

peculiar lustre to the surface of the mineral. Lustre shining,

pearly. Composed of longish granular distinct concretions.

Scarcely translucent. Very soft. Sectile. Easily frangible.

Rather light.

The mineral, while kept from the external air, preserves a

certain degree of cohesion ; but when exposed it soon splits

in the direction of the folia, and falls into small pieces. To
prevent this it is usually coated over with gum or varnish.

Sp. 13. Dipyre.\\

Schmelzstein of Werner.

This mineral has been found at Mauleon in the Pyrenees,

imbedded either in fascicular masses or in small prisms in a

rock of steatite. Colour reddish or greyish white. Longitudinal

fracture foliated, and the folia are parallel to the plane of the

regular hexahedron. Lustre, shining, glassy. Transparent.

Hard; scratches glass. Easily frangible. Specific gravity

2-630.** Melts and froths before the blow-pipe. Phospho-

resces slightly on hot coals.

* Haiiy, Jour, dc Min. No. xxviii. '280.

+ Klaproth, Beitrnge, ii. 83.

J Tassaert, Haiiy's Tableau Comparatif, p. 201.

§ Haiiy, iv. 410. Hoffmann, ii. 1. 267.

||
Brochant, ii. 508. Haiiy, iii. 242. Hoffmann, ii. 1. 2?0.

*« Haiiy.
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The constituents of this mineral are as follows :
c^p- "

Silica 60

Alumina 24?

Lime 10

Water 2

Loss 4-

100*

X. AZURE-STONK FAMILY.

This family contains three species; namely, lazulitejiauyne, j^""
1,1 T

blue spar.

Sp. 1. Lazuliie.f

Lapis Lazuli of Mineralogists. Lasurstein of Werner.

This stone, which is found chiefly in the northern parts of

Asia, was long known to mineralogists by the name of lapis

lazuli.

Colour azure blue. Some varieties pass into bcrlin blue,

and others into smalt blue. Found massive, disseminated, and

in rolled pieces. Lustre glistening. Fracture fine-grained

uneven. Slightly tranlucent on the edges Scratches glass.

Brittle. Easily frangible. Specific gravity 2*76 to 2-945.+

It retains its colour at 100° Wcdgcwood ; in a higher heat

it intumesces, and melts into a yellowish black mass. With
acids it effervesces a little; and if previously calcined, forms

with them a jelly. Margrafl' published an analysis of lazulite

in the Berlin Memoirs for 1758. His analysis has since been

confirmed by Klaproth. Lcrmina has announced that this

mineral has been found crystallized in garnet dodecahedrons.^

Its constituents, according to the analysis of Klaproth, are

as follows

:

Silica 4-6-0

Lime 28'0

Alumina |4lS
Oxide of iron 3 -0

Sulphate of lime 6'5

Water 2 0

100-OH
• Vauquelin, Ilaiiy, iii. 243.

f Kirwan, i. 283. Ilaiiy, iii. 145. Brochant, i. 313. Hoffmann, ii.

1. 276.

X Brisson. § Ann. de Chim. i. 144.

|| Btiirage, i. 190. The lime was in the state of carbonate.

Y 2
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There is reason to suspect from this analysis that the mine-

ral is not a chemical compound, or at least that it is mixed
with foreign matter.

Sp. 2. Hauyne*

Lalialite of Haiiy.

This mineral has been hitherto found only in four places,

all of which are considered as volcanic; namely, the neigh-

bourhood of Rome, Naples, Andernach, and Auvergne. It

was first observed near Rome by Gismondi, who gave it the

name of latialile. Neergaard afterwards described it and gave

it the name of hauyne, in honour of the Abbe Haiiy to whom
mineralogy lies under so many obligations. It was afterwards

described and analysed by Leopold Gmelin.

f

Colour prussian blue, passing into beryl blue, through sky

blue. Imbedded in lava' in angular grains. Gmelin found

one specimen crystallized in an imperfect octahedron. Inter-

nal lustre shining and vitreous. Fracture sometimes foliated

with 5 cleavages, sometimes imperfect conchoidal. Fragments

sharp edged. Semitransparent and translucent. Scratches

glass and even apatite, but softer than felspar. Eisily fran-

gible. Powder whitish. Specific gravity according to Gis-

mondi 3*333, according to Neergaard 3-100, according to

Gmelin 2*833. Before the blow-pipe it melts with difficulty

into an opaque bead, full of air bubbles. With borax it melts

into a transparent topaz coloured bead. In muriatic acid it

becomes opaque and loses its colour. When thrown into that

acid in the state of powder it emits the odour of sulphuretted

hydrogen and gelatinizes. Its constituents are as follows:

$ §

Silica 35-48 30"0

Alumina 1S-87 15'0

Lime 11*79 13'5

Sulphuric acid 12 -60 .... 12

Oxide of iron 1*16 .... 1

Potash ,
15'45 11

Water 1*2 —
Sulphuretted hydrogen and loss . . 3'45 .... Trace

Loss — • • • •
17*5

100-00 100-0

* Hoffmann, iv. 2. 204. t Annals of Philosophy, iv. 19S.

J Gme'in, Annals of Philosophy, iv. 198.

§ Vauquclin, Ilaiiy's Tableau Comparatif.
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Sp. 3. Blue spar*

This mineral occurs in a mountain in Stirin, where it per- a«p

forms the part of felspar; the rock being composed chiefly of *

quartz and mica. Its colour is azure blue, passing into bluish

white. Internal lustre glistening, resinous. Fracture splin-

tery, passing into concealed foliated. Fragments indeterminate,

not sharp-edged. Translucent on the edges. Streak snow

white. Semihard. Specific gravity 3-0i6.t Before the

blow-pipe it becomes isabella-yellow, and splits, but does not

melt. With phosphate of soda or borax it gradually melts

into a transparent glass bead. Its constituents are

Alumina 71

Silica 14

Magnesia 5

Lime 3

Iron oxide 0'75

Potash 0-25

Water f>

Loss 1

1 00-00 \

XI. Felspar Family.

This family contains eighteen species; namely, gehlemteyTtUpv

andaluzile, sawKiirite, chiastolite, indianhe, pefa/ite, fvl<part

ekebergite, gieserkile, spodiunene, amblygomte, seaside, bcrg-

viujvritc, eluolitc, sodalitc, jncio/iifc, neplielbw, and ue-spar.

Sp. 1. Gt liU inti .i;

This mineral has been hitherto found only in the Tirol. It

occurs in calcareous spar on the south side of a mountain at

Bczza, two hours' journey from Pera. It was brought to

Munich by the mineral dealer, Frischholz, during the course of

1815, and was described and analysed soon after by Professor

Fuchs.

It occurs usually crystallized in four-sided rectangular

prisms whose bases arc squares
;
they are generally so low as

to approach the appearance of cubes. They are entangled in

each other, and the intervals between them are filled up with

calcareous spar. They have a triple cleavage, two of which

can be readily distinguished, but the third with difficulty.

FrfBCture sometimes uneven, sometimes fine splintery. Lus-

tre weakly glimmering, or almost dull ; intermediate between

• Hoffmann, ii. 1. 287. + Klaproth.

X Klaproth, Beitrag*, iv. 279. S Hoffmann, iv. 2. 107.
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luok in. vitreous and resinous. Semihard in a high degree, scratching
v ' glass ; but not striking fire with steel. Translucent on the

edges or opaque. Feel of the crystals resinous, of the powder
meagre. Easily frangible. Brittle. Specific gravity 2*98.*

Principal colour intermediate between olive and leek green.

Sometimes bluish grey or bluish black, or olive green or liver

brown. Before the blow-pipe it melts with difficulty into a

yellowish green semitransparent bead. When the flame is

long continued it becomes black. Its constituents are

Silica 29*64

Alumina 24*80

Lime 35*30

Oxide of iron 6*56

Water 3-30

99*60f

Sp. 2. Andaluzite.\

This mineral was discovered by Bournon in a primitive

granitic mountain in Forez, and described by him in the

Journal de Physique of 1789. At first it was considered as a

variety of corundum or felspar. It has been found in Aber-

deenshire in Scotland, and near Dublin.

Colour flesh red, sometimes approaching to rose red. Mas-

sive, and crystallized in rectangular four-sided prisms. Frac-

ture imperfect foliated. Feebly translucent. Scratches

quartz, and even sometimes spinell. Easily frangible. Spe-

cific gravity 3*165.^ Infusible by the blow-pipe without ad-

dition. Its constituents are as follows :

52 .. .. 55*75

32 .. .. 34*00

8 .. . . 2*00

2 .. .. 3*375

Oxide of manganese . . . 0*625

.. 2*125

. . 0*375

6 . . .. 1*000

10011 99*250

* According to Fuchs. I found it 2-9166, and when purified by muriatic

acid it was reduced to 2 008.

f Fuchs, Schweigger's Jour. xv. 377. I have analysed it with nearly the

same result.

\ Kirwan, i. 377. Haiiy, iv. 362. Hoffmann, ii. 1. 291.

§ Haiiy.
||

Vauquelin, Brogniart's Miner, i. 36.

• • Brandes, Annals of i'hilosophy, xvi. 71. Schweigger, xxv. 113.
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Sp. 3. Saussurite.

Variolite of Werner.*

This mineral was originally described by Saussure in his ChaP- Ir-

travels under the name ofjade. It was confounded with fel-
^"v~^

spar till Th. de Saussure drew the attention of mineralogists

to it.f Still more lately it was described and analysed by

Klaproth.J It occurs most commonly with diallage forming

a very beautiful rock, called diallage rock. In this state it is

found in the peninsula of the Lizard in Cornw all, near Chris-

tiana in Norway, and in Corsica constituting the well known
rock called Ferde di Corsica. It is common also about the

lake of Geneva.

Colours white, grey, and green. It occurs massive and dis-

seminated. Internal lustre dull or feebly glimmering. Fracture

sometimes even, sometimes splintery. Fragments sharp edged.

Faintly translucent on the edges. Very tough. Hard enough

to scratch quartz. Feel meagre. Sp. gravity from 3*200 to

3319. Its constituents arc as follows:

. . 4i.00 .

.

. . 49.00

. . 24-00

. . 10-50

• • 3*75

. . 5 50

. . 6'50

Oxide of manganese . . 0-05 . .

. . 0'75

1 oo-oo § 100-00

Sp. 4. Chiastolitc**

Hohlapath of Werner. Made of Haiiy.

This singular mineral was first observed in Britanny, and
near St. Jaques de Compostella in Spain. It is always crys-
tallized in four-sided prisms nearly rectangular. When we
view the end of the prism, we perceive in the centre of it a
blackish prism inclosed in the larger one, which is of a grey-

• Hoffmann, ii. U 338. i Jour, de Min. No. cii. p. 205.
t Beitrage, iv. 276.

§ Th. de Saussure, Jour, de Min. No. cxi. p. 217.

||
Klaproth, Beitrage, iv. 278. •• Hoffmann, ii. 1. 330.
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ish, yellowish, or reddish white colour. From each angle of

the centra] prism, a blackish line passes to the corresponding

angle of the outer prism ; and in each of these external angles

there is commonly a small prismatic space, filled with the

same matter as that of which the central prism is composed.

This matter is a blackish coloured clay slate, the same as the

rock in which the hollow spar is found imbedded.

Fracture foliated. Cleavage double, the folia being paral-

lel to the lateral planes of the prism. Translucent: but

opaque, when the crystals are in the state of decomposition.

Scratches glass when in a fresh state. Specific gravity

2-9444,.* When rubbed upon sealing wax, it usually com-

municates negative electricity.^ Before the blow-pipe it is

converted into a whitish scoria. The clay slate yields a black

glass.

Sp. 5. Indianite.

This mineral has hitherto been observed only in the Car-

natic where it is associated with hornblende, and contains im-

bedded crystals of corundum. It was first distinguished as a

peculiar species by Count Bournon.

Colours white and grey. Massive. Lustre shining. Frac-

ture foliated. In granular distinct concretions. Translucent.

Scratches glass, but is scratched by felspar. Specific gravity

2*742. Its constituents, according to the analysis of Chenevix,

are as follows

:

Silica 42-5

Alumina 37'5

Lime 15*0

Oxide of iron 3*0

Oxide of manganese . . Trace

Loss 2-0

100-0

Sp. 6. Petalite. %

This mineral was first detected by D'Andrada, in the mine

of Uton in Sweden. But the attention of mineralogists was

first drawn to it by Arvedson's discovery of lithia as one of its

constituent parts. We are indebted to Dr. Clarke for a de-

Haiiy. t Haiiy, «»• 268.

X Arvedson, Ann. de Chim. et de Phys. x. 8<2. Clarke, Annals of Phi-

losophy, xi. 106 and 365. Gmelin, ibid. xv. 341.
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scription and analysis of it. Gmelin has likewise analysed it "ap-

with great care.

Its colour is snow white; with sometimes a shade of red and

sometimes of green. When either of these two last colours

exists it is an indication that the mineral is impure. It is

never found crystallized. External lustre shining and pearly.

Longitudinal fracture foliated, and according to Dr. Clarke

it admits of a two-fold cleavage parallel to the sides of a rhom-

boidal prism : one of these cleavages is splendent, the other

dull. Cross fracture compact, like that of quartz. Fragments

prismatic. Hardness nearly equal to that of felspar. Breaks

easily in a longitudinal direction ; but not so readily trans-

versely. Specific gravity 2*121, according to Arvcilson.

2 45, according to Dr. Clarke.

2*4268, according to Dr. Gmelin.

It refracts singly, at least when an object is seen through a

plate of it. It does not become electric either by heat or fric-

tion. Before the blow-pipe it melts about as easily as adula-

ria, and gives a bead at first whitish; but when completely

fused it becomes transparent with small air bubbles in its in-

terior. With borax it dissolves rather better than felspar, and

forms a transparent and colourless glass.

According to Hatty the primitive form of the pctalite is a

rhomboidal prism, the proportions between the diagonals of

which are */ IS: */ 2. This determines the two opposite

angles to be 137° 8' and 42° 5'/.

The constituents of pctalite have been found as follows:

Silica

Alumina
I. ulna

Lime
Oxide of manganese
Water

t t

79*212 80 76*5

1 7*225 15 205
5761

2-5 2-5

075 0625

102-198 98-25 100-125

7V 17

1741
516
0-32

21

7

9923

* Arvedson, Ann. de Chim. et de Phys. x. 94.

t Dr. Clarke, Annals of Philosophy, xi. 198.

I Mr. Holme, ibid.

§ Gmelin, ibid. xv. 344.
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Sp. 7. Felspar*

This is one of the most widely distributed and most abun-
dant of minerals, forming a constituent of granite, gneiss, and
many other primitive and transition rocks. It is very fre-

quently crystallized, and the primitive form of its crystals is

an irregular parallelopiped, for a description of which I refer

to Haiiy. Occurs usually in rhomboidal prisms, or in six or

ten-sided prisms, terminated by irregular summits. It gives

out a peculiar odour when rubbed. Becomes electric by

friction, but with great difficulty. Fusible per se into a more
or less transparent glass. When crystallized it decrepitates

before the blow-pipe. It has been divided into four sub-

species.

Subsp. 1. Adularia.

This subspecies was first observed by Mr. Pini on the sum-

mit of Mount St. Gothard, in Switzerland, called Adula

;

hence its name. It has been found also in other places. The
variety called moon-stone comes from Ceylon.

Colour greenish-white, often inclining to asparagus-green.

Sometimes has milk-white spots, with a silvery lustre. Found

massive, in rolled pieces, and crystallized in oblique four-

sided prisms, bevelled on both ends : in six-sided prisms

;

and in rectangular four-sided prisms, with oblique terminal

faces. Crystals streaked longitudinally. External lustre

splendent, pearly; lustre of the principal fracture splendent;

of the cross fracture shining, between vitreous and pearly.

Principal fracture perfect specular splendent, with a double

rectangular cleavage; cross fracture small imperfect con-

choidal. Fragments rhomboidal. Tends to thick straight

lamellar distinct concretions. Transparent and translucent.

Hard, gives sparks with steel, but softer than quartz. Brittle.

Easily frangible. Specific gravity from 2*531 to 2*560.+

Subsp. 2. Labrador Felspar.

This subspecies was first observed on the coast of Labrador

by Mr. Wolfe, and since that time it has been discovered ki

the northern parts of the old continent.

Colour smoke-grey, which passes into dark ash and yel-

lowish-grey; in certain positions it reflects a great variety of

* Kirwan, i. 310. Haiiy, ii. 590. Brocliant, i. 3G1. Hoflmann, ii.

1. 295.

•f
Hoffmann.
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colours, as blue, green, yellow, red, brown. Occurs com- chap. u.

monly massive and in rolled pieces. Fracture perfect foliated,

folia crossing at right angles. Lustre of the principal frac-

ture splendent; of the cross fracture glistening; between

pearly and vitreous. Usually in granular distinct concretions
;

sometimes in thick straight lamellar distinct concretions.

Translucent. Hard ; but softer than adularia. Specific

gravity 2 590* to 2'692.f

Subsp. 3. Common Felspar.

Colours white, red, grey, and green. The varieties of grey

are smoke and bluish-grey : of white, greyish, milk, yellowish,

greenish, and reddish-white : of red, flesh, blood, and brick-

red ; of green, asparagus, leek, mountain, and verdigris-green.

Occurs massive, in rolled pieces, and in grains ; also crystal-

lized in six and four-sided prisms. External lustre shining;

lustre of the principal fracture shining; of the cross fracture

glimmering, vitreous. Fracture more or less perfect foliated
;

cleavage double, the folia intersecting at right angles ; cross

fracture fine-grained uneven, passing into splintery. Occurs

in granular distinct concretions. Translucent. Hard; but

softer than quartz. Brittle. Easily frangible. Specific gra-

vity from 2-551 % to 2'59i.§

This subspecies frequently occurs in a disintegrated state,

and then approaches porcelain clay ; except that the crystalline

form may sometimes be recognised. Its colour is yellowish or

reddish-white, sometimes verging on grey. Internal lustre

between glistening and dull. Fracture sometimes imperfect

foliated, passing into earthy ; sometimes between uneven and
earthy. Usually opaque. Soft. Easily frangible.

Subsp. 4. Compact Felspar.

PetrosUex of the older French mineralogists. This mineral

occurs abundantly in many countries, being a constituent of

green-stone. Colours grey, white, blue, green, and red. The
varieties of grey are greenish, smoke, and ash-grey ; of green,

apple, pistachio, mountain-green ; of blue, sky and smalt-

blue; of red, flesh and blootl-red. Occurs massive, in rolled

pieces, and in crystals, in antique-green porphyry. Internal

lustre glimmering. Fracture appears splintery, but on exa-

mination proves to be very small foliated. Sometimes in fine

• Hoffmann. f Brisson.
J
Ilofi'mann.

;
Brisson.
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Book in. granular distinct concretions. Translucent. Hard. Easily
v"""v— frangible. Melts before the blow-pipe without addition.

Specific gravity 2 -659.*

The following table exhibits the composition ofthis species

:

Adul aria.
felspar.

*

Common. Compact.

t t § || tt tt++

64 6S-5 68-0 62-83 72-75 68 71-17

Zu o la 17'02 13 19 13-6

2 7 3-00 9-5 1 0-4

1-5 '5 1-00 1 4 1-4

Oxide of manganese o-i

14 14-5 13-00 5-5 3-19

Water 0'25 2-5 3-5

2-5 2 3-15 3-50 6-64

100 100-0 100-0 100-00 100-00 100-0 100-00

The mineral described by Dr. Clarke under the name of

Leelite, found at Gryphytta in Westmanland, has generally

been reckoned a variety of compact felspar. But it seems

entitled to a more rigid examination than it has undergone.

Dr. Clarke found its constituents as follows

:

Silica 75

Alumina 22

Manganese ..... 2 #5

Water . . 0\5

100-0

Sp. 8. Ekebergite.

This mineral was first described by Ekeberg, in 1807, under

the name of natrolite.
|| ||

It occurs in the iron-mine of Hes-

selkulla in Nerike, a province of Sweden, in amorphous

masses usually associated with quartz. Its colour is greenish-

* Saussure. t Vauquelin, Ilaiiy, ii. 592.

X Chenevix, Phil. Trans. 1802, p. 337.

§ Klaproth, Beitrage, v. 18.
||
Vauquelin, Haiiy, ii. 593.

** Hedenbcrg, At"handlingar, i. 118.

tt Godon St. Menin, Gehleu's Jour. Second Series, iii. 511.

JJ Mackenzie, Wernerian Memoirs, i. G18.

§§ Annals of Philosophy, xi. 3C6.

Ull
Afhnndlingar, ii. 144.
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grey. Lustre sometimes shining, sometimes glimmering and chap. u.

resinous. Sometimes the fracture is foliated with a two-
^"^"""^

fold cleavage. Sometimes small conchoidal and splintery.

In some directions it has a radiated appearance, owing to the

position of the folia. Translucent on the edges. Strikes

fire with steel and scratches glass. Rather tough. Specific

gravity 2*74-6. Before the blow-pipe it melts into a semi-

transparent glass. With borax it fuses into a transparent

olive-green glass bead. Its constituents, according to the

analysis of Ekeberg, areas follows:

. 4-6

. 28-75

. 13-50

Oxide of iron . . . 0-75

. 5-25

Water 2-25

. 350

100- 00

Sp. 9. Giaeikile.

This name has been given by Mr. Sowerby to a mineral

discovered by Mr. Giesecke in Greenland, at Alkullcara-

fiarsuk, in the Fiord Igalikko. It has a greenish colour and
is crystallized in regular six-sided prisms. It occurs along

with crystallized felspar in a hornstonc and clay porphyry. I

have never seen a specimen of it, and cannot therefore give

its characters. But Slromeyer, who analysed it, says that

they are very well marked. Its constituents are

Silica 1-6-0798

Alumina 33 8280
Magnesia 1*2031

Protoxide of iron 3*3587

Oxide ofmanganese 11556
Potash 6-2007

Water or loss at a red heat 4*8860

Loss 3*2881

100*0000*

• Stromcyer, Gilbert's Annalen, ixiii.372.
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Sp. 10. Spodomene*

Triphane of Ha'iiy.

This mineral, which has been found in the mine of Uton
in Sweden, and in Norway, was first described by D'Andrada.

It occurs also in a granite rock near Starzing in the Tyrol.

Colour greenish-white, sometimes apple-green. Massive.

Lustre of the principal fracture shining; of the cross frac-

ture glistening, pearly. Principal fracture foliated : cleavage

double, the folia intersecting obliquely; cross fracture fine-

grained uneven. According to Ha'uy, it yields by mechanical

division a rhomboidal prism, with angles of 100° and 80°.

Fragments sometimes in oblique rhombs. The massive va-

rieties exhibit granular distinct concretions. Translucent.

Scratches glass, and strikes fire with steel. Very easily fran-

gible. Specific gravity 3-1923 to 3*218.t When heated in

a crucible it splits into small plates; many of a golden-yellow

colour, like some varieties of mica ; others are dark-grey : in

a few days they all lose their lustre, and become dark-grey. %

Melts before the blow-pipe into a greyish globule.

The constituents of this mineral are as follows:

§ II
** tt XX §§

Silica 56-5 . . 64-4- . . 63-4-0 . . 67*5 . . 63-5 . . 66'4>

Alumina 24*0 . . 24*4 . . 29*4.0 . . 27'0 . . 23"5 . . 25'3

Lime 5*0 . . 3'0 . . 0'75 .. 0'63 .. 1*75 .. —
Oxide of iron 5-0 .. 2-2 . . 3'00 .. 3'0 .. 2*50 .. 1-4-5

Potash ..... — . . 5"0 . . — . .
— . . 6'00 . .

—
Lithia — • • — • • — • • — • • — • • 8'S5

Water — . • — • • 0*53 . . 0*53 . . 2*00 . .
0*4-5

Loss 9'5 .. l'O .. 2'92 . . T34- .. 0-75 .. —

100-0 100-0 100-00 100-00 100-00 102-4-5

• Haiiy, iv. 407. Brocbant, ii. 523. Hoffmann, ii. 1. 341.

f Haiiy and D'Andrada. J Vauquclin, Haiiy, iv. 408.

§ Vauquelin, Haiiy, iv. 409.

||
Vauquelin, Haiiy's Tableau Comparatif, p. 1G8.

** Ilisinger, Afbandlingar, Hi. 5293.

ft Bcrzelius, ibid. p. 294.

1 1 ^°ge '> Scbweigger's Jour. \\\. 68.

^§ Arvedson ; Ann. de Cbim. ct de Pbys. x. 95.

Book III.
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Sp. 11. Amblygonite.*

This mineral, which hitherto has been observed only at

Chursdorf, near Penig in Saxony, in a granite quarry, where

it is mixed with green topaz, tourmaline, &c. was first con-

stituted into a distinct species, and described by Breithaupt,

in the 4th volume of Hoffmann's Mineralogy, published at

Freyberg in 1 8 1 8.f

Its colour varies from greenish-white to light mountain

and celadon green. Externally it is marked with reddish and

yellowish spots. It occurs massive and crystallized in oblique

four-sided prisms. Internal lustre shining, vitreous. Prin-

cipal fracture foliated with a double cleavage, exhibiting a

four-sided prism with angles of 106° 10' and 73° 50'. Cross

fracture uneven. Fragments rhoinboidal. Strongly trans-

lucent. About the hardness of felspar. Brittle. Specific

gravity from 3*00 to 3-04.

Mr. Diakon Diirr was the discoverer of this mineral. Jt

was described by Haberle and Pusch as a variety of Sca-

politc.

Sp. 12. Siafjolile.l

Paranthine of Haiiy.

This species is divided into two subspecies, radiated scapolite

or common scapolite, and J'olialed scapolite or IVirnente.

Subsp. I. Radiated Scapolite.

This mineral was first found near Arcndal in Norway, in

mines of freestone; it occurs likewise in Sweden. Colour
greyish, yellowish, and greenish-white. Massive; but more
commonly crystallized in long, thin, oblique, four-sided prisms,
often acicular. Primitive form, a rectangular prism. Crys-
tals slightly streaked longitudinally; aggregated into thick
fasciculi, which are again united together. External lustre

glistening; internal shining, between resinous and pearly.
Longitudinal fracture imperfect foliated ; cross fracture fine-

grained uneven. Translucent. Scratches glass. Brittle.

Easily frangible. Specific gravity from 2-7404 § to 3-708.
||

Before the blow-pipe, froths and melts into a white enamel.**

• It was named from obtuse-angled ; alluding to the shape of
its crystals.

t Hoffmann, iv. 2. 159.

X HotVmann, ii. 1. 345.
$ Laugier.

|| D'Andrada. I suspect this to be too high.

••D'Andrada.
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Book m. Subsp. 2. Foliated Scapolite, or Wernerite.

Arctizite of Werner.

This mineral was discovered and described by D'Andrada,
who named it after Werner. Hitherto it has been found
chiefly in Sweden and Norway. Colour greenish-grey ; sur-

face of the crystals between sky-blue and celadon-green. Mas-
sive, and crystallized in low equiangular eight-sided prisms,

terminated in flat four-sided pyramids. Internal lustre glis-

tening, pearly. Fracture foliated. From the appearance of

the folia, Werner gives the fracture the name of /or/z-foliated.

Translucent. Scratches glass, and strikes fire with steel ; but
is scratched by felspar. The powder phosphoresces when
heated. Before the blow-pipe, froths and melts into an im-

perfectly white and opaque enamel.

The constituents of these subspecies are as follows :

Radiated scapolite. Wernerite.

* t t § §

45 61*50 48 51-5 40
33 25-75 30 33 34
17-6 3 14 10-45 16-5

0-75

1 1-50 1 3-5 8

Oxide of manganese . . . . 1-50 Trace 1-5

0*5

1-5

5-0 2

1-4 1-0 5 1-55

llOO'G 100-00 100 100-00 100-0

Sp. 13. Bergmanriite.\\

Spreuslein of Werner.

This mineral was first described by Schumacher. It occurs

in a bed at Friediehswarn in Norway. It was made a pecu-

liar species by Werner in 1811.

* Laugier, Ann. du Mus. cTHist. Nat. x. 472.

f Ilisinger, Afhandlingar, ii. 202.

I Abilgard, Jour, de Pliys. Hi. 33.

§ John, Gehlen's Jour. Second Series, iv. 183. The first specimen was

white, the second green.

||
Hoffmann, ii. 2. 303.
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Colours yellowish-grey, and ash-grey, and muddy flesh-red.
v
^p-"j

/

Massive. Lustre glistening or glimmering, pearly. Fracture

fibrous. Fragments angular and not very sharp-edged.

Opaque. Semihard. Brittle. Specific gravity 2-300* Melts

before the blow-pipe without intumescing into a white semi-

transparent enamel.

Sp. 14-. Elaolite.f

Fettstein of Werner.

It is found in Norway, in the rock called zircon-syenite. Its

colours are duck-blue, inclining to green, and flesh-red, with

a shade of grey or brown. Massive. Lustre shining and re-

sinous. Fracture in the red variety flat and imperfect con-

choidal, in the blue imperfect foliated, with a double cleavage.

Fragments angular and not very sharp-edged. Translucent.

Scratches glass. Rather easily frangible. Specific gravity

2*616*1 When pounded and thrown into acids it gelatinizes.

Before the blow-pipe melts into a milk-white enamel. Its con-

stituents are as follows:

Silica ,
46-50 . .

.

. 44-00

. 30 25 . .

.

. 34-00

. 0-75 ... . 0-12

18*00 . .

.

. 16-50

Oxide of iron . . . . 1-00 ... . 4-00

. 2-00 . . .

1-50 ... . 1-38

100-00 § ioo-ooii

Sp. 15. SodaHie.**

This mineral was found by Giesecke at Kanerdlucrsuk, a

narrow tongue of land in latitude 61°, West Greenland, where

it occurs in a bed in mica-slate. I first described and analysed

it, and constituted it a distinct species. Borhowski has detected

it on Vesuvius.

Colour between celandine and mountain-green. Massive

and crystallized in garnet dodecahedrons. Externally it is

smooth and shining ; internally the longitudinal fracture is vi-

• Schumacher. + Hoffmann, ii. 1. 181. + Ilaiiy

.

§ Klaproth, Beitrage, v. 178.

||
Vauqiielin

; Haiiy's Tableau Compar. p. 5228. The alkali was a mixture
of potash and soda, but chiefly soda.

Kd'm. Trans, vi. 390.

VOL. 111. Z
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Book hi. treous, the cross fracture resinous. Longitudinal fracture fo-

*— liated with a twofold cleavage : cross fracture small conchoidal.

Fragments angular and sharp-edged. Translucent. As hard
as telspar. Brittle and easily frangible. Specific gravity 2*378.

Its constituents are as follows

:

*•

38-52. .

.

T
.36*00.

t
. . .44-87

Alumina .... 27*48 .

.

.32-00 . . . .23-75

2*70 . .

,

1*00.. .
Oxide of iron . . 0*25.

"

. .. 0-12

25*50. . . .25-00. . . .27*50

Muriatic acid . 3*00.. . . 6-75. • • •
**—~~

Volatile matter 2*10. . . • • •
'

1*70. . . . .. 3-76

100-00 100-00 100 00

Sp. 16. Meionite.§

This mineral is found on Somma, among the substances

ejected by Mount Vesuvius. It was first described by Rome
de Lisle, and constituted into a peculiar species by Haiiy.

The meionite occurs most usually in crystals, though some-

times it is observed in irregular grains. The primitive form of

its crystals is a rectangular prism whose bases are squares. It

occurs most commonly in an eight-sided prism terminated by

four-sided pyramids. Sometimes the prism is twelve-sided by

the truncation of some of its edges. Colour greyish-white.

Lustre shining, vitreous. Fracture foliated with a two-fold

cleavage. Transparent. Scratches glass, but not felspar. Spe-

cific gravity 2*61 2.
||

Melts before the blow-pipe into a white

spongy glass ; but M. Leopold Gmelin was unable to fuse it

even with an excellent blow-pipe. Its constituents are as fol-

lows :

* By my analysis. + Ekeberg.

X Borkovvski, Gilbert's Annalen, lxiii. 382.

S Hoffmann, ii. %. 301. ||
Mohs.
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Silica 40-8

Alumina 30'6

Lime 22*1

Soda with a little lithia .... 2*4

Oxide of iron l'O

Carbonic acid and loss .... 3*1

100-0*

Sp. 17. Nephelinc, or Sommile.f

Nepheline of Haiiy. Hexagonal white schorl of Ferber. Wlute
hyaci/ith of Somma.

This stone was called sommite by Lametheric, from the

mountain Somma, where it was first found. It is usually mixed

with volcanic productions. It crystallizes in six-sided prisms,

sometimes terminated by pyramids, and Eta primitive form is a

regular six-sided prism. Colour grrvi>h-whitc. External lus-

tre shining, vitreous. Longitudinal fracture foliated ; cross

fracture conchoidal. Translucent. Easily frangible. Cuts

glass. Specific gravity 2*274 1,+ infusible by the blow-pipe.

According to the analysis of Vautjuelin, it is composed of

Alumina 49

Silica 46

Lime 2

Oxide of iron 1

Loss 2

100§

Sp. 18. Icespar.
\\

This mineral occurs also at Monte Somma near Naples,

where it is mixed with the two last species, and with mica and
hornblende.

Colour greyish-white, inclining sometimes to yellowish-white,

sometimes to greenish-white. Often massive. Sometimes crys-

tallized in thin longish six-sided tables, in which the shorter

• Leopold Gmelin
; Schweigger's Jour. xxv. 30.

t Brochant, ii. 522. Hatty, iii. 186. Hoffmann, ii. 1 . 365.

; Haiiy. § Jour, de Min. No. xxviii. 279.

|| Hoffmann, ii. 1. 369.

z 2

Chap. II.
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Book m. lateral planes meet under an obtuse angle, and the terminal
""^ planes are bevelled. Crystals small. Lateral planes of the

prism longitudinally streaked. Lustre shining and vitreous.

Fracture imperfect foliated. Fragments sharp-edged. Com-
posed of large granular distinct concretions. Strongly trans-

lucent
; crystals transparent. Hard in a low degree. Easily

frangible. Rather heavy.

XII. CLAY FAMILY.

;iay fa- This family contains eight species
;
namely, alumstone, porce-

lain earth, common clay, claystone, adhesive slate, polishing slate,

iripoli, Jloalstone.

Sp. 1. Alumstone.*

This mineral occurs at Tolfa, near Rome, where it is said

to constitute a hill. From it the famous Roman alum is made.

Colour greyish-white, sometimes light yellowish-grey. Mas-
sive. Lustre dull, and sometimes (scarcely) glimmering.

Fracture uneven, approaching to fine earth}'. Fragments

blunt-edged. Rather hard. Does not adhere to the tongue.

Specific gravity 2*587.

The constituents of this mineral are as follows

:

t X §

Silica 2400 56*5 62-25

Alumina 43*92 19*0 17*50

Potash 3*08 4*0 1*00

Sulphuric acid 25*00 16*5 . . . .12*50

Water 4*00 3*0 5*00

Loss — .... 1*0.... 1*75

100*00 100*0 100*00

* Brochanr, i. 381. Hoffmann, ii. 2. 78. Klaproth, Gehlen's Jour. vi.

35. Gay-Lnssac, Ann. de Chim. lv. 266.

+ Vauquelin, Gehlen's Jour. vi. 44.

% Klaproth, ibid. From these analyses, it appears that the alum-stone of

Tolfa contains in itself all the constituents of alum. Hence, probably, the

superiority which the alum obtained from it originally possessed; especially

as the mineral does not appear to contain any foreign substance which can

injure the purity of the alum. For a short sketch of the process followed at

Tolfa, the reader is referred to Klaproth, Gehlen's Jour. vi. 37.

(, From Hungary. Klaproth, Beitrage, iv. 253.
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Sp. 2. Porcelain Earth*

Kaolin of the Chinese.

This mineral, from the situation which it occupies, is con- chap, ir.

sidered as analogous to felspar, differing chiefly in the state of J

aggregation. Felspar indeed seems sometimes to be converted

into it by exposure to the weather.

Colour reddish-white, sometimes inclining to yellowish and

greyish white. Massive and disseminated. Particles fine dusty.

Colours strongly. Slightly cohering. Feels fine, but meagre.

Scarcely adheres to the tongue. Specific gravity 2-2 1 6. f Docs

not fuse per se.

Its constituents arc,

Silica 52

Alumina 47

Oxide of iron 0*33

Loss 0 -67

loo-oo x

Sp. 3. Common Cluy.§

Clay is a mixture of alumina and silica in various propor-

tions. The alumina is in the state of an impalpable powder;

but the silica is almost alwavs in smull grains, large enough to

be distinguished by the eye. Clay, therefore, exhibits the cha-

racter of alumina, and not of silica, even when this last ingre-

dient predominates. The particles of silica are already com-

bined with each other; and they have so strong an affinity for

each other, that few bodies can separate them ; whereas the

alumina, not being combined, readily displays the characters

which distinguish it from other bodies. Besides alumina and

silica, clay often contains carbonate of lime, of magnesia, ba-

rytes, oxide of iron, &c. And as clay is merely a mechanical

mixture, the proportion of its ingredients is exceedingly various.

Warder, for the conveniency of description, has subdivided

common clay into four subspec ies, namely, loam, potters' clay,

variegated clay, and slate clay.

Subsp. 1. Loam.

Thi s may be considered as a very impure potter's clav, mixed

• Kirwan, i. 178. Bruchant, i. 320. Haiiy.ii. 616. Hoffmann, ii. 2. 10.

+ Karsten. Rose, Karsten's Tabellen, p. 37.

§ Kirwan, i. 176. Hoffmann, ii. 2. 22.
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Book in. with mica and iron ochre. Colour yellowish grey, often spottedw"v yellow and brown. Occurs in masses. Lustre dull ; some-

times glimmering, from scales of mica. Fracture in the great,

uneven ; in the small fine earthy. Fragments very blunt-edged.

Colours a little. Between loose and cohering. Adheres pretty

strongly to the tongue. Feels slightly greasy. Not heavy.

Subsp. 2. Potters' Clay.

This mineral, which occurs in great abundance in different

countries, is used for the various purposes of pottery. Hence
the name by which it is distinguished. It occurs in large rock

masses and in beds. Colours yellowish and greyish white

;

greenish, bluish, and smoke grey. Fracture in the great,

coarse-grained uneven ; in the small, pretty fine earthy. Frag-

ments blunt-edged. Opaque. Colours a little. Very soft,

passing into loose. Adheres strongly to the tongue. Feels a

little greasy. Specific gravity 2*0S5.*

There is a variety of potter's clay which Werner distin-

guishes by the name of slaty. Colour dark ash grey. Prin-

cipal fracture imperfect conchoidal ; cross fracture earth}-.

Fragments tabular. Rather light, and feels more greasy than

common potter's clay; in other particulars it agrees with it.

Subsp. 3. Variegated Clay.

This mineral is found in Upper Lusatia. Colours white,

red, and yellow, which appear in stripes and spots. Massive.

Fracture earthy; sometimes tending to slaty. Lustre in the

first case dull, in the second glimmering. Lustre of the streak

shining. Very soft, passing into friable. Feels a little greasy.

Adheres a little to the tongue. Sectile. Light.

Subsp. 4. Slate Clay.

This mineral occurs frequently along with coal, and in the

flo'etz trap formation. Colour smoke, yellowish, and ash grey

;

greyish black. Massive. Lustre dull ; sometimes glimmering,

from particles of mica intermixed. Fracture slaty : sometimes

approaches earthy. Fragments tabular. Opaque. Soft. Sec-

tile. Easily frangible. Specific gravity, according to Kirwan,

from 2-6 to 2'68. Adheres slightly to the tongue. Softens

and breaks to pieces in water.

Knrsten.
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Sp. 4-. Clay-stone*

This mineral occurs in considerable quantities on the top of Chap. n.

several of the Pentland hills, in the neighbourhood of Edin- -"V 1 ""-;

burgh, and likewise in other parts of Scotland, and in Ger-

many.

Colours greenish, bluish, ash, smoke, and pearl grey ; brown-

ish red. Sometimes spotted or striped. Massive. Lustre

dull. Fracture usually fine earthy; sometimes passing into

fine grained uneven, into slaty, and into Splintery. Fragments

seldom tabular, not sharp-edged. Opaque. Soft. Easily fran-

gible. Does not adhere to the tongue. Feels rather meagre.

Specific gravity 2*210.+

Sp. 5. Adhesive $late.%

Klebschiejir of Werner.

This mineral occurs at Menil Montagne, near Paris, and has

been by most mineralogists confounded with the next species.

It is found in beds. Colour light yellowish grey, inclining to

greenish. Internal lustre dull. Fracture in the large, slaty;

in the small, fine earthy. Fragments slaty. Opaque. Lustre

of streak shining. Scctile. A ery soft. Easily frangible. Ex-
foliates easily. Adheres strongly to the tongue. Specific gra-

vity as ascertained by Klaproth, 2 080. Absorbs water with

avidity, air bubbles separating with a crackling noise.

Sp. 6. Polishing Slate.

This mineral occurs near pscudo volcanoes, and is supposed

by Werner to be composed of the ashes of pit-coal, washed

down and regularly deposited. Hitherto it has been found

only in Bohemia. Colour yellowish grey, approaching cream
yellow and yellowish white. Always striped, and the colours

alternate in layers. Massive. Lustre dull. Principal fracture

slaty; cross fracture earthy. Fragments usually tabular. Very
soft. Adheres to the tongue. Feels fine, but meagre. Rather
light. Specific gravity, before it imbibes water, only from 0*590

to 0 606. After it has imbibed water, its specific gravity be-

comes from 1-909 to 1*91 1.§

• Hoffmann, ii. 2. 00. t Karsten.

t Klaproth, ii. 170. Hoffmann, ii. 2. 63. Brochant, i. 376. Haiiy, iv. 449.

§ Haberle, Gehlen's Jour. Second Series, ii. '29.
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Sp. 7. Tripoli*

This mineral occurs in veins and beds along with coal, and
in flo'etz trap rocks. Colour yellowish grey, which passes into

ash grey. Massive. Internal lustre dull. Fracture pretty

coarse earthy. Fragments blunt-edged. Very soft. Feels

meagre and rough. Does not adhere to the tongue. Specific

gravity from 2*080 to 2*529. Used for polishing.

Sp. 8. Float-stone.

f

This mineral has hitherto been found only at St. Omer, near

Paris. Colour light yellowish grey, which inclines to yellow-

ish and greyish white. Occurs tuberose, and is porous. Lustre

dull. Fracture earthy. Fragments blunt-edged. Very soft.

Rather brittle. Feels rough, and emits a creaking sound.

Specific gravity 0*448.'.j:

The following- table exhibits the constituents of these differ-

ent species, as far as they have been hitherto ascertained.

* Kirwan, i. 202. Brochant, i. 379. Hoffmann, ii. 2. 72.

t Hoffmann, ii. 2. 75. X Karsten.
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XIII. CLAY-SLATE FAMILY.

BookiiL This family contains five species, namely, alum-slate, bitu-

ciay-siate ^nous-slate, drawing-slate, whet-slate, clay-slate.
family.

Sp. 1. Mum-slate*

This mineral occurs in beds and strata in the newest clay-
slate, and in transition mountains. Werner divides it into two
subspecies, the common and the glossy, distinguished chiefly by
their lustre.

Subsp. I. Common Alum-slate.

This mineral occurs massive, and sometimes in balls. Co-
lour between greyish and bluish black, falling strongly into

grey. Internal lustre glimmering. Fracture perfect straight

slaty. Fragments tabular. Retains its colour in the streak ;

becomes a little shining. Soft. Not particularly brittle. Easily

frangible. When exposed to the air, effloresces and acquires

an aluminous taste. Specific gravity 2-388.f

Subsp. 2. Glossy Alum-slate.

Massive. Colour between bluish and iron black. In the

rents exhibits colours resembling tempered steel and the pea-

cock's tail. Lustre of the principal fracture shining, and semi-

metallic ; of the cross fracture glimmering. Fracture partly

straight, partly wave slaty. Fragments tabular, often running

into wedge-shaped. In other respects resembles the former

subspecies. Specific gravity 2*339.f

Sp. 2. Bituminous Shale.%

This mineral, which occurs along with coal, seems to be a

mixture of clay and bitumen. Massive. Colour brownish

black. Internal lustre glimmering. Fracture perfect straight

slaty. Fragments tabular. Colour of streak not altered, but

lustre shining. Very soft. Rather scctile. Feels greasy.

Easily frangible. When laid on burning coals, it emits a pale

flame and burns white. Specific gravity l*995.f

Sp. 3. Draiving-slate, or Black Chalk. §

This mineral occurs in the primitive mountains, and is usually

* Hoffmann, ii. 2. 83. t Kirwan.

\ Kirwan, i. 183. Brocliant, i. 389. Hoffmann, ii. 2. 88.

§ Kirwan, i. 112. Brocliant, i. 391. Hoffmann, ii. 2. 91.
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accompanied by alum-slate. It is employed in drawing ; henco chap

the name.

Colour greyish black, sometimes approaching to bluish black.

Massive. Lustre of the principal fracture glimmering ; of the

cross fracture dull. Principal fracture slaty ; cross fracture fine

earthy. Fragments usually tabular. Opaque. Stains paper

black. Colour of streak unchanged ; its lustre glistening.

Soft. Sectile. Easily frangible. Feels meagre, but fine.

Specific gravity 2' 186. Burns red. Does not fall to pieces in

water.

Sp. 4. fllietslate*

Novaculite of Kirwan.

This mineral is found in Germany, and on the Levant, from
which it is brought under the name of Turkey hone stone.

Common colour greenish grey ; but it occurs also mountain,
asparagus, olive, and oil green. Massive. Internal lustre glim-

mering or dull. Fracture in the large, slaty ; in the small,

splintery. Fragments tabular. Translucent on the edges.

Semihard. Feels rather greasy. Specific gravity 2*722.+

Sp. 5. Clay-slate.^.

Argillaceous schist us—Argilliie of Kirwan.

This mineral is ve ry widely distributed, constituting a part

both of primitive and transition mountains. Colours yellow-

ish, bluish, greenish, smoke, ash, and pearl grey; blackish

green
J

greyish black ; brownish red ; sometimes spotted.

Massive. Internal lustre varying from shining to glimmering,

resinous, approaching to pearly. Fracture more or less slaty

;

in some varieties approaching foliated, in others compact.
Fragments tabular, and likewise splintery. Streak usually

greyish white. Opaque. Soft. Sectile. Sometimes feels a
little greasy. Easily frangible. Specific gravity from 2*67 to
2-88.+

The following table exhibits the composition of such of the

preceding species as have been analysed :

• Kirwan, i. 2S8. Brocliant, i. 393. Hoffmann, ii. 1. 9S.

Kirwan.

J Kirwan, i. 234. Brochant, i. 395. Hoffmann, ii. 2. 98.
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Drawing-slate. Clay-slate.

t
Book ni. Silica 64-06 48'6

v Alumina 11*00 . . . . 23'5

Magnesia T6
Peroxide of iron 2*75 .... 11*3

Oxide of manganese .... .... 0-5

Potash .... 4 -

7

Carbon 11-00 0-3

Sulphur .... 0'1

Water and volatile matter 7'20 .... 7'6

Loss , 3-99 1-8

100-00 100-0

XIV. MICA FAMILY.

Micafa- This family contains four species ;
namely, lepidolite, mica,

pirate, and chlorite.

Sp. 1. Lepidoliie.%-

This stone appears to have been first observed by the Abbe
Poda, and to have been first described by Dc Born.§ It oc-

curs embedded in granite and other primitive rocks in various

parts of the world, as in Argylshire in Scotland.

Colour peach blossom red, verging on lilac blue ; passes into

pearl and yellowish grey. Massive. Internal lustre glisten-

ing. Fracture in the small foliated, in the great splintery.

Fragments blunt-edged. Translucent. Sectile. Soft; but the

crystals scratch glass. Not easily pulverized.
||

Specific gra-

vity from 2-816 to 2'8549.#* Powder white with a tint of red.
||

Before the blow-pipe froths and melts easily into a white semi-

transparent enamel full of cells. Dissolves in borax with ef-

fervescence, but communicates no colour.
||

Effervesces slightly

with soda, and melts into a mass spotted with red ; with micro-

cosmic salt into a pearl-coloured globule.ft

This mineral was first called lilalite, from the resemblance

* Wieglcb, Crell's Annalen, 1797, ii. 487.

i Daubuisson, Jameson, i. 44*2.

% Kirwan, i. 208. Klaprotl), Beitragc, i. 279, and ii. 191. Brocliant, i.

399. H&iiy, iv. 375. Hoffmann, ii. 2. 111. Lelievre, Jour, de Min. No.

Ii. 221.

§ Crell's Annals, 1791, ii. 196.

II
Lelievre, Jour, de Min. No. Ii. 219. Klaproth and Haiij.

f + Klaprotl), Ann. de Chim. xxii. 37.
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of its colour to that of the lily. Klaproth, who ascertained its chap

composition, gave it the name of lepidolile, or scale-stone, from

its structure.

The constituents of lepidolite arc as follows

:

* t X

Silica 54*50 54 61*6

Alumina 38'25 20 20*61

Lime .... — .... 1*60

Oxide of iron 0*75 .... 1 .... trace

Oxide of manganese .... .... 3 . . . .
0*5

Potash 4-00 18 9" 16

filiate of lime .... 4 . . . .

Water — 1-86

Loss 2" 5 .... — .... 4*67

10-00 100 10-00

Sp. 2. Mica.§

This stone forms an essential part of many mountains, and

lias been long known under the names of glucies marice and

Muscovy glass. It consists of a great number of thin lamina?

adhering to each other, sometimes of a very large size. Spe-

cimens have been found in Siberia nearly 2 }
yards square.

||

It is sometimes crystallized : its primitive form is a rectan-

gular prism, whose bases are rhombs, with angles of 120° and

00°: its integrant molecule has the same form. Sometimes it

occurs in rectangular prisms, whose bases also are rectangles,

and sometimes in short six-sided prisms ; but it is much more

frequently in plates or scales of no determinate figure or size.**

Colours yellowish, ash, and greenish grey; blackish green;

silver white; pinchbeck brown; brownish black. Lustre of

the crystals splendent. Internal lustre shining
; usually pearly

or resinous; sometimes scmimctallic. Fracture perfect foliated,

with a single cleavage; sometimes radiated. Fragments usually

tabular. The foliated varieties occur in granular distinct con-

• Klaproth, Beitrage, ii. 195.

t Vauquelin, Jour, de Mm. No. xli. p. 235.

J Hisinger, Afhandlingar, iii. 294.

Kirwan, i. 210. Gmelin, Nov. Com. Petropol. xii. 549. Haiiy, iii. 208.

Brochant, i. 102. Hoffmann, ii. 2. 115.

1|
Hist. General de Voyages, t. xviii. 272, quoted by Haiiy, Jour, de Min.

No. xxviii. 299.

Haiiy, Jour, de Min No. xxviii. 296.
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^BookiiL cretions, the radiated in wedge-shaped distinct concretions.
Transparent when in thin plates. Soft. Sectile. Very tough.
The lamellae flexible, and somewhat elastic. Often absorbs
water. Specific gravity from 2-634 to 2-791.* Feels smooth,
but not greasy. Powder feels greasy. Mica is fusible by the
blow-pipe into a white, grey, green, or black enamel ; and this

last is attracted by the magnet.f Spanish wax rubbed by it

becomes negatively electric, t

The constituents of mica are as follows

:

47 . . 48 . . 42-5

.20 . . 34-25 .

.

. . 11-5

"

• • .. 0*5 .. .. 9
Oxide of iron 15-5 .. . . T . a . . 22
Oxide of manganese .

.

1-75 .. . .
—~~ . •

.'. 2

.
14-5 . . . . 8*75 .

.

. . 10

• • .. 1-25 . . . . 1

1-25 .. . . 2*75 .

.

.. 2

100-00 100-00 ioo-o

Sp. 3. Finite.
||

Micarell of Kirwan.

This mineral was first observed in the mine called Pini, at

Schneeberg in Saxony ; hence its name. Since that time it

has been found in other places.

Colour blackish green ; but often covered with iron ochre

on the surface. Almost always crystallized in six-sided prisms,

having their lateral edges and angles truncated. Surface of

the crystals smooth. Internal lustre glistening, resinous; lon-

gitudinal fracture small grained uneven ; cross fracture imper-

fect foliated. Fragments sometimes blunt-edged. Translucent

on the edges. Soft. Sectile. Easily frangible. Specific gra-

vity 2-980.## At 153° Wedgewood, melts into a black compact

glass with a reddish surface, ff Infusible before the blow-pipe.

Its constituents are as follows :

* Brisson.

t Haiiy, Jour, de Min. No. xxviii. p. 295. Bergman, however, found pure

mica infusible per se.

t Ibid.

§ Klaproth, Beitrage, v. C4. The first specimen common mica, the se-

cond broad leaved mica, the third black mica from Siberia.

||
Kirwan, i. 212. Brochant, i. 45(5. Hofl'mann, ii. 2. 127.

* * Kirwan. t 1 Kirwan, Mineral, i. 212.
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Silica 29-5 .... 4-6'0 chap. n.

Alumina 63 .... 4-2
-0

Oxide of iron 6*75 .... 2*5

Water 7"0

Loss 0*75 .... 2*5

100-00* 100-Of

Sp. 4. Chlorite.^

This mineral occurs abundantly in primitive rocks and the

older veins. Werner has divided it into four subspecies.

Subsp. 1. Chlorite Earth.

This mineral is found in different parts of Germany and

Switzerland, chiefly in clay-slate. Colour between mountain

and blackish green. Composed of small scales. Lustre glim-

mering, pearly. Streak mountain green and shining. Adheres

strongly to the skin. Feels rather greasy. Specific gravity

1*896.§) It bears a strong resemblance to green earth.

Subsp. 2. Common Chlorite.

Found in different parts of Saxony. Colour blackish green.

Massive. Internal lustre glimmering. Fracture foliated, pass-

ing into earthy. Fragments blunt-edged. Colour of the streak

lighter green. Soft. Opaque. Scctile. Feels rather greasy.

Easily frangible. Specific gravity 2*822.
||

Subsp. 3. Chlorite Slate.

Occurs in beds subordinate to clay-slate. Colour blackish

green. Massive. Internal lustre glistening, resinous. Frac-

ture curve slaty ; those varieties that have the greatest lustre

pass into scaly foliated. Double cleavage. Fragments slaty.

Opaque. Streak mountain green. Sectile. Feels rather

greasy. Specific gravity 2-S22.**

Subsp. 4. Foliated Chlorite.

Hitherto found chiefly at St. Gothard in Switzerland, and
in the island of Jura. Colour between mountain and blackish

Klaproth, Berg. Jour. 1796, ii. 229.

+ Drappier, Jour, de Min. No. c. p. 311.

i Kirwau, i. 137. Brochant, i. 408. Hoffmann, ii. 2. 134.

§ Breithaupt, Hoffmann, ii. 2. 135. ||
Widenmann.

** Karsten.
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green. Massive ; but usually crystallized in six-sided tables ;

cylinders terminated by two cones, and in double cones with
the bases joined. Surface streaked. External lustre glistening

;

internal shining, pearly. Fracture foliated. Cleavage simple.

Fragments tabular. Translucent on the edges or opaque.
Soft. Sectile. Folia usually flexible. Feels rather greasy.
Easily frangible. Streak light-coloured. Specific gravity
2-823 *

The following table exhibits the constituents of the preceding
subspecies, as far as they have been hitherto ascertained.

Chlorite

earth.

t
Silica 50

Alumina 26

Lime 1*5

Magnesia

Oxide of iron 5

Potash 17'5

Muriate of potash .
.

Water
Loss

ioo-o

Common
chlorite.

+
+

. . 26

. . 18-5

• • ***""~~~~

..' 8

. . 43

2

Chlorite

slate.

§
41-15

6-13

1-5

39-47

10-15

• • • • 1-50

2-5 0-10

Foliated

chlorite.

II

. 35

. 18

29-9

9-7

2-7

4-7

ioo-o 100-00 ioo-o

XV. LITHOMARGE FAMILY.

ft^n™"**
This family contains seven species, namely, green earth, pi-

melile, lithomarge, rock soap, yellow earth, cimolile, and colli/-

rite,

Sp. 1. Green Earth .**

This mineral occurs in balls and crusts in amygdaloid. Co-

lour celadon green; sometimes passing into other varieties.

Massive and in globular pieces. Internal lustre dull. Frac-

ture even. Fragments blunt-edged. Lustre of streak glist-

ening. Very soft. Sectile. Easily frangible. Specific gra-

vity 2*598. Used by painters, as the colour is not altered by

acids.

Its constituents arc as follows

:

* Karsten.

f Vauquelin, Ilaiiy, iii. 266.

atic acid.

I Vauquelin, ibid. p. 264.

||
Lampadius, Ilandbuch.

Under the potash is included a little muri-

§ Hcupner, Crell's Annals, 1790, i. 56.

** Kirwan, i 196. Brochant, i. 445.
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Green earth.

* t

53 . . .. 51*5

, , 2 . . .. 1-5

Oxide of iron . .

no
. . ZO •

T'/^t O Gil 10 . . . . 18

.. 6 . . . . 8

1 . . . . 0'5

100 100*0

Sp. 2. Pimelite.

This mineral which accompanies chrysophrase was first con-

stituted into a distinct species by Karsten, who divides it into

two subspecies,^ the friable and the indurated. His descrip-

tion of these is as follows

:

Subsp. 1. Friable Pimelite.

Colour siskin green. Massive. Dull. Fracture earthy.

Fragments blunt-edged. Very soft, passing into friable. Feels

somewhat heavy. Its constituents are

Silica 35*00

Water 38-13

Alumina 5*00

Magnesia 1-25

Lime 0*42

Oxide of nickel 15*62

Oxide of iron 4*58

1 00-00 §

Subsp. 2. Indurated pimelite.

Colour apple green. Partly earthy, partly in crusts. In-

ternal lustre feebly glimmering. Fracture even. Fragments

rather sharp-edged. Soft. Feels very greasy. Infusible be-

fore the blow-pipe, but loses part of its weight.

Sp. 3. Lithomarge.\\

This mineral is found in veins, cavities, and beds, in varioqs

* Green earth of Verona. Klaproth, Beitrage, iv. 239.

t From Cyprus. Klaproth, ibid. p. 242.

t Tabellen, p. 88. § Klaproth's Beitrage, ii. 139.

||
Kirwan, i. 187. Brochant, i. 147. Hoffmann, ii. 2. 200.

TOL. III. 2 A
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,u in. kinds of rocks, and is far from uncommon. Werner divides

it into two subspecies.

Subsp. 1 . Friable Lithomarge.

Colours snow, yellowish, and reddish-white. Massive. Lus-

tre scarce glimmering. Generally coherent, sometimes loose

;

composed of fine scaly particles. Feels greasy. Adheres to

the tongue. Phosphoresces in the dark. Soils slightly. Light.

Its constituents are as follows

:

Silica 32-0

Alumina 26"5

Oxide of iron 21'0

Common salt 1*5

Water 17 0

Loss 2-0

100-0*

Subsp. 2. Indurated Lithomarge.

Colours snow, yellowish, and reddish-white; pearl-grey;

plum and lavender blue; flesh-red, and ochre-yellow. The
white and red varieties have only one colour ; the others spotted

and clouded. Massive. Internal lustre dull. Fracture large

conchoidal. Lustre of streak shining. Very soft. Sectile.

Easily frangible. Adheres strongly to the tongue. Feels

greasy. Specific gravity 2*435.t

Sp. 4>. Rock-snap. X

This mineral has been hitherto found chiefly at Olkuzk in

Poland, and always imbedded in rocks belonging to the floetz

trap formation.

Colour pitch or brownish-black. Massive. Lustre dull.

Fracture fine earthy. Fragments blunt-edged. Opaque. Does

not soil; Writes well. Lustre of streak shining, resinous.

Very soft. Sectile. Easily frangible. Adheres strongly to

the tongue. Rather light.

Sp. 5. YelloivEarth.H

This mineral occurs in Upper Lusatia, along with iron-stone

* Klaproth, Beitrage, iv. 349. f Breithaupt; Hoffmann, ii. 2. 203.

X Brochant, i. 453. Hoffmann, ii. 2. 206. Bucholt, Gchlen's Jour. iii.

597.

||
Kirtfah, i. 294: Brochant, i. 455. Hoffmann, ii. 2. 210.
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in the floetz clay formation. Colour ochre-yellow. Massive, chap. ir.

Lustre of the principal fracture glimmering; of the cross

fracture dull ; of the sti-eak shining. Principal fracture more

or less perfect slaty ; cross fracture earthy. Fragments partly

indeterminate and blunt-edged, partly tabular. Soils. Writes.

Very soft. Adheres strongly to the tongue. Feels a little

greasy. Specific gravity 2'24-0.* Used as a pigment.

Sp. 6. Cimolile.i-

Found by Hawkins in the Isle of Argentiers in the Archi-

pelago, where it is used lor whitening stuli's. It was mentioned

by Plinv under the name ofcimolia. Colour pearl-grey: when

exposed to the air becomes reddish. Texture earthy. Frac-

ture uneven. Opacjue. Does not stain. Adheres strongly to

the tongue. Soft. Difficultly broken. Specific gravity 2 000.

Becomes white before the blow-pipe. Its constituents are as

follows

:

Silica 6300
Alumina 2300
Oxide of iron T25
Water 1200
Loss 0*75

1 00-00

1

Sp. 7. Collyrite.

This mineral occurs in the Stephen's pit at Schemnitz, in

Hungary, where it forms a vein four or five inches wide in

sandstone.

It is snow-white, often with a shade of grey, red, or yellow.

Massive. Lustre dull, except the reddish-white variety, which

is feebly glimmering. Fracture fine earthy, and even. Frag-

ments indeterminate, and sharp-edged. Translucent on the

edges. Streak shining and resinous. Soils slightly. Very
soft. Brittle, and very easily frangible. Adheres strongly to

the tongue. Light. Its constituents are as follows

:

Silica 14

Alumina 45

Water 42

101 §

• Breithaupt, Hoffmann, ii. '1. 211.

t Brochant, i. 329. Ivlaproth, i. 477. \ Klaproth Beitrage, i. 299.

S Ibid. 257.

O. A 2
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^Book lll. XVI SOAPSTONE FAMILY.

*£jrtoi» This family contains seven species, namely, native magnesia,
meerschaum, bole, levmian earth, fuller's-earth, steatite, agal-
matolite.

Sp. 1 . Native Magnesia.

This mineral, which has been found in small veins in ser-

pentine at Hoboken, in New Jersey, was discovered and de-
scribed by Dr. Bruce, Professor of Mineralogy, in New York *

It is a hydrate of magnesia.

Colour snow-white, passing into greenish-white. Massive.
Lustre pearly. Fracture foliated or radiated. Semitranspa-
rent in the mass : the single folia are transparent. Soft, and
somewhat elastic. Adheres slightly to the tongue. Specific gra-

vity, 2*13. Soluble in acids. Its constituents are as follows :

Magnesia . 70

Water 30

100

Supposing it a compound of 1 atom magnesia, and 1 atom

water, its composition would be

Magnesia 68'94<

Water 31 '06

100-00

Sp. 2. Meerschaum.^

Kiffekill— Sea-froth.

This mineral is dug up near Konie in Natolia, and is em»
ployed in forming the bowls of Turkish tobacco-pipes. The
sale of it supports a monastery of dervises established near the

place where it is dug. It is found in a large fissure, six feet

wide, in grey calcareous earth. The workmen assert that it

grows again in the fissure,]: and puffs itself up like froth.

§

This mineral, when fresh dug, is of the consistence of wax.

When thrown on the fire it sweats, emits a fetid vapour, be-

comes hard and perfectly white.

* Brucc's Journal, i. 26.

f Kirwan's Min. i. 144. Brochant, i. 462. Hoffmann, ii. 2. 220.

} Iteignegg, Phil. Mag. iii. 165.

S Hence the name hif-kill, or rather keff-hclli, " clay-froth," or " light

flay."
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Colour yellowish-white; rarely snow-white. Massive. In- ciup.ir.

ternal lustre dull ; of the streak shining. Fracture fine earthy,

passing into flat conchoidal. Fragments pretty sharp-edged.

Opaque. Soft. Sectile. Not very easily frangible. Feels a

little greasy. Specific gravity 1600* Its constituents are as

follows

:

Silica 50-5 41

Magnesia 17-25 18-25

Lime 0 5 .... 0 5

Carbonic acid .... 5 .... —
Water 25 39

Loss 1 "75 .... 1*25

100-00 lOOOOf

Sp. 3. Bole.\

This mineral occurs chieflv in the Isle of Lemnos, at Sienna

in Italy, and in Silesia.

Massive. Fracture perfect conchoidal. Internal lustre

glimmering; of streak shining. Translucent and opaque.

Soft. Sectile. Specific gravity from li to 2. Acquires a

polish by friction. Adheres to the tongue. Feels greasv. Co-
lour cream-yellow, passing into brown and Mesh-red ; some-

times spottetl brown and black. When dry ami put into water,

it breaks with a crackling noise. Specific gravity 2-051. § Its

constituents are as follows:

Silica 47

Alumina 19

Oxide of iron 5 4

Carbonate of lime 5 4

Carbonate of magnesia . . 6*2

Water 17-0

ioo-o||

Sp. 4. Lcmman Earth.**

Sphragid of Karstcn.

This mineral has been hitherto found only in the Island

• Klaproth. f Klaproth, Beitrage, ii. 174.

J Kirwan, i. 191. Brochant, i. 4j9. Hoffmann, ii. 2. 226.

^ Breithaupt
; Hoffmann, ii. 2. 227.

|j
Bergman, Opusc. iv. 157. The specimen was from Lemnog.
Hoffmann, ii. 2. 229.
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of Lemnos, where it is held in grep,t veneration. Specimens
of it were brought to Klaproth. by Hawkins, who analysed it,

and described its properties.

Colours yellowish-grey, and yellowish white ; often marbled
on the surface with rust like spots. Dull. Fracture line

earthy. Perfectly meagre to the feel. Adheres slightly to the

tongue. When immersed in water it falls to pieces, and nume-
rous air bubbles are evolved. Its constituents are as follows

:

Silica 66*00

Alumina 14*50

Magnesia 0'25

Lime 0"25

Soda 3*50

Oxide of iron . . 6'00

Water 8 '50

Loss 1*00

100*00*

Sp. 5. Fuller's Earth, t

This mineral occurs in greatest perfection in the south of

England : it is found also in Upper Saxony.

Colour greenish white, greenish grey, olive and oil green.

Sometimes spotted. Massive. Internal lustre dull ; of the

streak shining. Fracture uneven ; sometimes large conchoi-

dal, sometimes splintery. Fragments indeterminate, blunt

edged ; also slaty. Usually opaque. Very soft. Sectile.

Scarcely adheres to the tongue. Feels greasy. Sp.gr. 1*819. %

Falls to pieces in water. Melts into a brown spongy scoria.

Its constituents are as follows

:

.53-0 .. . . 48*5

. io-o .

.

.. 15*5

.0-5 ..

Magnesia . . . . 1-25 .. . . 1*5

Oxide of iron • • 9 75 •

«

.. 7'0

Common salt . . o-i ..

. .24. 25-5

Loss 1-4 .. .. 2'0

100-00 100*0 §
* Klaprotb, BeitrajJ-e, iv. 333.

+ Kirwan,i. 184. Brocliant, i. 404. Hoffmann, ii. 2. 230.

X Hoffmann.

§ Klaproth, Bcitragc, iv. 334. The first specimen was from Ryegate

in Surrey, the second from Nimptch in Silesia.
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Sp. 6. Steatite.*

Though this mineral was noticed by the ancients, little at-

tention was paid to it by mineralogists, till Mr. Pott published

his experiments on it in the Berlin Memoirs for 174-7.

It is usually amorphous, but sometimes it is crystallized in

six-sided prisms. Colour greyish, greenish, yellowish, and

reddish white. Sometimes spotted. Lateral planes of the

crystals transversely streaked. Internal lustre dull or glim-

mering; of the streak shining. Fracture coarse splintery;

sometimes uneven, conchoidal, and even tending to coarse

fibrous. Fragments blunt-edged. Translucent on the edges.

Soft. Sectilc. Easily frangible. Does not adhere to the

tongue. Feels greasy. Specific gravity 2 - 6 I t. f Before the

blow-pipe loses its colour and hardens, but does not melt. Its

constituents are as follows :

Silica 59*5 45 0 .... 61'25 61 60*12

Magnesia . .30 5 24 75 26-2.5 22 SO' 15

Alumina . . — .... 9'25 .... 1 .... 3.... —
Lime — .... — .... 0*

j o . . . . — .... —
Oxideof iron 2 5 .... 1 .... 1 .... 5 . . . . 3 -02

Oxide of copper .... — .... — .... — .... 058
Potash .... — .... 0'75 . . . . — .... — .... —
Water 5 5 .... 18 0 .... 6 6 5 63

Loss 2 .... 125 . . . . 3*75 .... — .... *50

lOO'O 1 OO'OO t 100 00 100$ 100-00
jl

Sp. 7. Agalmatolitf, IVilihh ui, or l"igurc-\tone. **

This mineral, which was originally classed with steatite, is

brought from China, and is always cut into various figures
;

* Kirwan, L 151. Pott. Mem. Berlin, 1747, p. 57. Wiegleb. Jour, de
Phys. xxix. 60. Lavoisier, Mem. Par. 1778, p. 433. Brockant, i. 474.

llolfman, ii. % 236.

+ Prisson.

I Kiaproth, Beitrage, ii. 179. The first specimen from Baircuth, the se-

cond from Cornwall analysed in Beitrage, v. '2 1.

S Vauquelin, Ann. de Chim. 49, 83. The first specimen was the variety

called L'raie de Briancon. ,

||
Bucholz and Brandes, Schweigger's Jour. xx. '277. The specimen was

from Baireuth similar to the first specimen analysed by Kiaproth.
•• Hoffman, ii. 2. 244. Kiaproth, Beitrage, ii. 184. Vauquelin, Ann. de

Chim. xlix. 77.
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«ookin. hence the name. The attention of mineralogists was first
y m̂>̂ mmJ drawn to it by the analysis of Klaproth.

Colour greenish grey, yellowish grey, yellowish brown;
some varieties appear to be of a flesh red colour, and some are

spotted. Massive. Internal lustre scarce glimmering. Frac-

ture perfect splintery. Has a tendency to the slaty. Frag-
ments sometimes indeterminate angular, pretty sharp-edged

;

sometimes slaty. Translucent. Soft, and very soft. Sectile.

Feels rather greasy. Specific gravity from 2*785 to 2*815.*

Its constituents are as follows

:

t + + h § II II

Silica 54 62 56 54-5 55 55 51-5

36 24 29 34 33 30 32-5

1 2 1-75 3-0

0-75 0-5 1 0-75 0-5 1 1-75

Trace 1*
7 6-25 7 625 6

5-5 10 5 4 3 5-5 513
3 75 2-5 0-5 1-5 0 5

100- 0 100- 100 100-0 100 100-0 101-08

XVII. TALC FAMILY.

This family contains six species, namely, nephrite, serpentine,

potstone, talc, nacrite, and asbestus.

Sp. 1. Nephrite**

Jade.

This stone was formerly called lapis nephriticus, and was

much celebrated for its medical virtues. It is found in Egypt,

China, America, and in the Siberian and Hungarian moun-

tains. It is sometimes adhering to rocks, and sometimes in

detached round pieces. Werner divides it into two subspecies,

common nephrite and axe. stone.

Subsp. 1. Common.

Colour leek green ; sometimes greenish white. Massive and

in rolled pieces. Lustre usually dull ; sometimes glimmering

* Klaproth. + Klaproth, Beitrage, ii. 187.

| Vauquelin, Ann. de Chim. xlix. 83.

§ Klaproth, Beitrage, v. 21. The first from China, the second from

Nagyag.

|| John, Annals of Philosophy, iv. 214.

** Kirwan, i. 171. Bartolin, De Lapidc Ncphritico. Lehmann, Nov.

Comm. Petropol.x. 381. Hajpfner, Hist. Nat. de la Suisse, i. 251. Brochn:;*,

i. 407. Hoffman, ii. 2. 248.
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and silver white, from particles of talc and asbestus. Fracture chap. n.

coarse splintery
;
splinters greenish white. Fragments not re-

V
'-'

markably sharp-edged. Translucent. Hard. Rather tough.

Feels a little greasy. Somewhat brittle. Specific gravity

from 2*S66 to 3
-071.* Takes a good polish, but has a muddy

aspect ; cut into handles for knives, &c,

Subsp. 2. Axe-stone.

Colour between mountain and leek green. Massive. In-

ternal lustre glimmering. Fracture in the great, slaty; in the

small, splintery. Fragments tabular. Translucent. Hard.

Not very brittle. Rather tough. Sp.gr. 2-932. f Made
into hatchets, &c. by the natives of New Zealand, The con-

stituents ofnephrite are as follows:

Silica 50'3

Magnesia 31'0

Alumina 10*0

Oxide of iron 5*5

Oxide of chromium . . 0*0.5

Water 2-75

Loss 0-20

100-00$

Sp. 2. Serpentine.
§

This stone is found in amorphous masses, forming strata,

and even entire rocks. It occurs in great abundance in

many countries, particularly at Zobiltz in Upper Saxony, and

at Portsoy in Scotland, where it is known by the name of

Portsoy marble. Werner divides it into two subspecies, the

eOMMMMI and the precious.

Subsp. 1. Common Serpentine.

Colours various shades of green, yellow, and red. Several

colours usually occur together in stripes, dots, and clouds.

Massive. Internal lustre dull. Fracture sometimes splin-

tery, sometimes large flat conchoidal ; and also small-grained

uneven, passing into even. Translucent on the edges. Soft,

* Saussure, Gehlen's Jour. Second Series, ii. 453.
+ Breithaupt, Hoffman, ii. <2. 249.

t Kastner, Gehlen's Jour. Second Series, ii. 459.

^ Kirvvan, i. 156. Margraff, Mem. Berlin, 1759, p. 3. Bayen, Jour,
de IMiys. xiii. 46. Mayer, Crell's Annals, 1789, ii. 416. Brochant, i. 481.
Hoffmann, ii. 2. 255.
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Book in. scratched by calcareous spar. Passing into sectile. Rather
tough. Feels a little greasy. Specific gravity from 2- 574.*

to 2*604. f Docs not melt before the blow-pipe.

Subsp. 2. Precious Serpentine.

Colour dark leek green, passing into blackish green. Mas-
sive. Internal lustre glistening ; sometimes glimmering, resi-

nous. Fracture conchoidal; sometimes splintery. Fragments
in the conchoidal variety very sharp edged : in the splintery

less so. Translucent. Feels rather greasy. Soft. Specific

gravity from 2 561 to 2*7044 Its constituents are as follows.

The two first analyses are of common, the two last of precious

serpentine.

44 . . 32-00 . . 42-5 . . 43-07

Magnesia 44 . . 37-24 . . 38-6 . . 40-37

.. 10*60 . . 0*5

Alumina 2 . . 0-5 . . 0.25

Oxide of chromium 9 • •
"""""""

Oxide of iron .... 7'3 . . 0-6 .. 1-5 .. 1-17

Oxide of manganese 1-5
• «

1

* •

Volatile matter .... .. 14-16 . . 15-2 . . 12-45

. . 4-90 .. 2-19

100-8 § 100-00
|| ioo-o*# 100-00 ff

Sp. 3. Pot-slone.XX

This mineral is found in beds at Como, in the country of

the Orisons. It is said also to have been discovered in other

places.

Colour greenish grey. Massive. Internal lustre glistening,

pearly. Fracture sometimes curve-foliated, sometimes imper-

fect slaty. Fragments tabular. The foliated shows imperfect

granular distinct concretions. Translucent on the edges.

Very soft. Sectile. Feels greasy. Sp. gr. 2*622.§§ Rather

tough. Very refractory, and therefore used fijr lining fur-

naces. May be easily turned into culinary utensils ; hence

the name.

* Kinvan. f Breitliaupt. J Breithaupt.

§ Vauquelin. From Liguria.
||

Hisinger Afhanrilingar, iii. 303.

** John, Magnxin, Naturf- Freund, 4 Jahrg. 2 Quart, p. 114.

•ft Ilisingcr, Afliandlingar, iv. 341.

XX Kirwan, i. 155. Brochanr, i. 405. Hoffman, ii. 2.131.

§§ Werner.
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Sp. 4. Talc* {^p-^

This stone has some resemblance to mica, but is easily dis-

tinguished from it. It occurs sometimes loose, and sometimes

in an indurated form. It is divided into two sub-species.

Subsp. 1. Common Talc; Venetian Talc.

Occurs imbedded in serpentine. Colour apple green

;

greenish and silver white; asparagus green. Massive and in

very fine delicate tabular crystals. Lustre splendent ; inter-

nally pearly or semimetallic. Fracture straight and curved

foliated. Fragments wedge-shaped ; seldom splintery. Cleav-

age single. Translucent, in thin leaves transparent. Some-

times in granular distinct concretions. Leaves flexible, but

not elastic. Very soft. Sectile. Feels very greasy. Specific

gravity from 2*7 to 2'8.f Infusible before the blow-pipe

without addition. By this property it is distinguished from

chlorite.

Subsp. 2. Indurated Talc.

Occurs, like the preceding, in primitive mountains. Colour

greenish grey. Massive. Lustre shining pearly. Fracture

between imperfect foliated anil curve slaty. Fragments slaty.

Translucent, at least on the edges. Soft. Sectile. Easily

frangible. Feels rather greasy. Has a strong resemblance

to pot-stone. Specific gravity 2*7954 1'lc constituents of

this mineral are as follows :

...62 . .. 62

...27 ...

. . . 2-75

. . . 3-5 .. . , ,
2'5

Water ... 0-5

... 1-75

lOO'O § 100-00

Sp. 5. bVacrite. Talcite of K irwan.

This mineral occurs in cavities of primitive rocks. It was
constituted a particular species by Brogniart.

• Kirwan, i. 150. Pott, Mem. Berl. 1746. p. G5. Ilaiiy, iii. 252.
Brochant, L 486. Hoffmann, ii. g, 267.

t Kirwan. J Breithaupt. § Vauquelin, Ann.de Chim. xlix. 77-

II Klaproth, Beitrage, v. 63. The specimen was from St. Gothard.
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Colours cream yellow, greenish white, and greenish grey.
It consists of scaly parts which are more or less compacted.
Strongly glimmering and pearly inclining to resinous. Friable.

Feels rather greasy. Soils. Gives out a clayey smell when
breathed upon. Light. Its constituents, according to the

analysis of John, are as follows

:

Silica 60*20

Alumina 30'83

Oxide of iron 3*55

Water 5*00

Lime Trace

Loss 0*42

100-00 *

Sp. 6. Asbestus. f

This mineral was well known to the ancients. They even

made a kind of cloth from one of the varieties, which was
famous among them for its incombustibility. It is found in

primitive mountains, especially in serpentine, which it traverses

in veins. Werner divides it into four subspecies.

Subsp. 1. Elastic Asbestus, or Rock-cork.

Colours yellowish grey; yellowish and greyish white: pale

ash grey; yellowish brown and cream yellow. Sometimes

shows ochre yellow spots. Massive and in plates. Lustre

dull ; of streak shining. Fracture very fine promiscuous

fibrous, which on a slight inspection appears finegrained un-

even. Opaque, or translucent on the edges. Very soft; re-

ceives an impression from the nail. Sectile. Flexible and

elastic. Very tough. Cracks when handled. Feels meagre.

Specific gravity from 0-993 to 0*6804 Melts with great dif-

ficulty before the blow-pipe.

Subsp. 2. Amianthus.

Colours greenish white; greenish grey; olive green: some-

times blood red. Massive, and in plates, and in capillary

crystals. Internal lustre glistening; sometimes splendent,

pearly. Fracture very delicate, parallel fibrous. Fragments

* Ann. de Chim. lxvii. 2G4.

t Kirwan, i. 159. Bergman, iv. 160. Plot, Phil. Trans, xv. 1051.

Nebel, Jour, clc Pliys. ii. 68. Ibid. iii. 367. Haiiy, iii. 245. Brochant,

i. 492, Hoffman, ii. 2. 277.

X Brisson,.
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thin splintery. Translucent on the edges. Very soft. Sectile. chip- ir.

Flexible and somewhat elastic. Splits easily. Tough. Spe-

cific o-ravitv from 0-9888 to 2-3134. • Melts with difficulty

before the blow-pipe.

Subsp. 3. Common Asbestus.

Colours dark leek and mountain green ;
greenish grey.

Massive and in capillary crystals. Internal lustre glistening,

pearly. Fracture parallel radiated, and parallel curved fibrous.

Fragments splintery. Translucent on the edges. Soft. Tough.

Not flexible. Feels rather greasy. Specific gravity 2-547.f

to 2-594. % Melts with difficulty into a greyish black scoria.

Subsp. 4. Ligniform Asbestus or Rock-Wood.

Colour wood brown. Massive and in plates. Internal

lustre glimmering. Fracture in the great curve-foliated; in

the small promiscuous fibrous. Fragments slaty. Soft. Sec-

tile. Tough. Somewhat flexible and elastic. Feels meagre.

Specific gravity 1-534.J

The following table exhibits the constituents of the preced-

ing subspecies, as far as they have been analysed

:

Rock-cork. Ami* nthu*. Asbrsto*.

§ * II II

##
ft

ei 562 64 64 72 59 63-9

Alumina 2-8 2 2-7 3'3 33 3 11

10 12-7 139 6'9 10-5 95 12-8

Magnesia .

.

22 261 17-2 18-6 129 25 160
Oxide of iron 32 3 2-2 1-2 1-3 2-25 6 0

Barytes .... 6

Loss 1-25 0-2

100-0 100-0 I oo-o 100-0 100-0 100-00 100-0

• Brisson. + Kirwan. J Breithaupt.

§ Bergman, if, 169 and 170. The lime and magnesia were in the state

of carbonates.

||
Bergman, ibid. p. 161, 164, and 168. The magnesia and lime were in

the state of carbonates. First specimen from Svartvik in Dalecarlia; se-

cond from Tarentaise ; third from Corias in Asturias.
•• Chenevix, Aim. deChim. xxviii. 201.

ft Bergman, iv. 170. From Graenge in Dalecarlia.
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Book nr.

Hornblende

family.

XVIII. HORNBLENDE FAMILY.

This family contains nine different species; namely, horn-

blende, caranihine, calamite, actinolite, tremolite, cyanite, rhecti-

zite, diallage, and hyperstene.

Sp. 1. Hornblende.*

Amphibole of Haiiy.

This mineral enters into the composition ofmany mountains.

It is often amorphous, but frequently also crystallized. The
primitive form of its crystals is a rhomboidal prism, the faces

of which are inclined at angles of 124-° 34' and 55° 26', and
whose bases have angles of 122° 56' and 57° 4'. The most
common variety is a six-sided prism, terminated by trihedral

or tetrahedral summits. This species is divided into three

subspecies.

Subsp. 1. Common Hornblende.

This mineral forms one of the constituents of the rocks

called syenite and green stone. Colour greenish black, some-

times approaching to grey and velvet black ; sometimes to

greenish grey. Massive, and sometimes crystallized in prisms

which intersect each other, so that it is difficult to determine

their figure. Internal lustre shining pearly. Fracture usually

foliated, sometimes radiated. Surface of the fracture streaked

longitudinally. Cleavage of the foliated varieties double.

Fragments usually indeterminate; sometimes approach the

rhomboidal. In granular distinct concretions. Black varie-

ties opaque, green, translucent on the edges. Streak mountain

green. Semihard. Tough. Specific gravity 3'260.f When
moistened, exhales a bitter smell. Before the blow-pipe melts

into a black glass.

Subsp. 2. Hornblende-Slate.

Occurs in beds in clay-slate, and is very common. Colour

between greenish and raven black. Massive. Internal lustre

shining, pearly. Fracture in the great, slaty ; in the small,

promiscuous radiated. Fragments sometimes tabular. Streak

greenish grey. Semihard. Not particularly easily frangible.

Sp. gr. 3-052. f

* Kirwan, i. 213. Hniiy,iii.58. Brochant, i. 415. Hoffmann, ii. 2. 146.

f Breitliaupt. \ Breithaupt.
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Subsp. 3. Basallie Hornblende.

Found imbedded in basalt and wacka. Colour velvet black, chap. it.

Always in single crystals. The form of the crystals is that v~"~
/

described under the general character of the species ; for the

amphibole of Haiiy refers particularly to this subspecies. Sur-

face smooth. Lustre of the principal fracture splendent ; of

the cross fracture glistening, vitreous. Principal fracture per-

fect straight foliated, with a double obliquely intersecting

cleavage. Cross fracture fine-grained uneven. Opaque.

Semihard. Pretty brittle. Rather easily frangible. Specific

gravity 3 250.* Melts into a black glass, but is more refrac-

tory than common hornblende. The constituents of this

mineral are as follows :

Silica 37 .. 42 .. 42 .. 47

Alumina 27 .. T69 ..12 ..26
Lime 5 . . 9'8 . . 11 . . 8

Magnesia 3 .. 109 .. 2*25 .. 2

Potash — . . — . . Trace . . —
Oxide of iron 25 .. 22 69 ..30 ..15
Oxide of manganese — .. 1*15 .. 0 25 .. —
Water — .. — .. 0'75 .. 0*5

Loss 3 .. 5'77 .. 1'75 .. 15

lOOf 100 00 % 100 00 § ioo-o|i

Sp. 2. Curanthine**

This mineral was constituted into a peculiar species by

Werner, chiefly on account of its hardness, which consider-

ably eaotcdfl that of hornblende. The observations of Haiiy

leave little doubt that it is merely a variety of hornblende;

for it exhibits two natural cleavages meeting at an angle of

124° 34', which is precisely the angle of hornblende. Wer-
ner named it from Carinthia, the country from which it comes.

Colour greenish black. Always massive. Principal frac-

ture specular splendent; cross fracture shining, vitreous.

Principal fracture foliated with a two-fold cleavage meeting at

• Haiiy.

f Hermann, Beob. der Berlin, v. 317. Common hornblende.

% Lnugier, Ann. de Mus. d'Hist. Nat. v. 79. Common hornblende.

§ Klaproth, Beitrage, v. 150. Common hornblende.

|| Klaproth, ibid. Basaltic hornblende.
*• Hoffmann, iv. 3. 103.
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^ an angle of 124° 34-'. Cross fracture small conchoidal. Frag-
ments frequently rhomboidal. Composed of large or small

angular concretions. Translucent on the edges. Hard.
Brittle. .Specific gravity 3*21 5.*

Sp. 3. Calamite.-f

This mineral, which occurs in the mine of Brattforss, at

Normark in Sweden, has been named by Werner from the

reed-like shape of its crystals. It is obviously connected with

hornblende or tremolite, and probably only a variety.

Colour asparagus green. Always crystallized in reed-like

crystals whose acute edges are truncated, the nature of which

has not yet been well made out. The faces of the crystals are

striated longitudinally. External lustre shining, internal

splendent, vitreous. Fracture foliated with a two-fold cleav-

age meeting at the same angle as in hornblende and tremolite.

Cross fracture small grained uneven. Transparent. Hard.

Easily frangible.

Sp. 4. Actinolite.

£

Stralstein of Werner.

This mineral occurs chiefly in beds in primitive mountains.

It is subdivided, into four subspecies.

Subsp. 1. Asbestous Actinolite.

Colours greenish-grey, mountain-green, smalt-blue, olive-

green, yellowish and liver-brown. Massive and in capillary

crystals, which are sometimes a little flexible and elastic. In-

ternal lustre shining, pearly. Fracture between fibrous and

narrow radiated. Fragments wedge-shaped. In coarse wedge-

shaped distinct concretions. Opaque. Soft. Rather sectile.

Tough. Specific gravity 2\584§ to 2*91 6.
|{

Melts before the

blow-pipe into a black or grey scoria.

Subsp. 2. Common Actinolite.

Usual colour leek-green; sometimes pistachio and olive-

green; blackish-green. Massive, and crystallized in very

oblique six-sided prisms. Primitive form of its crystals, ac-

cording to Haiiy, is a four-sided prism whose bases are

* Werner. t Hoffmann, iv. 2. 122.

\ Brochant, i. 504. Haiiy, iii. 73. Hoffmann, iv. 2. 293.

§ Kirwan. 11
By my trial.
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rhombs, and which lie presumes to be the same with the pri- chap. ti.

mitive form of hornblende. Crystals often longitudinally

streaked: large and often acicular. External lustre splendent;

internal shining, between resinous and vitreous. Fracture

commonly radiated, and usually scopiform and diverging;

sometimes foliated with an indistinct two-fold cleavage. Frag-

ments sometimes wedge-shaped and splintery. In wedge-

shaped and granular distinct concretions. Massive varieties

translucent. Crystals transparent. Semihard. Pretty brittle.

Tough. Specific gravity 3'332 to 3'482 *

Subsp. 3. Glassy Actbiolile.

Principal colour mountain-green, passing to greenish-grey

and to emerald-green. Massive, and in thin six-sided acicular

crystals. Lustre shining, vitreous. Fracture promiscuous

fibrous, and narrow scopiformly diverging radiated. Frag-

ments splintery and wedge-shaped. In prismatic distinct con-

cretions, inclosing smaller ones. Translucent. Brittle. Easily

frangible. Has cross rents. Semihard. Specific gravity

from 3-175 1 to 3230*

Subsp. 4. Granular Acthwlite.

Colour grass-green. Massive. Internal lustre shining and

vitreous. Principal fracture imperfect foliated with a two-

fold cleavage : cross fracture splintery. In granular distinct

concretions. Faintly translucent. Semihard. Brittle. Easily

frangible. Specific gravity $*8£0.$ The constituents of these

subspecies, as far as they have been analyzed, are as follows:

• Breithaupt . f Karsten. $ Werner.

VOL. III.
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. 33'4 . . 47 .. 64 .. 50
Alumina . 28-2 . . 2-7 .. 0*75
Lime

. 1-046.. 11-3 9-3 .

.

Q-7'5

Magnesia
• 0-6 .. 7-3 .

.

20
17-15 .. 20 4. l 1

i X

Oxide of manganese . 7*2 10 u o
Tungstic acid . 3-84 ..

Oxide of chromium

1

. 3-8 .

.

• • •
— — 0-5

. 1-7 .. 1 • 5

2'064 .

.

4'4 0'25

100-000* 100-Of ioo-o| 100-00

Sp. 5. Tremo/i/e.
||

Grammatite of Haiiy.

This mineral occurs chiefly in primitive mountains, and
usually in lime-stone. It was first observed at Tremola in

Switzerland ; hence the name. It is subdivided into three

subspecies.

Subsp. 1. Asbestous Tremolite.

Colour yellowish-white; also greyish, reddish, and green-

ish-white. Massive and in capillary crystals. Internal lustre

glistening, pearly. Fracture fine fibrous, either straight or

scopiform diverging. Fragments splintery and wedge-shaped.

In wedge-shaped prismatic concretions. Translucent on the

edges. Very soft. Very easily frangible. Sectile. Specific

gravity 2*778.##

Subsp. 2. Common Tremolite.

Colours greyish, greenish, yellowish, and reddish-white;

pale asparagus-green ; dark smoke-grey. Sometimes massive,

sometimes crystallized. Primitive form of the crystals, ac-

* By my analysis, Annals of Philosophy, iv. 209. Asbestous actinolite

from Cornwall.

f Vauquelin, Haiiy, iv. 335. The variety of asbestous actinolite called

bj/ssolite.

J Bergman, Opusc. iv. 172.

§ Laugier, Ann. du Muse. d'Hist. Nat. v. 79. Glassy actinolite.

||
Brochant, i. 514. Haiiy, iii. 227. Hoffmann, ii. 2. 305.

* » Breithaupt.
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cording to Haiiy, is a rhomboids! prism, whose sides are in- chap. n.

clined to each other at angles of 126° 52' 12" and 53° ¥ 48."
V *~

It usually occurs in four-sided prisms, terminated by dihedral

summits; and not unfrequently the two acute edges, or all

the four, are truncated. Crystals middle-sized and small.

Internal lustre shining, pearly. Fracture sometimes broad

radiated, sometimes foliated; both streaked ; the latter appears

to have a two-fold longitudinally intersecting cleavage. Cross

fracture uneven. Fragments usually indeterminate; sometimes

somewhat cubical. The massive variety is in granular distinct

concretions. Translucent; crystals semitransparent. Semi-

hard. Rather easily frangible. Specific gravity 2*9257 to

3.200*

Subsp. 3. Glassy Tremolite.

Colours yellowish, reddish, greyish, and greenish-white.

Massive and crystallized. Internal lustre shining; passing to

glistening, pearly. Fracture very narrow radiated. Has pa-

rallel oblique cross rents, like the shorlite. Fragments usually

splintery. Composed of thin prismatic distinct concretions,

which are collected into thick ones. Translucent. Very
easily frangible. Brittle. Specific gravity 3*091.t Melts

before the blow-pipe into a white cellular scoria.

The constituents of these subspecies, as far as they have
been analyzed, are as follows:

Silica 59-2H 65 35 5 28-4 41 50
Magnesia 22-133 10-33 16-5 13 1525 25

15-200 18 265 306 15 18
Oxiile of iron . .

.

1-311 0 16
Oxide of man- ~>

1-000

0-888

Carbonic acid ")

0-020 6-5 23and water . . J
23 23 5

0-204- 001 5-75 2

100-0001 100 § 1015
||

100
1| ;

loo
ii

iooh

* IIa"y- + Breithaupt.

X llisinger, Afhandlingar, iv. 378. Common tremolite.

§ Klaproth, Crell's Annals, 1790, i. 54. Glassy tremolite.

||
Laugier, Gehlen's Jour. Second Series, ii. 46. Glassy tremolite from

St. Gotliard.

2 B 2
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Sp. 6. Cyanite.*

Sappare of Saussure. Disthene of Haliy.

This stone was first described by Mr. Saussure the son, who
gave it the name of sappare.f It is commonly found in talc

and mica slate. The primitive form of its crystals is a four-

sided oblique prism, whose sides are inclined at an angle of
103°. The base forms with one side of the prism an angle of
103°; with an other, an angle of 77°. It is sometimes crystal-

lized in six-sided prisms.

J

Colour various shades of blue; as smalt, berlin, sky; also

milk-white, bluish-grey, and pearl-grey. Some specimens

entirely blue, others only spotted with it. Massive and crys-

tallized. Internal lustre shining, pearly. Fracture very

broad, diverging, promiscuous radiated; passes sometimes

into curve foliated. Fracture of the crystals foliated with a

threefold cleavage. Fragments slaty, splintery, wedge-

shaped, and sometimes imperfect rhomboidal. In wedge-

shaped distinct conditions. Translucent and transparent.

Refracts singly. Slightly flexible. Semihard. Approaching

sectile. Feels somewhat greasy. Specific gravity from 3*517

to 3" 618. § Infusible before the blow-pipe.

The constituents of this mineral are as follows :

30 . . 38*8 . . 43

Alumina .... 55 . . 55-5 . . 55-5

Magnesia . . .

.

2 .

2 . . 0-5

. . Trace

Oxide of iron 6 . . 2-75 . . 0'5

. 0-75 • •
—

—

5 . . 1-70 . . ro

iooH loo-oo** ioo-o ft

' Sp. 7. Rhcetizite.%%

This mineral occurs at Pfizsch, in the Tyrol, and has been

* Kirwan, i. 209. Sage, Jour, de Phys. xxxv. S9. Haiiy, iii. 220. Bro-

chant, i. 501. Hoffmann, ii. 2. 313.

f Jour, de Phys. xxxiv. 213.

X Haiiy, Jour, de Min. JMo. xxviii. 282.

§ Saussure, junior.
||
Saussure, junior, Jour, de Phys. 1793, ii. 13.

** Laugier, Gehlen's Jour. iv. 535.

ft Klaproth, Beitrage, v. 10.

\l Hoffmann, iv. 2. 128.
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lately constituted into a particular species by Werner. It seems

formerly to have been considered as a variety of cyanite.

Its colours are cream-yellow and brick-red. Massive.

Glistening and lustre pearly. Fracture radiated, long, and

narrow, and either parallel, scopiform, or promiscuous.

Feebly translucent on the edges. Soft. Streak-white. Diffi-

cultly frangible. Specific gravity 3*100.

Sp. 8. Dial/age.

Under this name I include the schi/lerspar, diallage, and

bronzite of the Germans, because Ha'uy has shown that the

primitive form of these three minerals is the same. I shall

describe them as three subspecies.

Subsp. 1. Schiller stone.

Colour various shades of green ; it occurs also brown, yel-

low, and white. Occurs in plates, sometimes indeterminate,

sometimes round or hcxangular. Principal fracture splendent

and metallic; that of the cross fracture splintery, sometimes

passing into fibrous. Opaque; but translucent when in thin

plates. Streak greenish-grey and dull. Sectile. Scratched

by common hornblende. Very slightly common flexible.

Feels meagre.

Subsp. 2. Diallage, or smaragdife.

Colours grass-green, apple-green, and hair-brown. Mas-
sive and disseminated. Lustre shining and scmimetallic.

Fracture foliated with a double nearly rectangular cleavage.

Fragments indeterminate angular. Translucent on the edges.

Semihard. Brittle. Difficultly frangible. Specific gravity

3- 140.

Subsp. 3. Bronzite.

Colour intermediate between yellowish-brown and pinch-

beck-brown. Massive and disseminated. Lustre shining and

semi-metallic. Fracture foliated, fracture surface streaked.

Fragments blunt-edged. In granular distinct concretions.

Opaque in mass; but transparent in thin folia. Streak white.

Semihard. Brittle. Easily frangible. Specific gravity 3*200.

The constituents of these three subspecies are as follows:
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Book III.

Scliillerstone.

Silica 52

Alumina 23-33 .

Diallage. Bronzite.

Lime
Magnesia

Oxide of iron .

Ox. of chrom.

.

Ox. of copper

.

Water
Loss

7

6

17-5

50

11

13

6

7'5

1-5

5-5

60

27-5

10-5

0- 5

1- 5

105-83* 100-OOf 100-0 $

Sp. 9. Hyperstene.^

This mineral has been hitherto observed only on the coast

of Labrador, from which it was brought by the Missionaries,

and was long distinguished by the name of Labrador horn-

blende. Haiiy constituted it into a peculiar species under the

name of hyperstene ; and Werner gave it a distinct place in

his system under the name of paulite.

Colours greyish-black, greenish-black, and brownish-black.

Internally it reflects a colour intermediate between copper-

red, pinchbeck-brown, and iron-grey. Hitherto it has been

found only in rolled pieces. Internal lustre shining and

semimetallic. Fracture foliated with a twofold cleavage, in

which the folia meet under angles of 80° and 100°. Frag-

ments oblique rhomboidal. In granular distinct concretions.

Opaque. Sti-eak greenish-white. Scratches common horn-

blende. Specific gravity 3*385.
||

Infusible before the blow-

pipe. Its constituents are as follows

:

Silica 54*25

Magnesia 14*00

Alumina 2*25

Lime 1*50

Oxide of iron 24*50

Oxide of manganese . Trace

Water 1*00

Loss 2*50

100*00**

* Ileyer, Brochanl's Mineral, i. 42t.

f Vauquelin, Ann. de Chita, xxx. 106.

^ Hoffmann, ii. 2. 143

** Klaproth, Gchlcn's Journal, Second Scries, v. 212.

J Klaproth, Beitrage, v. 34.

||
Brogniart.
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XIX. CHRYSOLITE FAMILY.

This family contains five species, namely, baikalite, fassaile, chap. n.

augite, chrysolite, and olivine. a^ute'

Sp. 1. Baikalite*

This mineral was first found by Laxmann on the borders

of the Baikal sea, and brought by him to Petersburg, where it

passed under the name of a schorl. Werner constituted it a

distinct species, and gave it the name which it bears. It is

obviously intimately connected with sahlite, and therefore in

all probability only a variety of augite. It is said to have been

found also in Sweden.

Colour usually blackish-green. It occurs massive and crys-

tallized in low four-sided prisms, slightly oblique. The mea-

surements of the angles agree exactly with those of augite and

sahlite. The faces of the prism are streaked longitudinally.

Lustre shining, resinous. Fracture foliated with a triple

cleavage; two of the cleavages parallel to the faces and one

to the base of the prism. The ma.ssive varieties composed of

angular distinct concretions. Transparency varies from
translucent to opaque. As hard as felspar. Brittle. Before

the blow-pipe it melts into a greeni>h glass and exhibits the

same appearances as sahlite. Its constituents, according to the

analyses of Lowitz, are as follows •

Silica 44-

Magnesia .SO

Lime 20
Oxide of iron 6

100

Sp. 2. Fasxaite.f

This mineral, which was named by Werner from Fassa in

the Tyrol, the place where it occurs, is obviously only a
variety of augite. It would be better therefore to place it as
a subspecies of that mineral.

Colour blackish and leek-green. It occurs likewise aspa-
ragus-green. It occurs massive and crystallized in four-
sided prisms, the angles of which correspond exactly with
those of augite. Internal lustre glimmering, external shinin",

• Hoffmann, ir. 2. 105. t Ibid. 2. 110.
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vitreous. Fracture sometimes foliated with a double cleavage.

When this cannot be observed, the fracture is small-grained

uneven. Translucent on the edges. Hard in a moderate

degree. Brittle. Easily frangible. Specific gravity 3-30.

Before the blow-pipe it exhibits the same phenomena as

coccolite.

Sp. 3. Angite.

Under this species I include the sahlite augite, and diopside

of mineralogists, because Haiiy has shown that they have all

the same primitive form. But it will be worth while to de-

scribe each of them separately as subspecies.

Subsp. 1. Augite.*

Pyroxene of Haliy

—

Volcanite of Delametherie

—

Octahedral

Basalline of Kirwan.

This mineral is found in basalt. It is sometimes in grains,

but most commonly in crystals. The primitive form of its

crystals is an oblique-angled prism, whose bases are rhombs

with angles of 92° 18' and 87° 42'.f It is generally crystal-

lized in six or eight-sided prisms, terminated by dihedral sum-

mits. £ Crystals mostly small, but complete.

Colour blackish-green, sometimes passing into leek-green,

and rarely to liver-brown. Internal lustre shining, resinous.

Fracture uneven, passing into imperfect small conchoidal.

The crystals pass into perfect foliated with a double cleavage.

Fragments sharp-edged. Translucent. Scratches glass.

Easily frangible. Specific gravity from 3'2265 § to 3-4-771.
||

Before the blow-pipe it is with difficult}- converted into a

black enamel.

Subsp. 2. Sahlite.**

Malacolite of Abilgaard and Haiiy.

This mineral was first observed in the silver mine of Sahla

in Vestmanland ; hence the name. Afterwards it was found

in Norway.

* Kirwan, i. 219. Brochant, i. 179. Haiiy, iii. 80. Hoffmann, i. 448.

The mineral called coccolite by D'Andrada is a granular variety of augite.

f llaiiv, Jour, dc Min. xxviii. 209.

f De Lisle, ii. 398. § Haiiy- II
Werner.

• « Haiiy, iv. 379. Brochant, ii. 518. Hoffmann, ii. 2. 319. Bournon,

Jour, de Min. No. lxxiv. p. 108.
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Colour light greenish-grey. Massive. Internal lustre <**P-

shining. Principal fracture foliated ;
cleavage threefold.

Fragments frequently rhomboidal. Composed of very coarse

granular distinct concretions. Translucent on the edges.

Semihard. Brittle. Easily frangible. Specific gravity from

3-2368 to 3-2307.* Melts before the blow-pipe into a trans-

parent glass.

Subsp. 3. Diopside.f

Musslte and Alalite of Bonvoisin.

This mineral occurs in the Picdmontese Alps, and was dis-

covered by Bonvoisin, and described by him in the Journal de

Physique for May 1806. Specimens of it were sent to Paris,

where it was examined by Haiiy ; and from its peculiar cha-

racters constituted by him into a new species, under the name

of diopside, from the appearance of its primitive crystals. He
afterwards found that the crystals ngrce with those of augite.

It occurs sometimes amorphous, but most commonly crys-

tallized. The principal varieties of the crystals are :

—

1. The primitive form :—2. A didodecahedral crystal consisting

of a twelve-sided prism, terminated at each extremity by six

faces, situated two and two, one above the other. Sometimes

it is compact, and sometimes in cylindroidal prisms. The
crystals of the variety called mussite are small, elongated, and

commonly opaque. Those of the variety called nluiitt are

larger, translucid, and of a greenish-white colour. Colour

green, greenish-grey, greenish-white, and yellowish-white.

Lustre shining and vitreous. Fracture foliated. Translucent.

It scarcely scratches glass, but it scratches fluate of lime.

Specific gravity 3 -237i. Before the blow-pipe it fuses into a

glass of the same greenish colour as the mineral itself.

The constituents of these minerals are as follows

:

* Haiiy and D'Andrada.

f Haiiy and Tonnelier, Nicholson's Jour. ixii. 14. Hoffmann, i. 467-
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Book nr.

Aucite. Salilltr.
Drop*

lite.

* t t + t
? 11

# * 4. 4.T T

48 00 u oz 53 54-18 •* I

Li in

c

24 Ul.tlz'O 1 A
1 4 i > - 94. 20 22*72

13-75 12-75 I 0 i n1 u 19 17-81 lo •-.>

5 5-5 5-75 3-33 1-5 3 —
Oxide of iron , , ,

.

12 1 1 "U 14 4b 14-G6 7 2-18
Oyirff* fif tnnntrV ' \ 1 U l. W I lllilli' . , . 1 Trace 0-25 O 4 1-45

Potash Trace Trace
1 0-25 1-20

1*25 1-25 2-75 4-81 4-5 1 0-4C 2-25

100-00 100-00 100 0 1000C 100 00 100 100-00 10000

Sp. 2. Chrysolite. XX

Peridot of the French

—

Topaz of the ancients.

The name chrysolite was applied, without discrimination, to

a great variety of stones, till Werner denned it accurately,

and confined it to that stone which the French chemists dis-

tinguish by the appellation of peridot. This stone, found

principally in Upper Egypt, is the topaz of the ancients ; their

chr}'solite is now called topaz. §§
The chrysolite is found in angular fragments, in grains, and

crystallized. The primitive form of its crystals is a right-

angled parallelopiped, whose length, breadth, and thickness,

areas 5, V 8, V 5. The edges of the prism are usually

truncated. The lateral planes are longitudinally streaked.

Colour pistachio-green, sometimes approaching olive-green,

grass-green, or even broccoli-brown. External lustre of the

crystals splendent; internal • splendent, and vitreous. Frac-

ture perfect conchoidal. Fragments sharp-edged. Transparent.

Causes double refraction. Hard. Scratches felspar. Brittle.

* Klaproth, Gehlen's Jour. Second Series, v. 199. Black augite from

Frascati.

•|- Klaproth, Beitrage, v. 165. The first black, and of the specific gravity

3-333 ; the second green, and of the specific gravity 3-280.

X Vauquelin, Jour, de Min. No. lxxxix. p. 172.

§ Vauquelin, Hatty, iv. 357. II
Ibid. p. 382.

** Hisinger, Af handlingar, iii. 300.

ft Laugier, Ann. du. Mus. d'llist. Nat. ii. 157.

JjKirwan, i. 262. Carthetiser, Min. 94. Dolomieu, Jour, de Min.

No. xxix. 365. La Metherie, Nouv. Jour, de Phys. i. 397. Brochant,

i. 170. Haiiy, iii. 198. Hoffmann, i. 429.

Plinii, Lib. xxxvii. c. 8.

|| ||
Haiiy, Jour, dc Min. No. xxviii. p. 281.
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Easily frangible. Specific gravity from 34-10 to chap. ir.

Infusible at 150° Wedgewood, but loses its transparency, and

becomes blackish-grey.f With borax it melts without effer-

vescence into a transparent glass of a light-green colour. In-

fusible with microcosmic salt, X and fixed alkali. §

Sp. 3. Olivine.
\\

This species has been united with the preceding by Haiiy,

on account of the sameness of the primitive form of the crys-

tals. It occurs chiefly in basalt, and is very common, usually

in roundish pieces or grains, though sometimes crystallized

in rectangular four-sided prisms.

Colour intermediate between asparagus and olive-green.

Internal lustre shining, resinous. Fracture imperfect small

conchoidal. Fragments sharp-edged. Often in small-grained

distinct concretions. Semitranspannt. Very easily frangi-

ble. Hard. Specific gravity 3'225** to S-265.+t Nitric acid

dissolves its iron, and deprives it of its colour. Infusible

before the blow-pipe. Melts with borax into a dark-green

bead. The constituents of ihcsc two species arc as follows :

Chrysolite. Olivine.

§§ llll
*** ttt

Silica 39-0 38'0 50'0 .52*00

Magnesia .. t3'5 .... 505 .... 38 50 .... 37'75

Lime — .... — 025 0*12

Iron oxide . . lD'O .... 95 . . . . 1200 .... 10*75

T ncc QXjUjj llll al .... m .... ....

101*5 100-0 100 75 10062

XX. BASALT FAMILY.

This family contains four species, namely, basalt, u acka, WmM r»-

cUnk-stone, and iron clay.
m"J '

• Werner. f Kirwan's Min. i. 263.

J Yauquelin, Ann. de Chim. xxi. 97. § Kirwan, i. 263.

||
Kirwan, i. 263. Lelievre, Jour, de Phys. xxx. 397. Brochant, i. 175.

Hoffmann, i. 437. Haiiy, iii. 205.

*• Werner. +f Klaproth. JJ Kirwan, i. 264.

§§ Klaproth, Beitrage, i. p. 110.

UK Vauquclin, Ann. de Chim. xxi. 97.
••• From Unkel. Klaproth, Ibid. p. 118.

ttt From Karlesberge. Klaproth, Ibid. p. 128.
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Sp. 1. Basalt*

This mineral is confined to the floetz trap formation, but
occurs abundantly in almost every country, and in none is it

more common than in Scotland. Colours greyish-black;
ash-grey, inclining to brown ; sometimes nearly raven-black.
Massive. Internal lustre commonly dull; sometimes glim-
mering, from foreign particles. Fracture usually coarse-
grained, uneven ; sometimes imperfect large conchoidal and
fine splintery. Fragments not sharp-edged. Mostly in co-
lumnar distinct concretions of various sizes, sometimes in

globular distinct concretions; sometimes tabular. Usually
opaque; sometimes translucent on the edges. Streak light

ash-grey. Semihard. Brittle. Tough. Specific gravity

from 2*864 f to 3;225. X Melts before the blow-pipe into an
opaque black glass.

Sp. 2. Wacka.§

This species, like the preceding, is confined to the floetz

trap formation, and occurs in beds and veins. It constitutes

the basis of amygdaloid.

Colour greenish-grey of various degrees of intensity. Mas-
sive and vesicular. Lustre dull. Fracture even; sometimes

imperfect flat conchoidal, sometimes uneven and earthy. Frag-

ments blunt-edged. Never in distinct concretions. Opaque.

Lustre of streak shining. Sectile. Soft. Easily frangible.

Specific gravity 2*24.9 to 2 '595.
||

Melts like basalt.

Sp. 3. Clink-stone.**

This mineral, like the preceding, belongs to the floetz trap

formation, and is common in Germany, Scotland, &c.

Colour dark greenish-grey, sometimes passing into yellowish

and ash-grey. Massive. Lustre of the cross fracture dull

;

of the principal fracture glimmering. Cross fracture splintery

;

passing into conchoidal and even
;
principal fracture slaty.

Fragments mostly sharp-edged, sometimes tabular. In irre-

gular columnar and tabular distinct concretions. Translucent

* Kirwan, i. 231. Brochant, i. 430. Hoffmann, ii. 2. 162.

f Brisson. J Breithaupt.

§ Kirwan, i. 223. Brochant, i. 434. Hoffmann, ii. 2. 175.

||
Bricthaupt.

** Brochant, i. 437. Klaproth, iii. 229. Hoffmann, ii. 8. 180.



STONES. 381

on the edges. Semihard. Brittle. Easily frangible. Specific chap.u.

gravity 2*575.* When struck with a hammer sounds like a
^""^"""^

piece of metal. Melts easily, and gives a glass nearly colourless.

Sp. 4. Iron Clay.\

This mineral likewise belongs to the floetz trap formation,

and seems, till lately, to have been confounded with wacka.

It was named by Werner from the great proportion of per-

oxide of iron which it contains.

Colour brownish-red; sometimes approaching reddish-

brown and blood-red. Almost always contains vesicles. In-

ternal lustre dull. Fracture fine earthy; sometimes inclining

to conchoidal. Soft. Easily frangible. Specific gravity 2*785. %
The following table exhibits the constituents of the preced-

ing species, as far they have been ascertained by analysis

:

lia-alt. Clinkstone

i II

. 48 . . .. 44 5 . . . . 57*25

. .. 16 75 . • • 2 «j 5

.. 9 . • • • 5 • . . . 2-75

• • • 2* 2o m • • i
1

. . 4 . ... 2*6 . . .. 81
Oxide of iron .

.

.. 16 . ... 20 . . . 3 25

Oxide of mang. . .. 012 . . .. 025
Muriatic acid .

.

. 1 . • • • " " '

Water 5 • ... 1 ... 3

. 1 . ... 2*28 . . .. 1-9

100 10000 100-00

ORDER II. SALINE STONES.

Under this order are comprehended all the minerals which Saline

have an earthy basis combined with an acid. The minerals
*tooe*'

belonging to it are of course salts, and as such have been de-

scribed in a former part of this work; but as they occur

native in states which cannot always be imitated by art, it

will be necessary to take a view of them as they are found in

the earth. They naturally divide themselves into five genera,

as only five earths have hitherto been discovered native in

• Klaproth. f Hoffmann, ii. 2. 184.

J Breithaupt.
§ Kennedy, Edin. Trans, v. 89.

U Klaproth, Beitrage, iii. 253. lie found also traces of muriatic acid.

•• Klaproth, iii. 229.
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Book nr. combination with an acid. These earths are, lime, barytes,
K*~*s—' strontian, magnesia, and alumina. The species belonging to

each genus might be arranged according to their external

characters ; but as their constituents afford well marked and

important characteristics, it will answer our purpose better to

arrange each mineral according to its composition. The fol-

lowing table ^exhibits a view of the different saline stones

arranged in that manner.

I. GENUS. CALCAREOUS SALTS.

I. Family of Carbonates.

a. Nearly pure.

Slate spar.

Aphrite.

Agaric mineral.

Chalk.

Limestone.

Blue vesuvian limestone.

Lucullite.

Arragonite.

b. Combined with a foreign body.

Dolomite

Miemite

Gurhoflte

Brown spar.

Marl.

Bituminous marl state.

II. Family of Phosphates.

Apatite.

Phosphorite.

III. Family of Filiates.

Fluor spar.

IV. Family of Sulphates.

Gypsum.
Anhydrite.

Vulpinite.

Glaubcrite.

Polyhalite
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V. Family of Borosilicaies. chip. it.

Datolite.
v

Botryolite.

VI. Fam ily of Silicates.

Table spar.

VII. Family of Arseniates.

Pharmacolite.

"VIII. Family of TungUates.

Tungsten.

II. GENUS. BARYTIC SALTS.

Carbonate.

Sulphate.

Hepatite.

III. GENUS. STRONTIAN SALTS.

Carbonate.

Sulphate.

IV. GENUS. M AGNESIAN SALTS.

Sulphate.

Carbonate.

Anhydrous carbonate.

Borate.

V. GENUS. ALUMINOUS SALTS.

Alum.
Subsulphate of alumina.

Mellate.

Phosphate, or wavellite.

Phosphate of alumina-and-mngnesia, or azure stone.

Silicate, or bucholzite.

Cryolite.

The minerals belonging to this Order are distinguished

without much difficulty from the last. Almost all of them are

insoluble in water ; but soluble in nitric acid or in hot sul-

phuric acid. Most of them melt before the blow-pipe.

Their specific gravity varies; but it is often above 3*5 when
the mineral is too soft to scratch glass. None ol" them have

the metallic lustre.

GENUS I. CALCAREOUS SALTS.

The existence of pure uncombined lime in a native state

has been questioned ; but the evidence on which the belief
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Book in. of its existence is founded is sufficiently respectable to put the
v"""v'~'";

matter beyond doubt. Monnet affirms that it exists in abun-

dance in the mountains of Upper Auvcrgnc, mixed, however,

with a little oxide of iron.* Dr. Falconer of Bath found a

soft whitish mineral in the neighbourhood of that town, con-

sisting partly of pure lime capable of dissolving sulphur,f

and from which lime-water may be made. I have been informed

by his son, Mr. Thomas Falconer, that a gentleman, en-

gaged in collecting the minerals about Bath, found it, though

not in any great quantity. But as the pure lime in these

specimens is mixed with other bodies, it can scarcely, with

propriety, be considered as a distinct mineral.

This genus comprehends all the combinations of lime with

an acid that occur in the mineral kingdom.

I. FAMILY OF CARBONATES.

Family of No other mineral can be compared with carbonate of lime
carbonates. m the abundance with which it is scattered over the earth.

Many mountains consist of it entirely, and hardly a country

is to be found on the face of the globe where, under the names

of lime-stone, chalk, marble, spar, it does not constitute a

greater or smaller part of the mineral riches.

This salt is often pure or nearly so : but it is frequently also

either chemically combined, or at least intimately mixed with

a considerable proportion of some other substance which

changes its appearance and its properties. The first eight

species of this family enumerated in the preceding table are

nearly pure carbonates ; but the last six are compounds, or

intimate mixtures of carbonate of lime with some other body.

Sp. 1.. Slate spar, or Schieferspath.%

Argentine of Kirwan.

This mineral occurs in beds in primitive mountains, and

has been found in Norway, Saxony, and Cornwall.

Colour milk, greenish, and reddish-white. Massive. Lustre

shining, pearly. Texture curve foliated. Fragments slaty.

Brittle. Translucent. May be scratched by the nail. Spe-

cific gravity 2' 740. Between sectile and brittle. Easily frangible.

* Monnet's Mineralogy, p. 515. t On Bath Waters, 156.

J
Kirwan, i. 105. Brochant, i. 558.
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Sp. 2. slphrite, Schaumearth*

Silvery chalk of Kirwan.

This mineral occurs in cavities of floetz lime-stone. It is

found near Gera, in Thuringia, and in the north of Ireland.

Colour light yellowish (nearly silver) white. Massive and

disseminated, or in fine scaly particles. Lustre shining.

Between semimetallic and pearly. Fracture curve foliated.

Cleavage single
;
passes into scaly. Fragments blunt-edged.

In granular distinct concretions. Opaque. Soils a little.

Very soft. Sectile. Friable. Feels fine. Creaks a little. Light.

Sp. 3. Agaric Mineral.f

Rock-milk—Mountain-milk.

Found in the fissures and holes of lime-stone mountains,

chiefly in Switzerland, and is supposed to be deposited by the

rain water that filters through the rocks.

Colour yellowish-white, sometimes snow and greyish-white

Composed of dusty particles without lustre, which cohere but

weakly. Feels fine but meagre. Stains very much. Does
not adhere to the tongue. Nearly floats on water.

Sp. 4. Chalk.

X

This mineral forms a peculiar formation, and abounds par-

ticularly in the south of England and north of France.

Colour yellowish-white, sometimes snow and greyish-white.

Lustre dull. Opaque. Soft. Specific gravity from 2*315 to

2 657. Fracture fine earthy. Fragments blunt-edged. Ad-
heres slightly to the tongue. Feels meagre and rough. Stains

the fingers, and marks. Sectile.

Sp. 5. Limestone. §

This mineral occurs in great abundance and in a great

variety of situations, and differs in its appearance according

to its situation. Hence it has been divided into five sub-

species, distinguished chiefly by their fracture and their geog-

nostic position.

Subsp. 1. Compact Lime-stone.

This mineral is confined almost exclusively to the floetz

and coal formations. It is usually massive, and never crys-

• Kirwan, i. 78. Brochant, i. 557. Tlie name aphrite seems to have
been imposed by Ktirsten from the frothy appearance of this mineral.
From *tf of, froth.

t Kirwan, i. 76. Brochant, i. 519. Hoffmann, iii. %. 2.

i Kirwan. . ""7. P.rou.ant, .. yfcl. xiofimann, iii. 1. 4.

§ Kirwan, i. 82. Brochiint, i. 523. Hauy, ii. 117. Hoffmann, iii. 1. 7.

VOL. III. 2 C
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tallized. Its texture is compact, its fracture splintery, and
it has no internal lustre. It is often used for building, and
for burning to lime. There are two varieties of it; namely,
common compact lime-stone and roe-stone. The first of which
is much more abundant than the second.

1 . Common. Colour various shades of grey
;
namely, yel-

lowish, bluish, ash, and smoke-grey; greyish-black; yellowish-

brown, ochre-yellow ; also blood, flesh, and peach blossom-

red. Often spotted and veined. Fracture small fine splin-

tery, passing sometimes into large flat conchoidal, and into

uneven. Fragments more or less sharp-edged . Translucent
on the edges. Semihard. Brittle. Easily frangible. Spe-
cific gravity 2'6 to 2*7.

2. Roe-stone. Colour hair and chesnut-brown ; but from
the quantity of marl which it contains, it appears yellowish

and ash-grey. Fracture fine splintery, but not easily observed.

Fragments very blunt-edged. Composed of small globular

distinct concretions ; each globule is composed of concentric

lamellar concretions. Opaque or translucent on the edges.

Semihard. Brittle. Very easily frangible.

Subsp. 2. Foliated Lime-stone.

This subspecies is distinguished from the preceding by its

foliated fracture. All the calcareous crystals belong to it,

except one or two, which are peculiar to the arragonite. There

are two kinds of it, easily distinguished from each other by

the shape of the fragments ; the fragments of the first kind

being indeterminate, while those of the second are always

rhomboidal. The first kind is called granular foliated, from

the granular distinct concretions of which it composed; the

second calcareous spar, from the shape of the fragments.

1. Granular foliated. This kind belongs almost exclu-

sively to the primitive and transition mountains, where it oc-

curs in great abundance. The marbles used in sculpture,

and many of those employed in architecture, belong to it. It

is never found crystallized.

Colour various shades of white
;
namely, snow, yellowish,

greyish, greenish, reddish
;
bluish, greenish ash, and smoke-

grey; greyish-black; pearl-grey, flesh-red ;
cream-yellow;

siskin and olive-green. Sometimes spotted and clouded.

Internal lustre from shining to glimmering, between pearly

and vitreous. Fracture foliated, sometimes from the fineness

of the grains appears splintery. Fragments blunt-edged.
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Mostly in granular distinct concretions; sometimes they are chap. 11.

so fine that the mineral passes into compact. Translucent.

Semihard. Brittle. Easily frangible. Specific gravity 2*7.

2. Calcareous Spar. This kind is found in veins; and it oc-

curs in every formation, being indeed the most generally distri-

buted of all minerals. It occurs massive and in different

particular shapes, but more frequently crystallized. The pri-

mitive form of its crystals is a parallelopiped, whose sides are

rhombs, with angles of 74° 55' and 105° 5'.* Its integrant

molecules have the same form. The varieties of its crystals

amount to 61 G. For a description and figure of which the

reader is referred to Rome' de Lisle, f Haiiy, \ and Bournon. §

Werner has given a very luminous view of the varieties of

these crystals, by supposing three fundamental figures
;
namely,

the six-sided pyramid, the six-sided prism, and the three-sided

prism, and forming all the other crystals by truncations of

these.

Colours greyish, yellowish, greenish, and reddish white

;

olive, asparagus, pistachio, and leek green
;
greenish grey

;

sometimes yellow, rose red, and pale violet blue, but very

seldom. Internal lustre from splendent to glistening, vitreous.

Fracture perfect foliated; cleavage threefold. Fragments
rhomboidal. Massive varieties occur in granular distinct

concretions, and in prismatic and wedge-shaped concretions

which are oblique longitudinally streaked. Massive varieties

transparent or translucent. Crystals transparent. Refracts

strongly double. Semihard. Brittle. Easily frangible

Specific gravity 2-693 to 2-718. Many varieties becomo
phosphorescent on hot coals.

Subsp. 3. Fibrous Lime-stone.

This subspecies is by no means so universally distributed as

the preceding, It is divided into two kinds, the common
^fibrous and calcsmter. The first occurs in small veins; and
the second consists chiefly of stalactites, formed by the filtra-

tion and evaporation of water impregnated with carbonate of
lime. None of them are crystallized.

• Malus and Wollaston. + Crystullog. i. 497.

J Essui d'une Theorie, &c. p. 75. Jour, de Phys. 1793, August, p. 11.
and Miner, ii. 130. Jour, de Hist. Nat. 1792, February, p. 148. Ann. de
Chim. xvii. 249, &c. Jour de Min. No. xxviii. 304.

| Trait* de Miueralogie, Toms, i. ii. and iii

2c 2
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L Common Fibrous. Colours greyish, reddish, and yellow-

ish white. Massive. Lustre shining, pearly. Fracture

coarse and delicate, straight and parallel fibrous. Fragments

splintery. Translucent. Semihard. In other respects simi-

lar to the last subspecies. The satin spar belongs to this kind.

Sp. gr. 2-701.*

2. Calcsinler. Colours snow, greyish, greenish, and yellow-

ish white; honey yellow, yellowish brown
;

siskin, pistachio,

asparagus, mountain, and verdigris green ; the last passes into

sky blue ; flesh and peach blossom red, reddish brown : but the

red and green varieties are rare, and owe their colour to me-

tals. Massive and in particular shapes. Internal lustre glim-

mering, passing into glistening, pearly. Fracture straight

scopiform and stellular fibrous. Fragments usually indetermi-

nate ; sometimes splintery and wedge-shaped. Usually in

curved lamellar distinct concretions. Translucent. Semihard.

Brittle. Very easily frangible.

Subsp. 4. Pea-stone.

This mineral is found in the vicinity of the hot springs at

Carlsbad in Bohemia. It has the form of round masses com-

posed of concentric layers, and containing each a grain of sand

in their centre. Colour yellowish white, sometimes snow

white and yellowish brown. The round bodies are collected

together like a bunch of grapes. Lustre dull. Very easily

frangible. Opaque. Semihard. Moderately heavy. Frac-

ture even.

Subsp. 5. Caktuff.

This mineral occurs in alluvial land, and appears to be

daily formed by means of calcareous springs. Colour yellow-

ish grey. Generally marked with impressions of reeds, grass,

or moss. Internal lustre dull. Fracture between fine-grained

uneven and earthy; sometimes inclines a little to fibrous or

foliated. Fragments blunt-edged. Opaque, or only trans-

lucent on the edges. Soft. Somewhat sectile. Easily fran-

gible, Sp, gr. from 2-4-52 to 2*601. f

Sp. 6. Blue Vesuvian Lime-stone. %

This species is found in loose masses among ejected mi-

nerals in the neighbourhood of Vesuvius. It appears to differ

* Breithaupt. f Ibid. X Klaproth, Beitrago, v. 96.
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in its composition from all other known lime-stoncs ; contain-

ing water, and being composed of two atoms carbonic acid and

three atoms lime.

Colour dark bluish grey, partly veined with white. Ex-

ternally appears as if it had been rolled ; surface uneven.

Fracture fine earthy passing into splintery. Opaque. Streak

white. Semihard in a low degree. Rather heavy.

Sp. 7. Liu ullUe. *

ylnthraculite of Werner ;
Madn-porilc of Von Moll.

This variety of lime-stone was first constituted into a pecu-

liar species by Dr. John, and called by him lucullitc, because

Pliny informs us that Lucullus had distinguished one of its

subspecies by his own name, f It has been divided into three

subspecies.

Subsp. 1. Compat t LttcuUitc.

Of this there are two varieties; common compact and stink-

stone.

First Variety. Common black marble. This variety is

considered by several modern geologists as characteristic of

the transition class of rocks. Colour greyish black. Massive.

Internal lustre strongly glimmering. Fracture fine-grained

uneven, and forge couchoidal. Fragments undeterminate an-

gular and rather sharp-edged. Opaque. Semihard. Streak

dark ash grey. Brittle. Easily frangible. Specific gravity,

according to John, 3*000. When rubbed emits a sulphureous

smell. Whdl healed in nu open vessel it becomes white.

Second Vakietv. Stink-stone. Colours yellowish or "rev-

ish white, smoke grey, ash grey, bluish grey, and brownish

grey; pitch black and cream yellow which passes into various

shinies of brown. Massive and disseminated through gypsum
in plates or grains. Internal lustre dull or glimmering. Frac-

ture sometimes small splintery, sometimes imperfect conchoidal

and fine grained uneven. Fragments indeterminate angular

or slaty. Occurs sometimes in small granular distinct concre-

tions. Opaque. The cream coloured varieties arc translucent

on the edges. Semihard. Streak greyish white. Brittle.

Easily frangible. Specific gravity from 2 677 to 2*694. %
When rubbed emits a sulphureous odour.

* HofTrnann, iv. 2. 129. Jobn, Chem. Vntersuch, i. 219.

f Marruor Luculleum. Plinii Natur. llist. lib. xxxvi. cap. %.

X Briithaupt.
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Subsp. 2. Prismatic Lucullile.

Colours greyish black, pitch black and smoke grey. Massive.

External surface sometimes delicately longitudinally streaked.

External lustre dull or glistening, internal shining and splen-

dent, and intermediate between vitreous and resinous. Frac-

ture minute curve foliated ; sometimes conchoidal. Fragments
indeterminate angular, sometimes inclining to rhomboidal.

In prismatic distinct concretions. Opaque or translucent on
the edges. Semihard. Streak grey coloured. Brittle. Ea-
sily frangible. Specific gravity from 2*688 to 2-703.* When
rubbed gives out a sulphureous smell.

Subsp. 3. Foliated Lucullite.

This subspecies occurs abundantly in the neighbourhood of

Sunderland. Colours yellowish, greyish and greenish white;

also bluish grey, and greyish and velvet black. Massive, dis-

seminated and crystallized in acute six-sided pyramids. In-

ternal lustre glimmering and shining. Fracture minute foli-

ated. Fragments rhomboidal. In fine granular concretions.

Translucent. Semihard. Brittle. Easily frangible. When
rubbed it emits a sulphureous smell. But I have found it

sometimes to lose that property by keeping. Specific gravity

2-650. f
Sp. 8. Arragonite. %

This mineral was first found in Arragon imbedded in gyp-
sum; afterwards in the Pyrenees at Sahzburg and in Scotland.

Colour greenish and pearl-grey; in the middle often violet

and green. Always crystallized in six-sided prisms, four of

the angles of which are 116°, and the other two 128° § ; or

having two opposite faces larger. Longitudinally striated.

Lustre glistening, glassy. Fracture between imperfect foli-

ated and fibrous. Colour arranged in the direction of the

fibres ; the longitudinal fibres green, the transverse violet blue.

Cleavage double ; one parallel to the axis, another forming

with the first an angle of 116^°. Translucent. Refracts

doubly. Scratches calcareous spar. Brittle. Specific gra-

vity 2-9468.H

*John. + Ibid.

X Kirwan, i. 87. Brochant, i. 576. Haiiy, iv. 337. Hoffmann, iii. 177.

§ Haiiy, Ann. de Chiin. et de Phys. v. 439.

||
What is called arragonite fiom Braunsdorf has a specific gravity of

3-488. But Klaproth lias shown that it is a carbonate of strontian
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Arragonite has been divided into three subspecies, the com- ciup. h.

mon, columnar, and acicular, from the shape of the distinct
v v

-

/

concretions.

From a very careful analysis of pure carbonate of lime, I compori-

have satisfied myself that it is a compound of »p«cies.

Carbonic acid . . 2 - 75 .... 44?

Lime 3'5 .... 56

100

Such is the composition of calcareous spar, and the finer

kinds of granular limestone. Aphritc, agaric mineral, and

chalk, owe their peculiar appearance to their being mechanical

deposites. This seems to be the case also, though to a less

extent, with compact limestone. Blue vesuvian limestone is a

hydrate composed of 2 atoms water, and 3 atoms carbonate of

lime. Lucullite contains sulphur and charcoal in minute

quantity. Arragonite has been shown by Holme to contain

water in minute quantity, and by Stromeyer to contain a little

carbonate of strontian. Common arragonite he found to con-

tain 4 per cent, of carbonate of strontian, while columnar ar-

ragonite contains only two per cent. But Bucholz analysed

various species of this mineral p ithout being able to detect any

strontian whatever in it. Stromeyer is of opinion that arra-

gonite assumes the crystalline form of carbonate of strontian.

By this hypothesis he endeavours to remove the anomaly

which the peculiar crystalline form of arragonite has hitherto

exhibited in the theory of crystals. But I have not yet seen

sufficient evidence to satisfy me that this hypothesis is correct.

The following tables which exhibit the composition of the dif-

ferent minerals comprehended under the preceding species will

enable the reader to judge what foreign bodies each of them
usually contains.
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Sp. 9. Dolomite.

This and the three following species consist of carbonate of
lime and carbonate of magnesia mixed or united in various

proportions. They constitute in fact only one species, but I

am induced to separate them in order to prevent the confusion

that would ensue, from arranging so many varieties under one
name.

The term dolomite was given to this mineral from Dolo-
mieu, who first drew the attention of mineralogists to one of

its most important varieties. One of the varieties which oc-

curs in great abundance in Great Britain has been Ions dis-

tinguished by the name oi'magnesia?i lime-stone.

Dolomite may be subdivided into four subspecies
;
namely,

common dolomite, crystallized dolomite or rhomb spar or bitter

spar, columnar dolomite, and compact dolomite or magnesian

limestone.

Subsp. 1. Common Dolomite.*

Colour greyish white, sometimes inclining to yellowish

white, sometimes to green. Massive. Internal lustre glisten-

ing. Fracture seems foliated, but is not easily discovered, on

account of the smallness of the distinct concretions. Frag-

ments blunt-edged. In fine granular distinct concretions.

Translucent on the edges. Semihard. Easily frangible.

Feels harsh and meagre. Rather heavier than limestone.

Specific gravity from 2*768 to 2*913. f Effervesces very

feebly in acids.

Subsp. 2. Rhomb Spar or Bitter Spar. %

This mineral occurs in chlorite and similar rocks in Switz-

erland, the Tyrol, Sweden, Scotland, &c. and is always crys-

tallized. Its constituents indicate that it bears the same

relation to the preceding subspecies that calcareous spar does

to granular limestone.

Colours greyish and yellowish white, yellowish grey. Al-

ways in middle-sized rhombs, nearly similar to the primitive

crystal of calcareous spar. § Lustre splendent, between vi-

treous and pearly. Fracture straight foliated, with a threefold

* Hoffmann, iii. 1. 5T. t Breithaupt.

I Kirwan, i. 9U. Brochant, i. 500.' Haii-y, ii. 187. Hoffmann, iii. 1. 60.

§ Dr. Wollaston has shown that the angle in rhomb spar is 106° 15',

while in calcareous spar it is 105° 5'. Phil. Trans. 1812, p. 159.
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cleavage ; cross fracture uneven and imperfect flat conchoidal. chap. a.

Translucent. Scratches calcareous spar. Brittle. Easily

frangible. Specific gravity 2*942 to 3*071. *

Subsp. 3. Columnar DolomiteA
Occurs in serpentine in the mine Tschistagowskoy on the

river Mjafs in Russia. Colour pale greyish white. Massive,

generally in pieces about two inches long, covered with an

isabella yellow botryoidal crust and interwoven with fibres of

asbestus. Lustre vitreous inclining to pearly. Longitudinal

fracture narrow radiated with delicate cross rents. Cross

fracture uneven. In thin, long, straight prismatic concretions.

Fragments acicular shaped. Feebly translucent. Brittle.

Specific gravity 2*765.

Subsp. 4. Magnesian Limestone.

This limestone occurs in great abundance in Durham, York-

shire, and several other of the English counties. In Durham
it lies over the coal formation. Colour yellowish grey and

yellowish brown. Massive. Internal lustre glimmering, and

between pearly and vitreous. Fracture minute foliated, often

combined with splintery and even conchoidal. Fragments

rather blunt-edged. In minute granular concretions. Trans-

lucent on the edges. Rather harder than calcareous spar.

Brittle. Specific gravity from 2*777 to 2*823.

There is a variety of this subspecies, which occurs near

Tinmouth Castle, first observed by Mr. Nicol, which pos-

sesses considerable flexibility.

The following table exhibits the composition of these dif-

ferent subspecies.

• Brcithnupt.

f Klaprotli, Mng. der Gesellsch. Naturf. Freunde, v. 402.
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Sp. 10. Miemite.

This mineral was first observed by Dr. Thompson, of Na- chap. u.

pics, and has been named from Miemo in Tuscany, where it
^~^mm'

was first found. It ought to be considered as merely a variety

of rhomb spar.

Colour pale asparagus green which passes into greenish

white. Occurs massive and crystallized in flat double three-

sided pyramids. Internal lustre shining or splendent, and
vitreous. Fracture foliated. Fragments rather blunt-edged.

In granular and prismatic distinct concretions. Translucent.

Semihard. Brittle. Specific gravity 2 -SS5. Its constituents

are,

Carbonate of lime 53 0

Carbonate of magnesia .... 42 5

Carbonate of iron 3 0

Loss r5

100-0*

It is merely a variety of the preceding species.

Sp. 11. Gurlujite*

This mineral occurs in great abundance between Gurhof
and Aggsbftch in Lower Austria.

Colour yellowish and snow white. Massive. Lustre dull.

Fracture flat conchoidal. Fragments indeterminate, sharp-

edged. Translucent on the edges. I lard, bordering on se-

mihard. Brittle. Bather tough. Specific- gravity 2
-

7'>0.

Constituents

Carbonate of lime 70 or 2 atoms
Carbonate of magnesia 30— 1 atom

100 |

Sp. 12. Brou n Spar.§

Spat/i perh-—Sidero-colcite.

This mineral occurs in veins, and is usually accompanied
by calcareous spar and sparry iron ore. Principal colours white
and red; namely, greyish, yellowish, reddish white; flesh,

• Klaproth, Beitrage, iii. 206.

+ Klaproth, Beitruge, v. 103. Hoffmann, iv. 2. 164.

X Klaproth, Beitrage, v. 103.

§ Kirwan, i. 105. Brochant, i. 563. Hauy, ii. 175. Hoffmann, iii. 1. 48.
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Book nr. rose, and brownish red; brown. Some varieties approach

,

~^/~>

pearl grey, others black. Sometimes spotted. Massive, glo-

bular, and crystallized. Crystals the same as those of calca-

reous spar. The following have been observed : a flat and an

acute double three-sided pyramid, an oblique six-sided pyra-

mid; also in lenses and rhombs. External lustre shining;

internal from shining to splendent, pearly. Fracture some-

times straight foliated, more commonly spherical curve foli-

ated. Threefold cleavage, like calcareous spar. Fragments

rhomboidal. In granular distinct concretions of all sizes, and

in straight lamellar concretions. Translucent. Crystals

semitransparent. Scratches calcareous spar. Easily fran-

gible. Specific gravity 2*587. Effervesces slowly in acids.

A variety of this mineral, hitherto found only in Hungary

and Transylvania, has been distinguished by Werner as a

subspecies, under the name of fibrous brown spar. Colour

flesh red. Massive. Lustre glistening. Fracture straight

and diverging fibrous. Fragments splintery and wedge-

shaped. In other characters it resembles common brown

spar.

There is a third variety which has been distinguished by the

name of columnar brown spar, from the shape of its distinct

concretions. The constituents of brown spar are as follows:

Carbonate of lime 51*5 .. 49*19

Carbonate of magnesia . . 32 -0 . . 44*39

Carbonate of iron 7*5 . .
—

Carbonate of manganese . . 2*0 . .
—

Oxide of iron — . .
3*4

Oxide of manganese .... — .. 1*5

Water 5"0 . .
0-13

Loss 2-0 . .
1-39

100-0* 100'OOt

Sp. 13. MarL%

A mixture of carbonate of lime and clay, in which the car-

bonate considerably exceeds the other ingredient, is in com-

mon language called mart. Mr. Kirwan has divided marls

into two varieties : 1. Those which contain more silica than

alumina; 2. Those which contain more alumina than silica.

» Klaproth, Beitrage, iv. 203. t Hisinger, Afhandlingar, iv. 374.

% Kirwan, i. 94. Brochant, i. 569. Ilatiy, iv. 455. Hoffmann, iii. 1. 67.
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He has called the first of these siliceous, the second argillaceous chap. u.

marls. Attention should be paid to this distinction when

marls are used as a manure. Werner divides marls into two

subspecies, earthy and indurated marl.

Subsp. 1. Earthy marl.

Colour yellowish grey. Composed of dull dusty particles.

Feels rather meagre. Soils a little. Sometimes loose, some-

times cohering.

Subsp. 2. Indurated Marl.

Occurs in the floetz lime and coal formations. Colour grey,

sometimes yellowish grey. Massive. Lustre dull; sometimes

glimmering, from foreign particles. Fracture earthy ; some-

times splintery, or imperfect slaty. Fragments indeterminate,

partly slaty. Opaque or translucent on the edges. Yields to

the nail. Not particularly brittle. Easily frangible. Specific

gravity from 2*3Gt to 2 5.50.* Melts before the blow-pipe

into a greyish black glass. Falls to powder in the air. Passes

into limestone and indurated clav.

Sp. 14. Bituminous Marl Slale.f

This mineral occurs in beds along with the oldest floetz

limestone. Often intermixed with ores of copper. Contains

a great number of petrified fish. Colour greyish or brownish

black. Massive. Fracture curved or straight slaty. Lustre

dull. Fragments slaty. Opaque. Soft. Feels soft. Easily

frangible. Sectile. Specific gravity 2*631 to 9*690.) Streak

shining. Effervesces with acids Burns before the blow-pipe,

leaving black scoria?.

The six preceding species may be considered as combina-

tions or mechanical mixtures of carbonate of lime and carbo-

nate of magnesia.

In dolomite, miemitc, and gurhofite, nothing is present but

carbonates of lime and magnesia. For any thing that appears

at present, these two constituents do not exist together in defi-

nite proportions, which is rather against the supposition that

they are combined chemically.

• Breithaupt. + Kinvan, i. loy. Brochant, ii. 574. Hoftmann, iii. i. 72.

J Breith upt.
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In brown spar, besides carbonates of lime and magnesia,

there appear to be present small quantities of carbonates of

iron and manganese..

Marl and bituminous marl-slate are mechanical mixtures of

carbonates of lime and clay.

II. FAMILY OF PHOSPHATES.

This family contains only two species, namely, apatite and
phosphorite.

Sp. 1. Jlpattte.

This species has been divided into two subspecies, common

apatite, and conchoidal apatite or asparagus-stone.

Subsp. 1. Common apatite*

This minei'al occurs in tin veins, and is found in Cornwall

and Germany. Werner first constituted it a new species, and

gave it the name which it bears.f

Colours white, green, blue, and red, of various shades : as

greyish, reddish, yellowish, and greenish-white; mountain,

celadon, pistachio, and leek-green ; rose and flesh-red
;
pearl-

grey
;

violet, lavender, and indigo- blue; yellowish-brown

All the colours rather light. Mostly crystallized. The pri-

mitive form of its crystals is a regular six-sided prism. Its

integrant molecule is a regular triangular prism, whose height

is to a side of its base as 1 to 2 .% Thej six-sided prisms

are always low, and sometimes pass into the six-sided table.

Lateral edges and angles sometimes terminal, frequently trun-

cated. Lateral faces usually longitudinally streaked ; acumi-

nating faces smooth. External lustre splendent; internal

shining, resinous, approaching vitreous. Longitudinal frac-

ture imperfect foliated
;
cleavage fourfold, as in the beryl.

Cross fracture uneven, approaching small conchoidal. The

massive in coarse granular concretions. Transparent and

translucent. Causes single refraction. Semihard; scratched

by fluor spar. Brittle. Easily frangible. Specific gravity

3-2'l-8.§ Phosphoresces on hot coals. Becomes electric by

heat and by friction.

* Kirwan, i. 128. Brochant, i. 580. Hatty, ii. 234. Hofl'mann, iii. 1. 184.

f From a-Tralaw, because it had been erroneously arranged along with other

minerals.

t Hatty, Jour, de Min. No. xxviii. 310.

§ Lbeithauot.
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Subsp. 2. Asparagus stone.*

This mineral has hitherto been found chiefly at Caprera in a** «•

Murcia, a province in Spain. It occurs likewise in France

and in Norway. It was this species which Rome de Lisle and

the other French chemists considered as a chrysolite.

Colour asparagus-green, sometimes passing to greenish-

white, or pistachio-green; sometimes between orange and

yellowish brown. Always crystallized in equiangular six-sided

prisms, obtusely acuminated by six planes set on the lateral

planes : lateral edges truncated. Planes longitudinally streaked,

also smooth. Crystals complete. Internal lustre shining,

vitreous. Fracture concealed foliated, passing into uneven.

Translucent, sometimes nearly transparent. Semihard, ap-

proaching soft. Easily frangible. Brittle. Specific gravity

3*098.+ Does not phosphoresce.

Sp. 2. Phorphorite.%

This mineral forms great beds in the province of Estrcma-

dura. Colour yellowish-white; often spotted yellowish-grey.

Massive. Internal lustre dull or glimmering. Fracture im-

perfect curved foliated, inclining Lo the flori-form foliated

;

sometimes passes to coarse earthy. Fragments blunt-edged.

Tends to thick lamellar distinct concretions. Translucent on

the edges. Soft, approaching semihard. Brittle. Specific

gravity 2*814.

There is a substance found at Kubolobanya near Szigeth,

in the county of Marmarosch in Hungary. It is an earthy

matter which phosphoresces when heated, emitting a pale

yellow light. This property induced mineralogists to consider

it as a variety of filiate of lime, till Hassenfratz analysed it,

and found it to consist chiefly of phosphoric acid and lime.§

Hence it was considered as similar to the phosphorite of Es-

tremadura. Pelletier examined it soon after, and again re-

stored it to the place of fluate; having found it a mixture of

fluate of lime with silica and alumina, ami a little phosphoric

acid, muriatic acid, and iron.|| Klaproth has lately analysed

it, and shown that the original experiments of Hassenfratz

were accurate. Of course, it must be considered asapproach-

• Brochant, i. 586. Vauquelin, Jour, de Min. No. xxxvii. 19.

f Werner.

J Brochant, i. 584. Bertrand, Pelletier, and Donadei, Jour, de Phys.

xxxvii. 161.

§ Ann. de China, i. 191.
||
Ann. de Chim. ix. 225.

VOL. Ill, 2 D
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BookUL ing the nature of the phosphorite of Estremadura. The re-
sult obtained by Klaproth has been inserted in the following
table.

The composition of apatite was first ascertained by Proust.

Vauquelin was the first of the French chemists who deter-

mined the composition of asparagus-stone. I do not know if

it had been previously analysed in Germany. Proust first de-

termined the composition of phosphorite. A more exact ana-

lysis was afterwards made by Pelletier, Bertrand, and Dona--

dei. The following table exhibits the result of these different

experiments.

Lime
Phosphoric acid

Carbonic acid .

-Carbon, of lime

Muriatic acid .

Fluoric acid . .

.

Silica

Oxide of iron .

.

Water
Quartz and ?
rock mixed 5

Loss

Apa-
tite.

Asparagus-stone. Phospbo- Hungarian

rite. phosphorite

45

53-75

46*25

100 100*00

53-32

45-72

0-96

100-00

^92

1

0-5

0-5

59

34
1

•5

2-5

2

1

ioo-o ioo-o

47
32-25

2-5

0-5

0-75

1

11-5

4*5

100-00

III. FAMILY OF FLUATES.

This family comprehends only one species; namely, flitor,

which Werner divides into two subspecies. The first is very

rare, the second very common.

* Klaproth, Jour, de Min. No. xxxvii. p. 26.

f Klaproth, Beitrage, iv. 194. The specimen was from Zillerthale. It

was massive, of an asparagus-green colour. Specific gravity 3- 190. Prin-

cipal fracture foliated, cross fracture conchoidal.

X Vauquelin, Jour, de Min. ibid.

§ Klaproth, Beitrage, v. 180. From Uto.

||
Pelletier, Bertrand, and Donadei, Jour, de Phys. xxxvii. 161.

** Klaproth, Beitrage, iv. 366.
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Subsp. 1. Compact Fluor.

It is found in veins along with the next subspecies in the chaH . ir.

Hartz. Colours greyish-white and greenish -grey ;
sometimes v

inclining to blue; sometimes marked with yellow or red spots.

Massive. External lustre dull ; internal glimmering, vitreous.

Fracture even. Fragments sharp-edged. Scratches calcare-

ous spar. Brittle. Easily frangible. Moderately heavy.

Subsp. 2. Fluor Spar*

This mineral occurs in beds in the primitive mountains,

also in veins along with tin, lead, and copper.

Colours very numerous, being various shades of blue, green,

yellow, white, red, black, and brown. Several frequently

occur together. Massive and frequently crystallized. The
primitive form of its crystals is the regular octahedron ; that

of its integrant molecules the regular tetrahedron.f The
varieties of its crystals hitherto observed amount to nine.

These are the primitive octahedron; the cube; the rhomboi-

dal dodecahedron; the cubo-octahedron, which has both the

faces of the cube and of the octahedron; the octahedron

wanting the edges; the cube wanting the edges, and either

one face, or two faces, in place of each. For a description

and figure of these, the reader is referred to Mr. Haiiy.^

Surface smooth, sometimes drusy. Lustre of the first splen-

dent; of the second glistening. Internal lustre splendent,

vitreous. Fracture foliated; cleavage fourfold. Fragments

tctrahcdral or octahedral. Transparent and translucent.

Refracts singly. In granular and prismatic distinct concre-

tions. Semihard. Brittle. Easily frangible. Specific gra-

vity 309413 to 519ir§ Its powder thrown upon hot coals

emits a bluish or greenish light. Two pieces of it rubbed in

the dark phosphoresce. It decrepitates when heated. Before

the blow-pipe it melts into a transparent glass.
||

It admits of a polish, and is often formed into vases and
other ornaments.

The composition of pure fluate of lime is as follows :

* Hoffmann, iii. 1. 96.

f Ilaiiy, Jour, tie Min. No. xxxviii. 325.

X Ibid. ii. 249.

Ilauy.

J
Ibid. No. xxviii. 325.

2 D 2
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Bo«k III.
t t

-Lime 32-25 . . 32'66 . . 35
Fluoric acid 67' 75 . . 67*34 . . 65

Total 100-00, 100-00 100

But if we adopt the hypothesis of Ampere and the analysis

of Davy, which I am inclined to do, the constituents of fluor

spar are

Fluorine 46'69

Calcium 53-31

100-00§

IV. FAMILY OF SULPHATES.

«uphates.
This family consists of four species; namely, gypsum or

hydrous sulphate of lime, anhydrite or anhydrous sulpliate of
lime, vulpinite, glauberite, and polyhalite.

Sp. 1. Gypsum.\\

This mineral which abounds in nature, occurs in four

different situations in be'ds
;

namely, in the primitive, the

transition, the oldest, and the second flo'etz lime-stone. It has

been divided into five subspecies.

Subsp. 1. Gypsum Earth.

Rare. Found in the cavities of the other subspecies, and is

supposed to be deposited from water filtering through them.

Colour yellowish-white, sometimes nearly snow-white. Of
the consistence of meal. Lustre dull. Opaque. Scarcely

sinks in water. Is not gritty between the teeth. Feels dry

and meagre. When heated below redness, it becomes of a

dazzling white.

Subsp. 2. Compact Gypsum.

This and the subsequent species lie over the oldest flo'etz

lime-stone. Colour ash-grey. Massive. Internal lustre dull.

Fracture even : passing into fine splintery. Fragments blunt-

edged. Translucent on the edges. Very soft. Specific

gravity about 2*1679. Sectile. Easily frangible.

* Klaproth, Beitrage, iv. 366. t By my analysis.

} Richter, as quoted by Klaproth, Beitrage, iv. 361.

§ Davy, Phil. Trans. 1814, p. 64. Davy found that 100 grains of fluor

«par, when converted into sulphate of lime, became 175 -2 grains.

||
Kirwan, i. 120. Brochant,!. 601. Ilaiiy, i:. 266. Hoffmann, iii. 1 .

105.



STONES. 405

Subsp. 3. Fibrous Gypsum.

This mineral lies over the variegated sand-stone, and cha-
L
<*"P-tt.

ractcrizes that formation. Colours various shades of white,

grey, and red. Massive and dentiform. Internal lustre glis-

tening; sometimes shining, pearly. Fracture parallel fibrous
;

sometimes bordering on radiated. Fragments mostly splin-

tery. Translucent. Very soft. Rather scctile. Very easily

frangible. Sp. gr. 2*283 *

Subsp. 4. Foliated Gypsum.

This mineral bears some resemblance to granular lime-stone,

but is much softer. Colours white, grey, and red; sometimes

yellow, brown, black, of various shades. Often spotted. Mas-

sive; and sometimes in conical lenses imbedded in clay. In-

ternal lustre shining; between pearly and vitreous. Fracture

perfect (somewhat curved) foliated; single cleavage; some-

times diverging radiated. Fragments indeterminate, blunt-

edged. In granular distinct concretions: the radiated in

prismatic concretions. Translucent. Very soft. Rather sectile.

Easily frangible. Specific gravity from 2*269 t to 2*289. *

Subsp. 5. Sparry gypsum, or Sclcnite.

This subspecies includes all the crystallized specimens of

sulphate of lime. Foliated gypsum bear.-, the same relation

to it that granular lime-stone does to calcareous spar. It oc-

curs in the oldest gypsum formation, and sometimes in veins.

Fine specimens arc found in Oxfordshire.

Principal colour snow-white ; also yellowish and greyish-

white, and various shades of grey, yellow, and brown. Mas-
sive and often crystallized. The primitive form of its crystals

is a four-sided prism, whose bases arc oblique parallelograms,

with angles of 1 13° 7' 48" and 66° 52' 12''. It occurs crvs-

tallized in six-sided prisms, terminated by two-sided or four-

sided summits. For a description and figure of its varieties,

the reader is referred to Rome de Lisle \ and Haiiy.§

Internal lustre shining, pearly. Fracture perfect foliated,

with one perfect and two imperfect cleavages. Fragments

rhomboidal; sometimes in granular distinct concretions.

Transparent. Refracts doubly. Very soft. Sectile. Easily

* Breitliaupt. f Brisson. \ Crystnllog. i. 144.

§ Mineralogie, ii. 570.
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split into plates, which arc somewhat flexible. Easily fran-

gible. Specific gravity 2-320.*

This salt is a compound of 1 atom sulphate of lime and
2 atoms of water, or its constituents arc

Sulphate of lime . . 79*32

Water 20*68

100-00

Sp. 2. Anhydrite.

\

Muriacite of Werner.

This mineral seems to have been first noticed by the Abbe*

Poda, who called it muriacite, on the supposition that it is a

combination of lime and muriatic acid. Fichtel gave an ac-

count of it in 1794'. Klaproth soon after analysed it; but

mineralogists did not pay much attention to it, till Haiiy

pointed out its characters in the fourth volume of his Minera-

logy. It was soon after described by Bournon. It was first

found in the salt pits at Hall in the Tyrol, afterwards in the

canton of Berne, and in other places.

It has been divided into the four following subspecies.

Subsp. 1. Compact Anhydrite.

It occurs in the salt mines of Austria and Salzburg, and in

the first floetz gypsum on the eastern foot of the Hartz moun-
tains. Colours various shades of white, likewise grey, blue,

and red. Massive, contorted, and reniform. Feebly glim-

mering and dull. Fracture small splintery, passing into even

and small conchoidal. Fragments sharp-edged. Translucent,

at least on the edges. Scratches calcareous, spar, but is

scratched by fluor spar. Streak greyish white. Rather tough.

Specific gravity 2*969.*

Subsp. 2. Foliated Anhydrite.

It is found along with the preceding subspecies. Usual

colour blue. Sometimes dark milk-white. Massive. Frac-

ture splendent, pearly. Fracture foliated. Fragments in-

determinate, rather blunt-edged. Translucent. Semihard.

Specific gravity 2*9404

Subsp. 3. Sparry Anhydrite, or Cube Spar.

Colour milk-white, which sometimes passes into greyish,

* Brcithaupt, f Hoffmann, iii. l. 123. } Klnproth.
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yellowish, and reddish-white, approaching pearl-grey. Mas- cka P. »-

sivc, and crystallized in four-sided prisms, approaching the

cube, but having two of the opposite lateral faces much broader

than the other two; sometimes the lateral edges are truncated,

which converts the crystal into an eight-sided prism ; some-

times the truncations are so great as to destroy the narrow

lateral faces, and then the crystal becomes a six-sided prism.*

External lustre of the broad faces of the crystal splendent and
pearly; of the narrow glistening. Internal shining, pearly.

Fracture perfect foliated. Cleavage threefold and rectangular.

Fragments cubical. In granular and lamellar distinct concre-

tions. Translucent. Scratches calcareous spar. Very easily

frangible. Specific gravity from 2*850 to 2-964.f

Subsp. 4. Scaly Anlijdrite.

It is found in the salt mines of Hall in the Tyrol and of

eliczka in Poland. Colour dark milk-white. Massive.

Lustre splendent and pearly. Fracture small and fine splin-

tery. In fine granular scaly concretions. Translucent on the

edges. Easily frangible. Specific gravity 2-850.]:

This species consists of sulphate of lime without any water.

Sometimes it contains a small proportion of common salt, pro-
bably merely mixed mechanicallv.

Sp. 3. Fulf)iriit<:§

This mineral occurs at Vulpino in Italy. Hence its name.
Colour greyish-white, veined with bluish grey. Ma-ive. In-
ternal lustre splendent. Fracture foliated "with a threefold
slightly oblique cleavage. Fragments rhomboidal. In gra-
nular distinct concretions. Translucent on the edges. Soft.
Brittle. Easily frangible. Specific gravity 2-878." Its con-
stituents are as follows:

Sulphate of lime o/j

Silicate g

100
||

It ought to be considered as merely a subspecies of anhy-
drite. J

• Bournon. + Bournon, Ilaiiy, and Klaproth. J Klaproth.
§ Hoffmann, ,„. i. ,36 .

„ Vau
F
quelin ,
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Sp. 4. Glauberite.*

Book in, This mineral was discovered in Spain, at Villaruba near
^-v

,
Ocana in New Castile. Its crystals are sometimes solitary,

sometimes in clusters, and disseminated in masses of sal gem.

Always crystallized. Crystals in the form of an oblique prism

with a rhombic base. The angles of the parallelogram con-

stituting the base are 75° 32' and 104° 28'. The angles of

incidence between the parallelogram of the base and the adja-

cent sides are 142°; that between the base and the edge con-

tiguous to the acute angle of the base is 154°. The faces of

the base smooth, those of the sides longitudinally striated.

The crystals are of a light topaz-yellow, and retain their

solidity and transparency in the air if they have not been

wetted. Harder than sulphate of lime, but softer than cal-

careous spar. When heated it splits
;
decrepitates and melts

into a white enamel. Immersed in water it soon becomes

white and opaque. When taken out of the water and dried,

it does not resume its transparency; but the white coating

falls to powder, and when rubbed off discovers the nucleus

unchanged. Specific gravity 2*73. Composed of

51 anhydrous sulphate of soda

49 anhydrous sulphate of lime

100

It contains no water of crystallization.

Sp. 5. Polykalile.f

This is a name given by Stromeyer to a mineral which he

has recently analyzed. It comes from the salt mines of Ischel

'in Upper Austria, and was by Werner placed as a subspecies

of anhydrous sulphate of lime under the name oijibrous mu-

riacite.

Colour tile and light blood-red. Massive. Lustre shining,

pearly. Fracture fibrous. Separates into splintery distinct

concretions. Translucent on the edges. Soft. Slightly brittle.

Easily frangible. Specific gravity 3'002. \ Its constituents

are as follows :

* Brogniart, Nicholson's Jour. xxiv. fi5.

t Ann. de Cliim. et de Phys. viii. 223. Hoffmann, iii. 1. 136.

X Breitliaupt.

i
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Common sulphate of lime 28*74 chap. n.

Anhydrous sulphate of lime 2236

Sulphate of potash 27*40

Anhydrous sulphate of magnesia 20*11

Common salt 01 9

Oxide of iron 0 32

99-12*

V. FAMILY OF BOROSILICATES.

This family contains two species; namely* datholite and Family or

botryoliie.

Sp. 1. Datholite.^

This mineral was first discovered by Esmark, near Arendal

in Norway. For the discovery of its composition we are in-

debted to Klaproth.

Colour greyish and greenish white; sometimes mountain

green. Massive, and crystallized in flat rectangular and ob-

lique four-sided prisms, having their angles truncated. Crys-

tals small. External lustre glistening, internal shining, resi-

nous. Fracture small imperfect conchoidal. Fragments inde-

terminate. In large and coarse granular distinct concretions,

which have a rough glimmering surface. Semihard in a high

degree. Translucent.]: Specific gravity 2*980.

§

From the analyses of Klaproth and Vauquelin, we learn

that this mineral is composed of

II

##

Silica 36'5 36*66

Lime S5 5 3+ 00
Boracic acid 24 21*67

Water 4 5-50

100 with a trace of iron. 97*83

Sp. 2. BoiryoH/e.f-\-

This mineral was first described by Abilgaard under the

name of sem'iglobular zeolite. Its chemical properties were

* Stromeyer, Ann. tie Cliiin. ct de Phys. viii. 'J J3.

t Klaproth, Gehlen's Jour. vi. 107. Hoffmann, iii. 1. 143.

J See Karsten, Gehlen's Jour. vi. 108. (j Klaproth.

||
Klaproth, Gehlen's Jour. vi. 108.

Vauquelin, Lucas, Tabl. Method, ii. 71.

ft Hoffmann, iii. 1. 140.
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Book nr. observed by Esmark, and Assessor Gahn ascertained that it
v—v ' contains lime, silica, and boracic acid. Klnproth subjected it

to a rigid analysis, and Haussman, from its shape, gave it the
name by which it is now distinguished. It occurs near Aren-
dal in Norway.

Colours externally pearl and yellowish grey; internally
greyish, milk, and reddish-white in concentric stripes. Bo-
tryoidal. Surface rough and dull. Internal lustre glimmer-
ing and pearly. Fracture delicate stellular fibrous. In thin
concentric lamellar distinct concretions. Translucent on the
edges. Semihard. Brittle. Specific gravity 2-885.* Be-
fore the blow-pipe froths and melts into a white glass. Its

constituents are

Silica 36

Boracic acid 39*5

Lime 13*5

Oxide of iron 1

Water 6'5

Loss 3*5

100-0 t

VI. FAMILY OF SILICATES.

Family of This family contains only one species
;
namely, table spar.

silicates.

Sp. 1. Table Spar or Sehalstone.%

This mineral has been hitherto found only in the Bannat of

Tameswar, and in cinnamon-stone rock from Ceylon. Colour

greyish-white, passes into greenish and yellowish-white, and

reddish-white. Massive. Lustre of the principal fracture

shining, pearly. Principal fracture foliated, with a slight ten-

dency to splintery and coarse fibrous. Cleavage single. In

straight thin lamellar distinct concretions, collected into large

brown prismatic distinct concretions. Translucent. Semi-

hard. Brittle. Easily frangible. Specific gravity 2*863.
§

When put into nitric acid it effervesces for a moment and then

falls into grains. Infusible before the blow-pipe. Phospho-

resces when scratched by a knife. Its constituents arc

* Klnproth. t Klnproth, Beitrnge, v. 125.

X Klnproth, iii. 209. Ilofl'mann, iii. 1. 55.

$ Karsten.
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Silica 50 chap. n.

Lime •. . . 45

Water 5

100*

It is therefore a bisilicate oflime, and consists of 3 atoms of

bisilicatc united to one atom of water.

VII. FAMILY OF ARSENIATES.

This family contains only one species ; namely, pharma- Familj of

COlile.
arcnlat*.

Sp. 1. Pha>mucolite,f Arsenic bloom.

This salt was first found in the mine Sophia, near Wittichen

in Suabia, where it occurs in the rents of a granite rock accom-

panied by cobalt ore. It has since been observed at Andreas-

berg in the Hartz and in other places. Colour reddish, yel-

lowish, and snow-white. Occurs as a coating and in delicate

capillary crystals. Internal lustre glimmering, silky. Frac-

ture delicate radiated. Fragments indeterminate, and some-

times wedge-shaped. In granular distinct concretions. Trans-

lucent on the edges. Very soft. Easily frangible. Sp. gr.

2'640.X Its constituents arc as follows :

Arsenic acid 50*.5t .... 45*68

Lime 25-00 27-28

Water 2J--16 2386
Loss — .... .118

100-00 § 100 00
||

Mil. FAMILY OF TO NONTATES.

This family contains only one species; namely, tungstale of Vvalljot
lime. loogiUtn.

Sp. 1. Tungsten.**

This mineral which is scarce, has hitherto been found only
in Cornwall, Sweden, and Germany. It is usually massive,

sometimes crystallized
; and, according to Bournon, the pri-

* Klaprotli, Beitrage, iii. 201.

t Brochanr, ii. 523. Haiiy, ii. 293. Klaproth, iii. 280. Hoffmann,
iv. 1. 228.

1 Klaproth.
§ Klaproth, Beitrage, iii. 281.

||
John, Gehlen's Journal, Second Series, iii. 539. Specimen from An-

dreasberg.

Hoffmann, iv. 1. 23C.
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Book in. mitive form of its crystals is an acute octahedron ; the solid

*" angle at the summit of which measures 48° on the faces, and.

64° 22' on the edges. For a description of the varieties of

crystallization, the reader is referred to Bournon.*

Colour yellowish and greyish-white; sometimes verges on
snow-white ;

passes into yellowish-grey, yellowish-brown, and.

approaches orange-yellow. Lustre shining vitreous. Trans-

lucent. Fracture foliated. Fragments indeterminate, rather

blunt-edged. Sometimes in granular distinct concretions.

Not particularly brittle. Easily frangible. Soft. Specific

gravity 5*8 to 6*76. Becomes yellow when digested with

nitric or muriatic acid. Infusible by the blow-pipe. With
borax forms a colourless glass, unless the borax exceed, and.

then it is brown. With microcosmic salt it forms a blue glass,

which loses its colour by the yellow flame, but recovers it in

the blue flame.f Its constituents are as follows :

Tungstic acid . . 77*75 . . 75*25 . . 80*417 . . 78 . .
76*5

Lime 17*60 . . 18*70 . . 19*400 . . 19*06 . . 16*5

Ox. of iron .... — .. 1*25 .. — .. — .. 1*47

Ox. ofmangan. . — .. 0*75 .. — .. — .. —
Silica 3*00 .. 1*50 . . — ..2*8 .. 2*94

Alumina — .. — .. — .. — •• 1*09

Loss 1*65 .. 2*55 .. 0*183 .. 0*94 .. 1*5

100*00 % 100*00^ 100*000$ 100*00
||

ioo-o||

GENUS II. SALTS OF BAIiYTES.

This genus comprehends only two species, namely, the car-

bonate and sulphate.

Sp. 1. Carbonate of Barytes**—Witherite.

This mineral occurs at Anglesark in Lancashire in veins,

which traverse the independent coal formation. It was dis-

covered by Dr. Withering; hence Werner has given it the

name of Wilherite. Usually massive, but sometimes crystal-

lized. The crystals are very small and rare. Hence their

* Jour, de Min. No. lxxv. p. 167. t Scheele and Bergman.

X Klaproth, Beitrage, iii. 44.

§ Berzelius, Afhandlingar, iv. 305.

||
Bucholz and Brandes ;

Scliweigger's Jour. xx. 285. The first speci-

men from Schlackenvvald, yellowish-white and of a specific gravity 6 0* 6.

The second from Zinnwald, hrownish, and of a specific gravity 5-959.

*• Kirvvan, i. 134. Brochant, i. 613. Hauy, ii. 309. Hoffmann, in.

1. 150.
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5

primitive form has not been ascertained. They are six-sided chap. u.

prisms, terminated by six-sided pyramids, or double six-sided
v

«

pyramids. Colour yellowish-grey. Principal fracture inter-

mediate between foliated and radiated ; cross fracture uneven.

Fragments wedge-shaped. Lustre of the principal fracture

glistening; of the cross glimmering, resinous. Massive va-

rieties composed of wedge-shaped distinct concretions, passing

into coarse granular. Translucent. Soft. Brittle. Specific

gravity WJ to 4'338.* Easily frangible. When heated it

becomes opaque. Its powder phosphoresces when thrown on

burning coals.f

According to the anaysis of Klaproth, the constituents of

this mineral are as follows :

Carbonate of barytes 9S*246

Carbonate of strontian 1'703

Alumina with iron 0*043

Carbonate of copper 0 008

1 00-000

1

Sp. 2. Sulphate of Baryies§— Ponderous Spar—Baroselenite.

This mineral is found almost always in veins, and frequently

accompanies metallic ores; sometimes, however, it occurs in

beds and imbedded. It is sometimes in powder, often in amor-

phous masses, and often crystallized. The primitive form of

its crystals is a rectangular prism, whosr buses are rhombs,

with angles of 100° 80' and 79° 30'.
||

The varieties of its

crystals amount to I k For a description and figure of them

1 refer to Home de Lisle ** and Haiiy.tt The most common
varieties are, the octahedron with cuneiform summits, the six

or four sided prism, the hcxangular table with bevelled edges.

Sometimes the crystals are needle-form.

Lustre from dull to glistening. Transparency from trans-

lucent to opaque; in some cases transparent. Soft. Specific

gravity from 4*4 to 4*5. Colour commonly white, with a shade

of yellow, red, blue, or brown. When heated it decrepitates.

It is fusible per se by the blue flame of the blow-pipe, and is

converted into sulphuret of barytes. Soluble in no acid cx-

* Watt. f Haiiy. | Beitrnge, ii. 86.

§ Rirwan, i. 138. Brochant, i. 617. Haiiy, ii. 295. Hoffmann, iii. 1.

155.

||
Hatiy, Essai d'une Theorie, p. 1 19. *• Crystal, i. 588.

ft Crystal, i. 588, and Ann. de Chun. xii. 3. and Miner, ii. '298.
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^ookrn^ cept the sulphuric
; and precipitated from it by water. Wer-

ner divides this species into eight subspecies
; namely, earthy,

compact, granular, curved lamellar, straight lamellar, columnar,
prismatic, and holognese. For a minute description of these
subspecies I refer the reader to Professor Jameson's Minera-
logy-

.
The granular subspecies is one of the rarest. It has con-

siderable resemblance to granular lime-stone; but is easily
distinguished by its greater specific gravity, which amounts to
4-380. A specimen from Peggau, analysed by Klaproth, was
composed of

Sulphate of barytes .... 90
Silica 10

100*

GENUS III. STRONTIAN SALTS.

This genus contains only two species
;
namely, the carbo-

nate and sulphate.

Sp. 1. Carbonate of Strontiarif— Strontia?iite.

This mineral was first discovered in the lead mine of Stron-

tian in Argyleshire ; and since that time it is said to have been

discovered, though not in great abundance, in other countries.

It is found amorphous and also crystallized in needles, which,

according to Haiiy, are regular six-sided prisms. It has been
found at Saltzburg, crystallized in regular six-sided prisms.

Colour between asparagus and apple-green, sometimes

greenish-white. Principal fracture is radiated, the rays di-

verging; cross fracture uneven. Lustre of principal fracture

shining, of cross fracture glistening, pearly. Translucent.

Soft. Specific gravity 3*675. % Does not decrepitate when
heated. Before the blowpipe becomes opaque and white, but

does not melt. With borax it effervesces, and melts into a

transparent colourless glass. Effervesces with muriatic acid,

and is totally dissolved. The solution tinges flame purple.

Contains about 2 per cent, of carbonate of lime.

Sp. 2. Sulphate of Slrontian§— Cehstine.

This mineral has been found in Pennsylvania, in Germany,

in France, in Sicily, and Britain. It was first discovered near

* Klaproth's Essays, i. 376, Eng. Trans.

f Hoffmann, iii. 1. 186. \ Klaproth S Iloffmann, iii. i. 190.
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Bristol by Mr. Clayfield. There it is found in such abund- ciap. el

ance, that it has been employed in mending the roads. It oc- */~
curs often massive, but frequently crystallized. The primitive

form of its crystals is a four-sided prism, whose bases are

rhombs, with angles of 104° 48' and 75° 12'. The varieties

of its crystals, as described by Ha'uy, amount to seven.* They

may be referred to four or six-sided prisms, terminated by two,

four, or eight-sided summits. Scratches calcareous spar, is

scratched by fluor spar. Specific gravity from 3 5827 to

3*9581. Causes a double refraction. It may be divided into

three subspecies.

+

Subsp. 1. Compact Sulphate.

This mineral is found in Montmartre near Paris. Colour

yellowish grey. Found massive in round pieces. Lustre dull.

Fracture fine splintery. Opaque. Easily frangible. Scctile.

Specific gravity 3 5 to 3 596. Contains, according to Vau-
quelin,

91*42 sulphate of strontian

8*33 carbonate of lime

0*25 oxide of iron

loooo %

Subsp. 2. Fibrous Sulphate.

Colour between indigo-blue and bluish-grey ; sometimes

passes into milk-white. Massive and crystallized. Lustre of

longitudinal fracture shining; of cross fracture glistening, be-

tween pearly and resinous. Longitudinal fracture foliated;

cross fracture fibrous. Fragments splintery. Has a tendency

to prismatic distinct concretions. Easily frangible. Trans-
lucent. Specific gravity 3*830.5}

Subsp. 3. Foliated Sulphate.

Colour milk-white, often falling into blue. Found massive

and in crystals. Crystals grouped. Lustre of the crystals

shining. Their texture straight foliated. Translucent. Found
in Sicily and in Britain. This subspecies has lately been di-

vided by Werner into two varieties, the tabular and the pris-

matic; for a description of which the reader is referred to

Hoffmann.

Miner, ii. 315. •*• Brochant, i. 642.

t Jour, de Min. No. DM. 355. | Klaproth.
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Boole III.
GENUS IV. MAGNESIAN SALTS.

This genus contains three species
; namely, sulphate, anhy-

drous carbonate or magnesite, and borate.

Sp. ti Sulphate ofMagnesia.

This salt is frequently found effloresced on the surface of

rocks, walls, &c. in different parts of the world. Klaproth
has shown that the substance from Idria, distinguished by the

Germans by the name of Haarsalz, is sulphate of magnesia
nearly pure.* But the most perfect specimen of this mineral

which I have seen is found at Calutayud in Arragon. Its co-

lour is snow-white, its texture fibrous, and it has very much
the aspect of fibrous gypsum. The fibres are small four-sided

prisms. Lustre shining, silky. Translucent. Soft. Brittle.

Very easily frangible. Specific gravity 1*5577. Taste in-

tensely bitter. Not altered by exposure to the air. Very so-

luble in water. I found its constituents

Sulphate of magnesia .... 48*6

Sulphate of soda 1*4

Water 50'0

100'Ot

Sp. 2. Anhydrous Carbonate or Magnesite.

This species was discovered by Dr. Mitchell in serpentine

rocks in Moravia. Colour yellowish-grey, passing into cream-

yellow. Marked with blackish-brown spots. Massive, tuber-

ous. Internal lustre dull. Fracture in the great large flat

conchoidal, in the small splintery. Fragments sharp-edged.

Scratches carbonate of lime; scratched by fluate of lime.

Opaque. Somewhat sectile. Not particularly easily fran-

gible. Feels rather meagre. Adheres strongly to the tongue.

Specific gravity 2*915. When rubbed on woollen cloth it ac-

quires positive electricity. Infusible before the blow-pipe.

The following table exhibits the result of the different ana-

lyses of this mineral hitherto made

:

* Beitrage, iii. 104. t Annals of Philosophy, ix.483.
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t t t %•

49 52 51*00 47 50-7643

48 48 46-59 45'42 47*6334

Silica 4*5

Alumina 1-00 0-5 r

— — 0-16 0-08 —
0-25 0-5

Oxide of manganese . . . .
— 0-2117

Mr.*.. o3 1 00 1 0 1 "3906

100 100 1 oo-oo 100-00 100-0000

Chap. II.

From these analyses we see that the mineral is a combina-

tion of 1 atom of carbonic acid and 1 atom of magnesia.

Sp. 3. Borate of Magnesia.^

Boracite.

This mineral has been found at Kalkberg, near Luneburg,
seated in a bed of gypsum, and likewise near Kiel. It is crys-

tallized. The primitive form of its crystals is the cube.|| In

general, all the edges and angles of the cube are truncated
;

sometimes, however, only the alternate angles are truncated.**

The size of the crystals does not exceed half an inch
; usually

jnuch less.

Internal lustre glistening, between adamantine and vitreous.

Fracture between imperfect small conchoidal and fine-grained

uneven. External lustre shining; internal glistening, grea»v.

Translucent. Semihard. Specific gravity 2-566.++ Colour
yellowish, smoke, and greyish-white; sometimes passing into

greenish-white and asparagus green. When heated it become*
electric ; and the angles of the cube are alternately positive and
negative, tt Before the blowpipe it froths, emits a greenish
light, and is converted into a yellowish enamel, garnished with
small points, which, if the heat be continued, dart out in

sparks.§§

• Klaprotli, Beitrage, v. 100.

+ Bucholz, Ann. de Chita, lxxiv. 76.

t Strouieyer, Schweigger's Jour. xiv. 1

.

§ Kirwan,i. 172. Brocbant, i. 589. Haiiy, ii. 337. HoiTmann, iii. 1. 138.

||
Haiiy, Jour, de Min. No. xxviii. 323.

Hauy and Westrumb. ft Westrumb.

1 1 Hauy, Westrumb, and Ann. deChiin. ix. 59.

§§ La Lievre, Jour, de Min. and Ann. de Chim. ix. 59.

VOL. III. 2 E
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Book in. Besides borate of magnesia, Westrumb found in it lime in a
considerable quantity ; but a more recent analysis of Vauque-
lin and Schmidt has shown, that the lime was merely mixed
in the state of a carbonate.

The following table shows the constituents of this species,

according to the best analyses hitherto made:

Boracic acid 68*00 83'4.< .... 55*68

Magnesia 13*50 16*6 32
Lime 11-00 —
Silica 2 100t 2*27

Alumina 1

Oxide of iron .... 0*75 0*45

Loss 3*75 9*60

100*00* 100*00 %

GENUS V. ALUMINOUS SALTS.

I have no doubt that this genus will hereafter become
much more extensive than it is at present, and that it will in-

clude many of those which I have left in the first order of

stony bodies. At present, I shall venture to introduce only

the following seven species.

Species 1. Alum.

This salt occurs in capillary crystals on slate clay. I have

a specimen of octahedral crystals of alum, picked up by my
friend, Mr. Macintosh of Glasgow, from the alum-slate at

Whitby. The capillary crystals I consider as not perfect

alum; but there can be no doubt respecting the octahedral

crystals.

Sp. 2. Aluminite, or Subsulphate of Alumina.

This mineral was first found in the alluvial strata round

Halle in Saxony. Mr. Webster, and Mr. Smithson Tennant

more lately found it at New Haven, near Brighton, in the

south of England.

Colour snow-white. In small reniform pieces. Dull. Frac-

ture fine earthy. Opaque. Soils slightly. Streak glistening.

Adheres feebly to the tongue. Very soft. Feels fine, but mea-

gre. Specific gravity 1*669. Its constituents areas follows:

* Westrumb. f Vnuquclin.

£ Plafi", Schweigger's Journal, viii. 131.



STONES. 419

#
t

+
+

t+ X

Sulphuric acid . . 19*25 21-5 23-37 23-365 23-554

32-50 31-0 29-868 30-263 30-807

47 45-0 46-762 46-372 45-639

Silica 0- 15

0-35 } — — —
Oxide of iron .

.

0-45

0-5

100-00 100-0 100-000 1 00 000 100000

Chap. IT.

It is obvious from Stromcycr's analysis, that it is a com-
pound of 1 atom sulphuric acid, and three atoms alumina, and
that it contains the same proportion of water as alum, or it is

a compound of 1 atom subtritosulphate of alumina, and 9

atoms water.

Sp. 3. Mellite.%

Honeystone—Mellate of Alumina.

This mineral was first observed in Thuringia, between lay-

ers of bituminous wood and earth coal. It has since been
found at Langcnbogcn, in the circle of Saal. It is of a honey-
yellow colour (hence its name,) and is usually crystallized in

small octahedrons, whose angles are often truncated. Surface
smooth. Lustre splendent. Translucent. Refracts doubly.
Fracture perfect conchoidal. Soft. Specific gravity, according
to Klaproth, 1-550. When heated it whitens; and in the
open air burns without being sensibly charred. A white mat-
ter remains, which effervesces slightly with acids, and which at
first has no taste, but at length leaves an acid impression upon
the tongue.

Its constituents arc

• Simon, Scherer's Journal, ix. 1G2.

+ Buchol/, Gehlen's Jour. iv. 445.

% Stromeyer, Schweisrger's Jour. xix. 421. The first specimen from New-
haveu, in Sussex, the second from Halle, the third from Mori.

§ Emmerling's Lehrbuch, ii. 89. Wiedeman's Handbuch, p. 639. Abich,
Crell's Annals, 1797, ii. 3. Vauquelin, Ann. deChim. xxxvi. 23. Klaproth,
Beitrage, iii. 115. Kirwan's Min. ii. 68. Karsten, Mus. Loch. ii. 335.
Brochant, ii. 73. Haiiy, iii. 335. Hoffmann, iii. 1. 334.

2 E 2
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Book in. Mellitic acid 46

Alumina 16

Water 38

100*

Sp. 4. Phosphate of Alumina or JVavellite.f

This mineral was found long ago by Dr. Wavell, in a quarry-

near Barnstaple in Devonshire. Dr. Babington examined it;

and concluding, from its physical characters, that it differed

from all minerals previously described, gave it the name of

tuavellite, from the discoverer. It has since been found in other

places. Humboldt brought specimens of it from Huelgayoc

in South America.

Of this mineral there are two subspecies, which have been

distinguished by Mr. Gregor, who had an opportunity of ex-

amining various specimens of the mineral from the mine called

Stenna Gwyn, in the parish of St. Stephen's, Cornwall.

Subsp. 1. Soft Wavellite.

It consists of an assemblage of minute crystals attached in

tufts to quartz, and radiating from the point of adherence.

Sometimes they adhere pertinaciously ; at others they are easily

separated. Size of the crystals various ; sometimes they have

the appearance of a fine powder or down ; the larger sort about

the size of a hair. Seldom above a quarter of an inch in

length. Seem to consist of four-sided prisms ; when broken

the section is rhomboidal. Colour white. Surface sometimes

stained ochre yellow. Easily reduced to a powder of a bril-

liant whiteness. Transparent. Specific gravity 2 22. Infu-

sible before the blow-pipe. %

Subsp. 2. Compact JVavellite.

It consists of an assemblage of crystals, closely compacted

together in the form of mamillary protuberances, of the size of

small peas, and intimately connected together. A stratum of

these, about -i-th inch thick, is spread upon quartz in the cavi-

ties of granite. Striee diverge from a centre. Colour the same

* Klnproth, Beitrage, iii. 114.

t Davy, Nicholson's Jour. xi. 153. Gregor, ibid. xiii. Q47. Klaproth,

t. 106.

\ Gregor.
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as the preceding. Hard enough to scratch calcareous spar. chap. rr.

Specific gravity 2*253. Does not imbibe water. Decrepitates
~

when suddenly heated.* Does not become electrical or phos-

phorescent by heat cr fusion.f

From the analyses of Grcgor, Davy, Klaproth, and John,

wavellite was considered as a hydrate of alumina. But it has

been lately shown by Fuchs and Berzelius, that it is in reality

a phosphate of alumina. Its constituents, according to the

analyses of these chemists, are as follows

:

Phosphoric acid 35-12 33*40

Alumina 37*20 35*35

Fluoric acid .... 2*06

Lime .... 0*50

Oxide of iron and manganese . .... 1'25

Water 2S00 26*80

100*32^ 99*3G§

From the experiments of Fuchs, we learn that his lusionite

is identical with wavellile.\\

Sp. 5. Phosphate of Alumina and Magnesia, or Azure Stone**

This mineral was first made known to mineralogists by Klap-

roth,i t who gave a short description of it as found at Vorau in

Austria, and proved that it differed from every other known
mineral. A substance, to which the same name was given, was
found afterwards in Stiria near Waldbach, and in the neigh-

bourhood of Winerisch Neustadt : and described and analysed

in 180b* by Bernhardi and TrommsdoHf'.J * A mineral was
discovered about the same time by Baron Von Moll, to which
the name of mo/lite was first given. It was afterwards called

siderite ; ami Mohs showed that it was the same with the

iZtlrite. In 1807 Leonhard§§ published a description of the

luzulite and siderite, which he considers as two distinct species.

According to him, Bernhardi, TrommsdorfF, and Mohs had
seen only the lazulite and not the siderite. Leonhard's de-

scription of the lazulite differs considerably from that of Bern-

• Gregor. f Davy. J Fuchs, Schweigger's Jour. xxiv. 121.

§ Berzelius; Ann. de Chim. et de Phys. xii. 12.

||
Schweigger's Jour, xviii. 288, and xxiv. 122.

Hoffmann, ii. 1. 28.0. ft Beitrage, i. 197.

Jt Gelilen's Jour. Second Series, i. 20 i.

§§ Ibid. iii. 101.
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Book hi. hardi. In 1807, Klaproth* published a description and ana-
K~~v~-/ iySis 0f a mineral from Kricg'ach iu Stiria, which he called

lazulite, but which obviously- differed in its properties both

from the lazulite and sidcrite of preceding writers. The name
azurite is here confined to the mineral originally pointed out

by Klaproth as from Vorau.

It occurs imbedded in mica slate, and according to Leon-
hard in the rifts of clay-slate. Colour intermediate between

berlin and smalt blue. Disseminated and in crystals, which

are imperfect, but appear to be very oblique four-sided prisms.f

The sides of the prisms arc sometimes smooth, sometimes

faintly streaked longitudinally. Lustre shining, vitreous. Lon-

gitudinal fracture imperfect foliated, cross fracture small grained

uneven. Fragments indeterminate, rather sharp edged. Opaque

or nearly so. Semihard. Brittle. Easily frangible. Speci-

fic gravity 3'057.1 Infusible before the blowpipe per se ; but

loses its colour, tinges the flame blue, and splits into small

pieces.

Its constituents, according to the analysis of Professor

Fuchs, are as follows :

Phosphoric acid 41*81

Alumina 35'73

Magnesia 9 -

34<

Silica 2-10

Protoxide of iron 2*64

Water 6*06

97*68 §

The blue colour of this mineral is probably owing to the

presence of some phosphate of iron.

Sp. 6. Silicate of Alumina or Bucholzite.\\

This is a name given by Brandcs to a mineral which occurs

in the Tyrol, and which was sent to him by Professor Weiss,

under the name of fibrous quartz.

Colour white, interspersed with black spots, sometimes it

has a shade of blue. Lustre shining, waxy, and pearly. The

principal fracture is fibrous, and most remarkably so in the

Beitrage, iv. 279.

+ Bemliardi describes tlie crystals as octahedrons ; but Leonhard says lie

never perceived any such figure in the azurite of Saltzburg.

JFuchs. § Schweigger's Jour. xxiv. 373. ||
Ibid. xxv. 125.
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black spots. The cross fracture is conchoidal. Fragments cfacp.fi.

wedge-shaped, and sharjvedged. When in thin fragments it

is weakly translucent, especially in the white parts of the mi-

neral. Hard enough to scratch glass ; but scratched by quartz.

Its constituents, according to Brandcs' analysis, are as follows:

Silica 46-0

Alumina 50*0

Oxide of iron 2*5

Potash 1*5

100-0

From the variation in the colour of this mineral, it is pro-

bable that the oxide of iron is only mechanically mixed.

Hence the mineral is a neutral silicate of alumina, mixed with

a very small portion of silicate of potash.

The Composition of the mineral called nephelme LI almost

the same with that of Buehol/ite. I lencc there is every

reason to expect that they belong to the same species.

Sp. 7. Cryolite*

This mineral has been hitherto found only at Arksut, about

30 leagues from (foe colony of Juliana Hope in West Green-

land. From this spot it was brought to Copenhagen, where
it lay for eight or nine years unnoticed, till at last i: was ana-

lysed by Abilgaard. Many specimen! of it were collected by

Giesecke. They were captured on their pa»sage to Copen-
hagen, and fell into the hands of Colonel Imrie and Mr. Tho-
mas Allan of Edinburgh. The- primitive form of its crystals

seems to be an octahedron, whose faces are isosceles triangles.

Its colour is greyish-white. Fracture imperfect foliated. Frag-

ments cubic or tabular. Translucent. Hardness inferior to

that of floor spar. Brittle. Specific gravity 2*949. Melts
before it reaches a m! heat, and when simply exposed to the
flame of a candlc.f Abilgaard analysed it, and obtained fluoric

acid and alumina. Klaproth proved that it contains also soda.

The result of his analysis is as follows:

40*5 fluoric acid and water

36 0 soda

23*5 alumina

1000

• Hoffmann, iii. 1. 204.

t Hence it» name from and \ific f, as if it melted as easily as ice.
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This analysis has been confirmed by Vauquelin.*'

CLASS II. SALTS.

Under this class I comprehend all the combinations of al-

kalies with acids which exist in the mineral kingdom. They
constitute the following genera and species :

GENUS I. POTASH.

Sp. 1. Nitrate of potash.

GENUS II. SODA.

Sp. 1. Carbonate of soda.

2. Sulphate of soda.

3. Common salt.

4. Borax.

5. lleissite.

GENUS III. AMMONIA.

Sp. 1. Muriate of ammonia,

2. Sulphate of ammonia.

GENUS I. SALTS OF POTASH.

Sp. 1. Nitrate of Potash.

This salt is found native, mixed with nitrate of lime, mu-
riate of potash, and other impurities, encrusting the surface of

the earth, in different parts of India, the Cape of Good Hope,

Peru, Spain, Molfetta, &c. It is most commonly in fine capil-

lary crystals. Sometimes, though rarely, massive, or in six-

sided prisms. A specimen of native nitre from Molfetta, ana-

lyzed by Klaproth, contained

Nitrate of potash 42-55

Sulphate of lime 25'45

Carbonate of lime 30'40

Muriate of potash 0 20

Loss 1'40

100-OOf

GENUS II. SALTS OF SODA.

Sp. 1 . Carbonate of Soda.

This salt s found in Egypt on the surface of the earth, and

on tne margin of certain lakes which become dry during the

* See Gilbert, hi. 177. f Beitrage, i. 317.
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.

WfTrtfTr It has olii.-rj the appearance of a rough dusty pow- cw*

d«-r, of a grey colour ami alkaline taste. It occur* in China, V—

where it is called kim; near Tripoli, where it is denominated

Ironn ; and likewise in Hungary, Syria, Persia, and India.*

There are two kind» of it; the rorho/uJle, which is in grey-

ish or yellowish-white flake*, and the itf/uu.arlj</nale, which

forms solid radiated maw;* composed of acicular crystals, and

has hitherto Ixren found only in Africa.

A •[>' ' 1 1 ( i
<

1 1 of the first kind from I'igypt wa» found by Klap-

roth to consist of

Dry carbonate of soda 32*G

Dry sulphate of soda 20*8

Dry muriate of wxla J j'O

Wattr

100'Ot

A specimen of the second, or fibrous carbonate, from the

interior of Africa, yielded the same chemist

Soda 37*0

Carbonic acid 38*0

Water 22*5

Sulphate of soda 2 .5

100'Ot

Sp. 2. Sulphate of Soda.

This >ait is found in Austrin, Hungary, Stiria, Switzerland,

and Siberia, always in the neighbourhood of a mineral spring.

It occurs usually in the state of powder, sometimes massive,

and even crystallized in needle* and six-sided prisms. Colour
greyish or yellowish-white.

A specimen from Kger, analyvd by K< — , contained

Sulphate of soda G7*02l

Carbonate of soda ] G*333

Cominon salt 1 1*000

Carbonate of lime 5*GI3

100 000

Sp. 3. Reissile.

Thi« is a complicated salt found in the neighbourhood of

• Kirwai.'i Min. ii. 0. f iJeitrage, iii. 80. | Ibid. iii. p. 87.
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^Bookin^ Sedlitz, and first analysed by Reuss. Hence the name given^ it by Karsten.

It occurs as a mealy efflorescence in loose, earthy, dull par-
ticles, and likewise crystallized in needles, and in flat six-sided

prisms. Its colour is snow-white. Its constituents, according
to the analysis of Reuss, are as follows

:

Sulphate of soda 66'04-

Sulphate of magnesia 31*35

Muriate of magnesia 2" 19

Sulphate of lime 0*42

100-00*

Sp. 4. Muriate of Soda.

Common salt is found in immense masses under the earth's

surface in many countries, particularly in Poland, Hungary,

England, &c. Near Cordova, in Spain, there is said to be a

mountain of common salt 500 feet high, and nearly three miles

in circumference. It occurs in beds, which are usually very

short and thick, and lie over the oldest flo'etz gypsum forma-

tion. Werner divides it into two subspecies; namely, rock

salt and lake salt. The latter is salt deposited at the bottom

of lakes. Rock salt he subdivides into two varieties, from the

fracture and appearance; namely, foliated and fibrous. For a

particular description of these the reader is referred to Profes-

sor Jameson's Mineralogy.

f

Sp. 5. Borax.

This mineral is found in different parts of Thibet, &c. It

is usually mixed with foreign bodies; that of Persia is in large

crystals, enclosed in a 1'atty matter. The primitive, form of its

crystals is a rectangular prism, but it occurs usually in six-

sided prisms, whose edges arc variously truncated. Its colour

is greyish, yellowish, or greenish-white. Fracture foliated or

conchoidal. Translucent. Refracts doubly.]: Tastes sweet

and somewhat acrid.

Its constituents, according to the analysis of Klaproth, are

• Karsten's Tabellen, p. 57.

J Haiiv, ii. 3(iG.

f Vol. ii. p. 320.
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Boracic acid 37 chap. a.

Soda 14-5
'

—

g—
Water 47'0

Loss 1'5

100*0*

GENUS III. SALTS OF AMMONIA.

Sp. 1. Muriate of Ammonia.

This salt occurs near volcanoes, of which it is a product. It

is found also in Persia. It is found usually in the state of

powder in the middle of lava; sometimes in mass, and even in

very irregular crystals. Colour white, often with a shade of

yellow or green. Very soft.

A specimen of this salt from Tartary yielded Klaproth

Muriate of ammonia .97*5

Sulphate of ammonia 2*5

100-0

1

Sp. 2. Sulphate of Ammonia or Muscagnine.

This occurs amon«r the lavas of ^Etna and Vesuvius. Co-
lours yellowish-grey and lemon-yellow. In mealy crusts. Dull.

Fracture uneven or earthy. Semitransparent or opaque. Taste

sharp and bitter.

( I. ASS III. COMBUSTIBLES.

This class comprehends all the combustible substances which
constitute a part of the mineral kingdom, except the diamond
and the mcllite, which have been already described, and the

metals, which belong to the fourth class of minerals. They
have been divided into four genera; namely,

1. Sulphur. 3. Bitumen.

2. Resin. 4. Graphite.

GENUS I. SULPHUR.

This genus comprehends only one species, namely, native

sulphur i though perhaps orpimait, usually placed among the

ores of arsenic, might, without impropriety, be referred to it.

Sp. 1. Native Sulphur. X

This mineral occurs commonly in masses of gypsum, lime-

• Beitrage, iv. 350. f I bid. iii. 94.

t Kirwan, ii. Gy. Brochant, ii. 37. Hauy, iii. 277.
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stone, and marl. It is sometimes found in veins traversing
primitive rocks; and Humboldt observed it in South America
in mica slate, constituting a bed along with quartz.

Colour sulphur-yellow, passing into honey, lemon, and wax
yellow, with a mixture of grey or brown. Massive, disse-

minated, and crystallized. The primitive form of its crystals

is an octahedron, composed of two four-sided pyramids,
joined base to base. The sides of these pyramids are scalene

triangles, and so inclined that the plane where the bases of
the pyramids join is a rhomb, whose long diagonal is to its

short as 5 to 4.* Sometimes the apices of the pyramids, to

use the language of Rome de Lisle, are truncated; sometimes
they arc separated from each other by a prism ; sometimes

they are truncated near their bases, and a low four-sided py-
ramid rises from the truncature : this pyramid is also some-

times truncated near its apex. Finally, one of the edges of

the pyramids is sometimes truncated. For figures of these

varieties, and for the laws of their formation, the reader is

referred to Mr. Lefroy.f

Surface of the crystals smooth. Lustre splendent; internal

lustre shining, adamantine. Fracture small-grained uneven,

passing into splintery. Fragments blunt-edged. Translucent.

Crystals transparent. Refracts doubly. Very soft. Very

easily frangible.

The sulphur in the neighbourhood of volcanoes differs some-

what in its properties from common native sulphur.

GENUS II. RESIN.

This genus comprehends three species
;

namely, ennber,

retinasphaltum, and Highgate resin.

Sp. 1. Amber.

This substance, called electrum by the ancients, is found in

different countries ; but most abundantly in Prussia, either

on the sea-shore, or under ground at the depth of about 100

feet, reposing on tuood coul.X It is in lumps of different sizes.

Werner divides it into subspecies: namely, white and yellow

amber.

Subsp. 1. JVinte Amber.

Colour straw-yellow; sometimes inclining to yellow-white.

* Rome de Lisle, i. 202. Ilaiiy and Lefroy, Jour, de Min. No. xxix. 337.

t Jour, de Min. No. xxix. 337. % Kirwan, Mineralogy, ii. 66.
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Massive. Lustre shining, resinous. Fracture conchoidal. chap. ir.

Fragments sharp-edged. Translucent. In other respects ' *
'

agrees with the succeeding.

Subsp. 2. Yelloiv Amber.

Colour wax-yellow, passing into honey-yellow, yellowish-

brown, and hyacinth-red. In blunt-edged pieces with a rough

surface. External lustre dull ; internal splendent ; between

resinous and vitreous. Fracture perfect large conchoidal.

Fragments very sharp-edged. Transparent. Soft. Rather

brittle. Easily frangible. Specific gravity from 1-078 to 1-085.

Sp. 2. Retinasplialtum.

This mineral, found at Bovcy, and described and analyzed

by Mr. Hatchett, belongs to the resin genus, and connects

this »'enus with that of the bitumens; rctinasphahum befog

a compound of resin and bitumen. For a description of it,

see vol. ii. p. 389.

In the year 181 1 Bucholz published an analysis of a sub-

stance, which he found in kidney-shaped masses in the town

ditch of Halle, which is probably only a variety of the re-

tinasplialtum of Hatchett. Its colour is brownish-yellow.

Its lustre resinous. It is opaque. Very easily frangible. When
heated it melts and emits a resinous odour mixed with the

odour of storax. Bucholz found it a compound of

Resin soluble in alcohol 91

Resin insoluble in alcohol (similar to amber) .... 9

100 *

Sp. 3. Highgaie Mesm,

This substance was found at I lighgate, near London, while

work-men were engaged in digging out the new road through

the hill.

Colour muddv \ ellowish-brown. Occursin irregular roundish

pieces. Lustre resinous. Semitransparent. Surface smooth.

Brittle. Less frangible than common resin, more frangible

than copal. Softer than copal. Specific gravity 1*046. When
heated melts into a limpid fluid, and gives out a resinous and
aromatic odour. Takes fire at the flame of a candle, and
burns all away without leaving any residue. Insoluble in

potash ley and acetic acid ; soluble in ether and partially in

alcohol.

* Schweigger's Journal, i. 290.
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Bookm . GENUS III. BITUMEN.

This genus contains four species
; namely, petroleum, mine-

ral pitch, brown coal, and black coal.

Sp. 1. Petroleum or Mineral OiZ.*

This substance usually flows from rocks of the coal forma-

tion, and generally from the immediate vicinity of coal.

Colour brownish-black. Liquid, but viscid. Translucent.

Lustre shining, resinous. Feels greasy. Wets. Smell bi-

tuminous.

Sp. 2. Mineral Pitch.'

The substances arranged under this species occur chiefly in

veins. Werner divides it into three subspecies, earthy, slaggy,

and elastic mineral pitch.

Subsp. 1. Earthy Mineral Pitch.

This is the substance commonly known by the names of

mineral pitch and maltha. Colour blackish-brown. Massive.

Lustre dull ; of streak shining, resinous. Fracture earthy or

small-grained uneven ; sometimes nearly splintery. Frag-

ments blunt-edged. Very soft. Sectile. Easily frangible.

Feels greasy. Light ; almost swims on water. Smell bi-

tuminous.

Subsp. 2. Slaggy Mineral Pitch.

Colour velvet-black; sometimes approaching brownish-

black. Massive. Internal lustre splendent to glistening, re-

sinous. Fracture imperfect, or perfect conchoidal. Fragments

pretty sharp-edged. Very soft. Opaque. Sectile. Retains

its lustre in the streak. Easily frangible. Feels greasy.

Specific gravity from 1'07 to 1-165. Smell bituminous.

Subsp. 3. Elastic Mineral Pitch, or Mineral Caoutchouc.

Found in Derbyshire. Colour blackish-brown ;
sometimes

inclining to brownish-black, sometimes reddish-brown. In-

ternal lustre shining and glistening, resinous ;
of streak shin-

ing. Fracture curved slaty ; cross fracture conchoidal. Frag-

ments slaty. Translucent on the edges. Very soft. Sectile.

Flexible and elastic. Specific gravity from 0'9053 to 1-233.

For a minute description of the varieties of this substance,

* Kirwan, ii. 42. llalchett. Linnican Trans, iv. 131. Brochant, ii. 59.

Hauy, iii - 312.
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1

the reader is referred to Mr. Hatchett's paper in the Linneean chap.^r

Transactions.*
Sp. 3. Brou n Coal.

This important species has been divided by Werner into

six subspecies ;
namely, bituminous tvood, earth-ami. alum-

earth, common brown coal, paper-coal, and moor-coal.

Subsp. 1. Bituminous fVood.f

This mineral, which in its shape resembles the stems and

branches of trees a little flattened, occurs along with common

brown coal, usually in the floetz trap and alluvial formations.

It is found at Bovey in Devonshire, and in Iceland is known

by the name of surturbrand.

Colour light or dark-brown, approaching wood-brown or

brownish-black. Lustre of principal fracture glimmering ; of

cross fracture shining; of the streak shining. Fracture in the

[rreat slaty, in the small fibrous; cross fracture sometimes im-

perfect conchoidal. Fragments commonly splintery. Opaque.

Soft. Sectile. Flexible and somewhat clastic. Light.

Subsp. 2. Earth Coal.\

Found along with bituminous wood in the county of Mans-

field, and on the Saal often in thick strata. It is kneaded

with water in troughs, formed in moulds into the shape of

brick*, and dried ; in this state it is used as fuel.

Colour blackish-brown ; sometimes passes into yellowish-

grey. Nearly loose. Particles dusty ; soils a little. Internal

lustre scarce glimmering; streak nearly shining. Falls to

powder.
Subsp. 3. Alum-earth.^

Occurs in beds in alluvial land, and in the floetz trap

formation. Colour blackish-brown. Massive. Lustre dull ;

sometimes glimmering, from mica ; of streak shining. Frac-

ture earthy with a tendency to slaty. Fragments tabular.

Feels meagre and sometimes greasy. Sectile. Between very

soft and friable. Its constituents as determined by the analysis

of Klaproth, are as follows :

• Under the denomination ot asphaltum, in vol. ii. p. 380 of this work,

I include the two first subspecies of mineral pitch.

+ Kirwun, ii. 60. Brochant, ii. ii. Von Troil's Letters on Iceland,

I
p. 42. llatchett, Phil. Trans. 1804. Parkinson's Remains of a Former

' World, p. 104.

I Klaproth, iii. 319.

§ Drochant, i. 383. Klaproth, Gehlen's Jour. vi. 44.
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Book in. Charcoal 19*65
' Sulphur 2*85

Silica 40-00

Alumina 16*00

Oxide of iron 6 '40

Sulphate of iron 1*80

Sulphate of lime T50
Magnesia 0*50

Sulphate of potash 1*50

Muriate of potash 0*50

Water 10*75

101-45*

Subsp. 4. Common Brown Coal.-f

This mineral is found abundantly at Bovey. Colour light

brownish-black. Massive. Internal lustre shining, resinous.

Streak lighter. Fracture imperfect large conchoidal. Frag-

ments sharp-edged. Soft. Sectile. Not very brittle. Easily

frangible. Light.

Subsp. 5. Paper Coal. J

This mineral has been hitherto observed at Skoplan near

Rolditz in Saxony. Colour blackish-brown. Massive. In-

ternal lustre glimmering to glistening, resinous. Fracture

very thin slat}r
. Cross fracture appears to be flat conchoidal.

Splits into paper like distinct concretions. Opaque. Streak

shining. Very soft. Sectile. Very easily frangible. Light.

Subsp. 6. Moor Coal.

Found in Bohemia and other parts of Germany. Colour

dark blackish-brown. Massive. Internal lustre glistening,

resinous ; of streak shining. Principal fracture imperfect

slaty ; cross fracture even, approaching flat conchoidal. Frag-

ments trapezoidal, approaching cubical. Soft. Sectile. Very

easily frangible. Light. When exposed to the air it bursts

and falls to pieces.

Sp. 4. Black Coal.§

Under this species are included almost all the varieties of

coal that are used in this country for fuel. It is divided into

* Gehlen's Jour. vi. 44.

+ Mills, Phil. Trans, li. 534. Brochant, ii. 47. Scammell, Parkinson's

Remains of a Former World, p. 126. Hatchet t, Phil. Trans. 1804.

X Hofi'maun, iv. 2. 138. § Ibid. 379.
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six subspecies ;
namely, pitch, columnar, slate, cannel, foliated, ctap

and course coal.

Subsp. 1. Pitch Coal—Jet.

Occurs in all the three coal formations, but most com-

monly in that which belongs to the flo'etz trap.

Colour velvet-black ; sometimes brownish-black. Massive,

in plates; sometimes in the shape of branches of trees, but

without a regular woody texture. Internal lustre shining, re-

sinous. Fracture perfect large conchoidal. Fragments sharp-

edged. Soft. Rather brittle. Easily frangible. Specific

gravity 1*308.

Subsp. 2. Columnar Coal.

Hitherto found only in the Meissner in Hcssia along with

other subspecies.

Colour between velvet and greyish-black ; sometimes in-

clining to iron-blue. Massive. Internal lustre shining, re-

sinous, or inclining to scmimetallic. Fracture impeffect con-

choidal. Occurs in thick columnar distinct concretions with

glimmering surfaces. Soft. Rather brittle. Very easily fran-

gible. Light. Burns without flame, leaving a greyish-white

ash.

Subsp. 3. Slate Coal.

This is the common coal of England and Scotland, oc-

curring most commonly in the independent coal formation.

Colour between velvet and dark greyish-black. Massive.

Lustre shining, resinous. Principal fracture nearly perfect

slaty; cross fracture small-grained uneven, pnssing into even
and imperfect conchoidal. Fragments sometimes trapezoidal.

Soft. Approaching to scctilc. Easily frangible. Specific

|

gravity from 1*250 to 1-370 *

Subsp. 4. Cannel Coal.

Accompanies the preceding [subspecies. Found at Wigan
iin Lancashire, and in various parts of Scotland.

Colour dark greyish-black. Massive. Internal lustre

glistening; resinous. Fracture sometimes flat large con-
-choidal, sometimes even. Fragments sometimes cubical.
lEasily frangible. Specific gravity from 1-232 to 1'275. Often
(cut into various vessels and ornaments.

VOL. III.

* Kirwan.

2 F
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•«ok nr. Subsp. 5. Foliated Coal.

Found in Saxony and Silesia in the independent coal for-

mation. Colour between velvet and greyish-black. Massive.

Lustre of principal fracture splendent; of cross fracture

glistening, resinous. Longitudinal fracture straight foliated,

with a single cleavage ; cross fracture slaty. Fragments ap-

proaching to cubical. Soft. Approaching Sectile. Very
easily frangible. Light.

Subsp. 6. Coarse Coal.

Occurs in the neighbourhood of Dresden. Colour dark

greyish-black. Massive. Lustre glistening. Cross fracture

coarse-grained uneven
; longitudinal generally slaty. Frag-

ments rather blunt-edged. Semihard; the hardest subspecies

of coal. Rather brittle. Easily frangible. Heavier than

the preceding subspecies.

The following table exhibits a view of the constituents of

such of the preceding subspecies of brown and black coal as

have been hitherto analysed

:

Bituminous Wood.* Earth Coal. +

Vegetable earth .

.

. . 54 Volatile matter . .

.

. 62-25

. 20-25

Sulphate of iron .

.

. . 10-7 . 2-0

. .
12-7 Sulphate of lime .

.

. 2-5

Sulphate of lime .

.

.. -7 1-0

. .
-2

.
0-5

Sand .
11-5

ioo-o ioo-o

Alum Earth. J Bovey Coal. ^

19-65 45

2-85 , , . 55

40-00

1G-00 100

6-40

Sulphate of iron . .

.

.
1-80

Sulphate of lime . .

.

.
1-50

0-50

Sulphate of potash

.

.
1-50

Muriate of potash . .
0-50

10-75

91'45
* Vauquelin.

} Klaprotli, Gchlen's Jour, vi.44.

f Klaprotli, iii. 319.

§IIatchctt, Phil. Trans. 1804.
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GENUS IV. GRAPHITE. Chap. II.

This genus contains two species
;
namely, glancecoal, and

^m^/mm^

graphite.

Sp. L Glance Coal.*

Glance coal, so called by the Germans on account of its

great lustre, is divided by Werner into two subspecies, the

first of which is much more uncommon than the second.

Subsp. 1. Conchoidal Glance Coal.

Hitherto has been found only in the newest floiitz trap for-

mations. Colour iron-black, rather inclining to brown. Sur-

face tarnished like tempered steel. Massive and vesicular.

Internal lustre shining, metallic. Fracture large and small

i conchoidal. Fragments sharp-edged. Soft. Rather brittle.

Easily frangible. Light. Burns without flame or smell.

Subsp. 2. Slaty Glance Coal—Anthracite— Kilkenny Coal.

Supposed peculiar to primitive and transition rocks till

Professor Jameson discovered it in the independent coal for-

mation in the island of Arran. Colour dark iron-black, sel-

idom inclining to brown. Massive. Lustre shining, between

i metallic and semimetallic. Principal fracture more or less

[perfect slaty; cross fracture small flat conchoidal. Fragments

[pretty sharp-edged ; sometimes trapezoidal. Soft. Easily

(frangible. Between sectile anil brittle. Specific gravity

ffrom 1-415 to l'800.t

This species consists of charcoal destitute of bitumen, cither

rwith or without an ail mixture of earthy matter.

Sp. 2. Graphite.%

Plumbago.

This species, like the last, is divided into two subspecies;

namely, scaly, and compact graph itr.

Subsp. I. Scaly Graphite.

Colour dark steel-grey, approaching to light iron-black.

^Massive. Lustre glistening, metallic ; of the streak shining,

tmetallic. Fracture scaly foliated; sometimes passing into

large conchoidal ; sometimes slaty and uneven. Fragments
ttrapezoidal. In granular distinct concretions. Very soft.

• Hoffmann, iii. 1. 314.

f That of Kilkenny coal I find to be 1*4354.

X Hoffmann, iii. 1. 309.

2 f2
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Sectile. Rather tough. Writes and soils. Feels very greasy.

Specific gravity from 1*987 to 2-267.*

Subsp. 2. Compaci Graphite.

Colour rather blacker than the preceding. Internal lustre

glimmering, metallic. Fracture fine-grained uneven, passing

into even; also large flat conchoidal. In other characters

agrees with the preceding subspecies.

CLASS IV. ORES.

This class comprehends all the mineral bodies, composed

either entirely of metals, or of which metals constitute the

most considerable and important part. It is from the mi-

nerals belonging to this class that all metals are extracted >

for this reason they have obtained the name of ores.

As the metals at present known amount to 28, I should di-

vide this class into 28 orders, allotting a distinct order for the

ores of every particular metal ; but there are several metals

which have been hitherto found only in other ores. Hence

the orders are reduced to 24.

Metals exist in ores in one or other of the five following

states: 1. In a metallic state, and either solitary or combined

with each other: 2. Combined with sulphur; 3. In the state

of oxides; 4. In the state of chlorides; 5. Combined with

acids. Each order therefore may be divided into the five

following genera

:

1. Alloys. 4. Chlorides.

2. Sulphurets. 5. Salts.

3. Oxides.

It must be observed, however, that every metal has not

hitherto been found in all these five states, and that some of

them are hardly susceptible of them all. Some of the orders,

therefore, want one or more genera, as may be seen from the

following table

:

§

order* Order I. Gold. Order IV. Iridium.

1. Alloys. 1. Alloys.

Order II. Platinum. Order V. Tellurium.

1. Alloys. 1. Alloys. •

Order III. Palladium. Order VI. Mercury.

1. Alloys. I. Alloys.

lvirwan.
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2. Sulphurets.

3. Oxides.

4. Chlorides.

Order VII. Silver.

1. Alloys.

2. Sulphurets.

3. Oxides.

4. Chlorides.

5. Salts.

Order VIII. Copper.

1 . Alloys.

2. Sulphurets.

3. Oxides.

4. Salts.

Order IX. Iron.

1. Alloys.

2. Sulphurets.

3. Oxides.

4. Salts.

Order X. Manganese.

1. Oxides.

2. Salts.

Order XI. Cranium.

1. Oxides.

Order XII. Cerium.

1. Oxides.

2. Salts.

Order XIII. Tantalum.

1. Oxides.

Order XIV. Cobalt.

It Alloys.

2. Sulphurets.

3. Oxides.

4. Salts.

Order XV. Nickel.

1. Alloys.

2. Oxides.

3. Salts.

Order XVI. Molybdenum.

L Sulphurets.

Order XVII. TSn.

1. Sulphurets.

2. Oxides.

Order XVIII. Titanium.

1. Oxides.

2. Salts.

Order XIX. Zinc.

1. Sulphurets.

2. Oxides.

3. Salts.

Order XX. Bismuth.

1 . Alloys.

2. Sulphurets.

3. Oxides.

Ordlr XXI. J^ad.

1. Sulphurets.

2. Oxides.

S. Chlorides.

4. Salts.

Order XXII. ^Intimony.

1. Alloys.

2. Sulphurets.

3. Oxides.

4. Salts.

Order XXIII. Arsenic.

1 . Alloys.

2. Sulphurets.

3. Oxides.

4. Salts.

ORDER I. ORES OF GOLD.

No metal, perhaps, if we except iron, is more widely scat- situate,

tcred through the mineral kingdom than gold.* Hitherto it

lias been found only in a metallic state; most commonly in

grains, ramifications, leaves, or small crystals. Occurs in

Bergman.
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Book in. gneiss, mica-slate, clay -shite, also in veins. It is generally

Jff ^ ~ mixed with quartz, though there are instances of its having

occurred in calcareous rocks. It is not uncommon also to

find it disseminated through the ores of other metals; espe-

cially iron, mercury, copper, and zinc. The greatest quan-

tity of gold is found in the warmer regions of the earth. It

abounds in the sands of many African rivers, and is very

common in South America and India. Europe, however, is

not destitute of this metal. Spain was famous in ancient

times for its gold mines, and several of the rivers in France

contain it in their sands.* But the principal gold mines in

Europe are those of Hungary, and next to them those of

Saltzburg. Gold also has been discovered in Sweden and

Norway, and more lately in the county of Wicklow in Ireland.f

Sp. 1. Native Gold.X

Found disseminated in grains, plates, and small crystals

;

commonly in cubes, octahedrons, and rhomboidal dodeca-

hedrons. Fracture hackly. Soft. Ductile. Flexible, but

not elastic. Very heavy. Native gold is never completely

pure ; it is alloyed with some silver or copper, and sometimes

with iron. In the native gold found in Ireland, indeed, the

quantity of alloy appears to have been exceedingly small.

Werner divides this species into three subspecies, according

to the metal with which the gold is alloyed.

Subsp. I. Pure Gold.

Colour gold-yellow. It contains only a very minute pro-

portion of silver or copper. Specific gravity from 17"0 to

19'0.'§

Subsp. 2. Brass-yelloiv Native Gold.

Colour brass-yellow. Alloyed with a greater proportion of

silver or copper. I found the specific gravity of a specimen

in my possession 14-4567. On picking out the larger pieces

and weighing them separately, I found their specific gravity

only 13-6986. A proof that they were not quite free from

* Reaumur, Mem. Par. 1718, p. 68.

f Lloyd, Phil. Trans. 1796, p. 36. Mills, ibid. p. 38. Nicholson's

Journal, ii. 224.

X iirochant, ii. 80. Ilaiiy, iii. 374. Jameson, iii- 8.

§ Fabroni affirms that it sometimes occurs in the state of pure gold.

See Ann. de Chim. lxxii. 25.
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interstices. On analyzing this specimen, I obtained the fol-

following constituents:

Gold . . . 7S

11-8

9-4S

, .
0-72

100-00

On dissolving the copper in sulphuric acid, I found it not

quite free from iron. But as it had been precipitated by a

metallic plate, I have not ventured to place iron among the

constituents of the ore.

Subsp. 3. Greyish-yellow Kat'we Gold.

Colour between steel-grey and brass-yellow. Supposed to

contain a portion of platinum. Sometimes it contains palla-

dium.*

Sp. 2. Electrtim.f

The term eleclrum, applied by the ancients to a mixture of

gold and silver, has been given by Klaproth to an ore from

Schlangenberg in Siberia, which he found by analysis to be a

compound of these two metals.

Its colour is pale golden yellow. It occurs in solitary plates,

needles, or imperfect cubes, scattered sometimes in a grey-

coloured sulphate of barytcs, sometimes in hornstonc. It is

composed of

Gold 0J
Silver 36

100

ORDER !I. ORES OF PLATI N U M.J

Hitherto no mine of platinum has been discovered. It is

found in small scales or grains in the sands of the river Pinto,

* Cloud, Ann. deC'him. lxxir. 99. t Klaproth, Beitraue, iv. 1.

I See Brownrig^, Phil. Trans, xlvi. 581. Lewis, ibid, xlviii. 638; and

1. 148. MarpratV, Mem. Berlin, 1757, p. 314. Macquer, Mem. Par. 1758,

p. 119. Button, Jour, de Pbys. iii 32-1. Morveau, ibid. vi. 193. Berg-

man, Opusc. ii. 166. TilletjMem. Par. 1779, p. 373, 385, and 545. Crell,

Crell's Annals, 1784, 1 Band, 328. Willis, Manchester Meaioirs, ii. 467.

Mussin Poachkin. Ami. de Limn. xxiv. 205. Morveau, ibid. xxv. Proust,

ibid, xxxvi. 186. Brochant, ii. 86. llauy, iii. 368. Hoffmann, iv. 2. J.
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B»ok nr. at Choco, Popayen, and Quito in Peru, and near Carthagena^ ^ in South America. Repository unknown. It occurs also in

Brazil in the silver mines of that country, and in the same
state of small grains as in Peru. It is also accompanied by
the four new metals which are found in the Peruvian pla-

tinum.*

GENUS I. ALLOYS OF PLATINUM.

Sp. 1. Native Platinum—Plalina.

Colour very light steel-grey, which approaches silver-white.

Occurs in small grains, sometimes a little convex on one side.

Lustre shining metallic. Fracture not determined. Soft.

Malleable. Flexible. Specific gravity never exceeds 17'7.f

Soluble in nitro-muriatic acid.

A mass of native platinum weighing 1 pound 9 ounces and

one dram, and of an oval figure, was found in 1814 in the

Quebrada de Apoto, in the province of Notiva in the govern-

ment of Choco in South America. Dr. Ignaico Hurtado, the

proprietor, made a present of it to the King of Spain, and it

is now deposited in the Museum of Madrid.

ORDER III. ORE OF PALLADIUM.

Native palladium was detected by Dr. Wollaston in the na-

tive platinum from Brazil. It occurs in small plates similar in

colour to native platina, but is easily distinguished by its tex-

ture, which is diverging fibrous. It contains a small portion

of platinum and iridium united to il4

ORDER IV. ORE OF IRIDIUM.

MtMtfon. Hitherto this ore has been found only mixed with that of

platinum, in grains so nearly similar to those of that ore as

scarcely to be distinguishable by the eye. It was first dis-

covered by Dr. Wollaston, who treated crude platina in con-

siderable quantities with nitro-muriatic acid. The ore of iri-

dium remained behind, not being in the least acted on by that

menstruum.

* Wollaston, Phil. Mag. xxxiii. 250. Vauquelin has lately detected pla-

tinum in the silver mine of Guadalcanal in Estremadura, a province of Spain.

In the ore of that mine it is in the metallic state, sometimes in very minute

quantity, sometimes in the proportion of 10 per cent. In this ore it is not

mixed with the four newly discovered metals which accompany American

platinum. This is the first well authenticated instance of the discovery of

platinum in the Old Continent. Ann. de China, lx. 317.

t Wollaston. t Wollaston, Phil. Trans. 1809, p. 189.
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The ore of iridium is harder than crude platina, is not
v

cha P-

malleable, appears to be composed of plates of a peculiar lustre.

Specific gravity 19"5. Composed of osmium and iridium

alloyed together.*

ORDER V. ORES OF TELLURIUM."}"

Hitherto tellurium has only been found in Transylvania.

It occurs in the mines of Fatzbay, OfFenbanya, and Nagyag

;

which are considered as gold mines, because they contain less

or more of that metal. Tellurium has been found only in the

metallic state, combined with gold, silver, or lead. There are

four ores of it, distinguished from each other since the analysis

of Klaproth ;
namely,

I. ALLOYS.

1. Native tellurium. 3. White or yellow ore.

2. Graphic ore. k Foliated or black ore.

GENUS I. ALLOYS.

Sp. 1. Native Tellurium.X

Aurum Paradox'taim^ Problematicum.

This mineral has been found only in the mine of Mariahilf,

in the Fatzbay mountains in Transylvania. It occurs massive

and disseminated ; and also crystallized, it is 6aid. Lustre
shining metallic. Fracture foliated. In small granular dis-

tinct concretions. Soft. Easily frangible. Specific gravity

6-1 15.$

Sp. 2. Graphic Ore.\\

Schrifterz. Aurum Graphicum.

This species has been found only in the mine called Fran-
ciscus, at OfFenbanya in Transylvania. It is usually in the
state of small six-sided prismatic crystals, grouped together in

rows, and often disposed in such a way as to have a resemblance
to written characters. Colour light steel grey. External
lustre splendent; internal glistening, metallic. Fracture finc-

* Wollaston, Phil. Trans. 1805. \ Klaproth, iii. 1.

X Klaproth, iii. 2. Brochant, ii. 480. Haiiy, far. 325. Hoffmann, ir.

1. 126.

§ Klaproth.

||
Klaproth, iii. 16. Brochant, ii. 482. Haiiy, W. 327. Hoffmann,

iv. 1. 129.
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grained uneven, Fragments sharp-edged. Soft. Brittle.
Specific gravity 5*723.*

Sp. 3. White or Yellow Ore.f Gelberz of Klaproth.

This ore has been found only in the mine of Nagyao- in
Transylvania. It seems to bear a strong resemblance to the
last species. Found disseminated, or crystallized in small
four-sided prisms. Colour silver-white, passing into brass-
yellow. Lustre of the principal fracture splendent, of the
cross fracture glistening, metallic. Fracture in one direction
foliated, in another small-grained uneven. Soft. Somewhat
sectile. Specific gravity 10*678.*

Were we to suppose the lead accidentally mixed, the com-
position of this ore would agree with that of the last.

Sp. 4. Foliated or Black Ore.t

This ore is found at Nagyag, and is wrought for the gold

which it contains. It occurs in plate's, or in six-sided tables

somewhat elongated. Colour between lead-grey and iron-

black. External lustre splendent ; internal glistening, metallic.

Fracture foliated. Fragments tabular. In granular distinct

concretions. Stains a little. Soft. Leaves slighty flexible.

Specific gravity 8*919.* Soluble in acids with effervescence.

The following table exhibits a view of the constituents of

these ores, according to the analysis of Klaproth.

Native. Graphic. Yellow. Foliated.

§ II

** ft
Tellurium 92*55 60 44*75 32*2

Gold 0*25 30 26*75 9*0

Iron 7*20 .... — .... — .... —
Silver — 10 S*50 0*5

Lead — .... — .... 19*50 .... 54*0

Copper — .... — .... — .... 1*3

Sulphur — — 0*50 3*0

100*00 100 100*00 100*00

ORDER VI. ORES OF MERCURY.

Mercury is found in Europe, particularly in Spain, Ger-

* Muller of Reichenstein.

•*- Klaproth, iii. 20. Brochant, ii. 434. llofl'mann, i\ . 1. 131.

% Klaproth, iii. 26. Brochant, ii. liJG. Hoffmann, iv. 1. 134.

§ Beitrage, iii. 8. || Ibid. p. 20. ** Ibid. p. 25. ft Ibid. p. 32.
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many, and Hungary : it is found also in China,* the Philip- ^P-jL

pine's, f and in Peru, and perhaps Chili J in South America.

The most productive mines of mercury are those of Idria; §

of Almaden, near Cordova in Spain, which were wrought by

the Romans; [j
of the Palatinate;** and of Guanca Velica

in Peru.ft

Mercury has never been found in Britain, nor has any mine

worth working been discovered iu France.

The following table exhibits a view of all the ores of this

metal hitherto observed.

I. Alloys. 2. Carbo-sulphuret.

1. Native. Ill- Chloiudes.

2. Amalgam of silver. I. Horn mercury.

II. SuLPIIURETS.

L Cinnabar.

It is from the sulphuret that most of the mercury of com-

merce is extracted. Mercury occurs in two distinct forma-

tions ;
namely, in beds among rocks of clay slate, talc slate,

and chlorite slate, in primitive mountains; and in the inde-

pendent coal formation.

GENUS I. ALLOYS.

Sp. 1. Native Mercury.\%

Native mercurv is found in most mercurial mines; it is in

small globules, scattered through different kinds of stones,

clays, and ores.

Fluid. Colour tin-white. Specific gravity about 13 6.

Sp. 2. Amalgam of Silver. Native Amalgam.

This mineral has been found in the lead mine of Sala, |||| in

the provines of Wcstmannlaud in Sweden ; in the mines of

Deux Pouts,*** in the Palatinate ; and in other places. It is

• See F.ntrecolle's Lettres Edificantes. f C'arreri's Voyages.

X See Molina's Natural History of Chili.

S Scopoli, Jour, tie Min. No. . p. 915.

||
See Bowie's Natural History of Spain, and Jour, de Min. No. xxxi.

p. 355.

Jour, de Min. Nos. vi. and vii.

+ r See Ulloa's Memoirs concerning America.

1 1 Brochant, ii. 90. Haiiy, iii. 423.

§§ Kirwan, ii. 223. Brochant, ii. 99. Haiiy.iii. 432.

IHI Crunstedt's Min. ••« Heyer, Crell's Annals, 1796.
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Bookm. in thin plates, or grains, or crystallized in octahedrons and
dodecahedrons.

Its colour is silvery white or grey. Fracture conchoidal.

Lustre metallic. Creaks when cut. Very soft. Specific gra-

vity above 10. Tinges gold white. Before the blow-pipe the

mercury evaporates and leaves the silver.

A specimen of this amalgam, analysed by Klaproth, con-
tained

constitu- Mercury . . 64?
ems.

Oliver 36

100*

According to Cordier,

Mercury . . 72-5

Silver .... 27'5

100-0 +

Sometimes it contains a mixture of alumina, and sometimes

the- proportion of mercury is so great that the amalgam is

nearly as soft as paste.

GENUS II. SULPHURETS.

Sp. 1. Native Cinnabar.

X

This ore, which is found in almost all mercurial mines, is

sometimes in veins, sometimes disseminated, sometimes in

grains, and sometimes crystallized. The primitive form of

this species is, according to Haiiy, an acute rhomboid, the

smallest incidences of the faces of which are 71° 48', the great-

est 108° 12/ The ratio between the demidiac[onals of each

rhomb is \/S to \/S. It occurs sometimes in regular six-sided

prisms, or at least this form is easily obtained by mechanical

division. For the other forms of this mineral the reader is

referred to Ha'uy's description.§ It is divided into two sub-

species, distinguished by their colour.

Subsp. 1. Dark Red Cinnabar.

Colour cochineal red; sometimes falling into lead-grey,

sometimes passing into carmine-red. Massive, disseminated,

* Beitrage, i. 183. f Phil, Mag. xiv. 41.

$ Kirwan, ii. 228. Biochant, ii. 106. Haiiy, iii- 437. Hoffmann,

iii. 2. 26.

^ Ann. dc Cliim. et de Phys. viii. 66.
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and crystallized in obtuse rhombs, six-sided tables, six-sided ciip.ii.

prisms, tetrahedrons, and octahedrons.* Internal lustre glis- ^v-"

tcning, adamantine. Fracture sometimes fine-grained uneven

;

sometimes even and conchoidal ; also foliated. Fragments

indeterminate, blunt-edged. Massive varieties opaque
; crys-

tals translucent. Streak scarlet red; and shining. Very soft.

Sectilc. Very easily frangible. Specific gravity from 7'710f

to 7-7864

Subsp. 2. Bright Red Cinnabar.

Colour scarlet red. Massive and disseminated. Internal

lustre glimmering ; of the cross fracture dull. Fracture be-

tween earthy and fibrous ; cross fracture earthy. Fragments
indeterminate, blunt-edged. Opaque. Streak shining. Soils.

Very soft. Scctile. Very easily frangible. Heavy.

Sp. 2. Hepatic Ore or Carbosulphurct .§

This ore is divided into two subspecies, distinguished chiefly

by their fracture.

Subsp. 1. Compact Hepatic Ore.

This ore, which is the most common in the mines of Idria,

is always amorphous, and is often mixed with native mercury

ami cinnabar. Found massive. Colour between dark cochi-

neal and dark lead grey. Its streak •ochincal red and sliming.

Fracture even. Opaque. Internal lustre glistening, semi-

metallic. Soft. Scctile. Very easily frangible. Specific

gravity from 7" 100 f to 7'lS<;.i When heated the mercury
evaporates. It is insoluble in nitric, and soluble in muriatic

acid.
||

Subsp. 2. Slat]] Hepatic Ore.

Occurs in Idria, Almadin in Spain, and in Siberia. Colour
as the preceding. Massive. Lustre of principal fracture

shining; of cross fracture glimmering, semimctallic. Princi-

pal fracture curved thick slaty ; cross fracture uneven. Frag-
ments slaty. Very easily frangible. In other respects agrees

with the preceding.

Dobereiner considers this ore as a compound of mercury

• Rome de Lisle, iii. 154.

Klaprotb.
J

Kirwan.

§ Kirwan, ii. 224. Brochant, ii. 104. Hoffmann, iii. 2. 33. Klaprotli,

Gehlen's Jour. v. 437.

II
See Jour, de Fbys. xxiv. 61.
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with sulphuret of carbon * Its constituents nearly correspond
to the supposition, that it is a compound of 2 atoms of sul-

phuret of carbon and 1 atom of mercury.

The following table exhibits a view of the constituents of
these species, according to the most recent analysis.

Cinnabar. Hepatic Ore.

t
Mercury .... 81*0

Sulphur .... 15*2

Charcoal .... —
Silica —
Alumina .... —
Iron 4*7

Copper .... —
Water —
Loss

t
84-50

14*75

85-00

14-25

— . . 0*75 0-75

81-80

13-75

2-30

0-65

0-55

0-20

0-02

0-73

100-9 100-00 100-00 100-00

GENUS III. CHLORIDES.

Sp. 1. Corneous Mercury.**

This ore was first discovered by Woulfe in the mines of the

Palatinate: it has since been observed at Idria, Spain, and
other places. Colour ash-grey, which passes into yellowish-

grey, greyish-white, and sometimes inclines to greenish-grey.

Usually in small vesicles crystallized within. Crystals rectan-

gular four-sided prisms, terminated by four-sided rhomboidal

summits. Very small. Internal lustre splendent, adamantine.

Fracture straight foliated; sometimes in fine granular dis-

tinct concretions. Translucent, at least on the edges. Sireak

similar. Soft. Sectile. Easily frangible. Volatilized before

the blow-pipe.

Mr. Woulfe discovered that this ore generally contains some

sulphuric acid.ff

* Sclmeigger's Journal, xii. 220.

+ Lampadius, Handbuch zur Chem. Anal. p. 260.

X From Japan. Klaproth, Gehlen's Jour. v. 435.

§ From Neumarktel. Klaproth, Ibid. p. 436.

||
From Idria. Kiaproth, Ibid. p. 440.

** Scopoli, Jour.deMin. No. xxxvi. 919. Kirwan, ii. 266. Brochant,

3, lOt. Haiiy, iii. 447.

ft Phil. Trans, lxvi.618.
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ORDER VII. ORES OF SILVER. Chap
.
If.

Silver, like gold, is found most abundantly in the tropical

regions. It occurs usually in the newest primitive formations,

and most of the species have been observed only in veins.

The follow ing table exhibits a view of the ores of this metal at

present known.

i. alloys. Antimonial.
Tabieor

Native silver. While silver ore. tbe>pec*t.

Auriferous, &c. Eukairite.

Antimonial. III. oxides.

Arsenical. Red silver ore.

Bismuthic. iv. chlorides.

n. si i.phi rets. Hornsilver.

Common sulphurct. v. salts.

Cupriferous sulphuret. Carbonate.

genus i. alloys of silver.

Sp. I. Native Silver.*

Native silver, so called because the silver is nearly in a state

of purity, forms the principal part of some of the richest silver

mines in the world. It is sometimes in small lumps; some-

times crystallized in cubes, hexahedrons, octahedrons, or

dodecahedrons; sometimes in leaves, or threads, often so con-

nected w ith each other as to resemble branches of trees, and

therefore called dendrites. The silver in the famous mines of

l\>tosi has this last form. When newly extracted, it is not

unlike small branches of fir.+

The colour of native silver is white ; often tarnished. Lustre

metallic. Fracture hackly. Harder than gold. Malleable.

Spe cific gravity from 10 J to 10*338.

§

The silver in this species is almost constantly alloyed with

from '03 to '05 of some other metal, frequently gold or arsenic,

or antimony.

Sp. 2. Auriferous Silver.
||

This alloy is uncommon. It has been observed at Koniffs-

berg in Norway, and at Schlangenberg in Siberia. Its colour

Kirwan. ii. 108. Calling. Act. Liter. Svecia>, 1738, p. 420. Brochant,
ii. 114. Huiiy, iii. 384. Hoffmann, iii. 2. 38.

+ Bergman, Phys. Geogr. Jour.de Min. No. xvi. p. 26.

t Gellert. § Selb.

||
Brochant, ii. 216. Hoffmann, iii. 2. 44.
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is yellowish-white. Its lustre metallic. Soft. Malleable.

Specific gravity above 10*6.

Sp. 3. Antimonial Silver Ore*

This alloy is found in the silver mines of Spain and Ger-
many, and is sometimes in grains or -lumps, and sometimes
crystallized in four and six-sided prisms, whose sides are longi-

tudinally streaked.f

Colour between silver and tin-white. Its lustre metallic.

Soft. Specific gravity from 9-4406 £ to 10.§ Fracture per-

fect foliated. In granular distinct concretions. Sectile.

Rather easily frangible. Before the blow-pipe the antimony
evaporates in a grey smoke, and leaves a brownish slag, which
tinges borax green. If borax be used at first a silver bead
may be obtained.

This alloy was supposed to contain arsenic, till Bergman
examined it, and found only silver and antimony.

||

Sp. 4. Arsenical Silver Ore**

This ore is very rare, and has hitherto been found chiefly at

Andreasberg in the Hartz. Colour tin-white. Found dis-

seminated in round masses, and crystallized in six-sided prisms

and pyramids. Lustre metallic. Fracture foliated. Soft.

Sectile. Easily frangible. Specific gravity 9*440.ft Before

the blow-pipe arsenic flies off, and a button of silver remains.

Sp. 5. Bhmuthic Silver Ore.

This ore. has been hitherto found only in the mine of Fried-

rich- Christian in the Schapbach in the Black Forest.

Colour pale lead-grey. Disseminated and sometimes ciys-

tallized in capillary crystals. Lustre glistening and metallic.

Fracture fine-grained uneven. Soft. Sectile. Easily fran-

gible.

The following table exhibits the constituents of such of the

preceding species as have been subjected to chemical analysis.

* Kirwan, ii. 110. Brochant, ii. IIP. Klaprotb, iii. 173. Haiiy, iii.

391. Hoffmann, iii. 2. 46.

f Rome de Lisle, iii. 461.

t Haiiy, Jour, de Min. No. xxx. 473. § Kirwan, ii. 11.

||
Opusc. ii. 415.

** Kirwan, ii. 111. Brochant, ii. 122. Haiiy, iii. 396. Hoflmann,

iii. 2. 48.

-f-f Ilaiiy.
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Aurife-

rous

Silver.
Antimoni.il Silver Ore.

Arseni-

cm
Silver.

Bismutliic

ail vi*r

Ore.

* t t t t II

Silver

Gold
72
28

84 77 76 78 1275 15

Antimony
Lead

16 23 24 22 4

33

27
A • Q
t 3

09
It}.}

35

.\ M«M|J|

1 1 1 ^ 1 L 1 1 1 It

Copper
*S 1111^1)111*

—

1 KOO

A 4 •O B

Loss 4

1000 100 100 100 100 100-00 1000

Chap. II.

GENUS II. M I.PIIL'RETS.

Sp. 1. Common Sulphuret of Silver.**

Vitreous Silver Ore—Silver Glance.

This ore occurs in the silver mines of Germany and Hun-
gary. It is sometimes in masses, sometimes in threads, ami

sometimes crystallized. Its crystals are either cubes or octa-

hedrons, or rhomboidal dodecahedrons, whose angles and
edges are often variously truncated. For a description of the

varieties produced by these truncatures, the reader is referred

to Rome de Lisle ff and IIaiiv.|J

Its colour is dark blackish lead-grey, often tarnished. In-

ternal lustre metallic. Fracture small-grained uneven. Soft.

May be cut with a knife like lead. Flexible and malleable.

Specific gravity 6'909 to 6*804. §§ In a gentle heat the sulphur

evaporates. Melts when heated to redness.

* Fordyce, Phil. Trans. 177G, p. 539.

+ Klaproth, Beitrai;e,ii. 301, and iii. 175.

|
Vauquelin, Batty, iii. 392. $ Klaproth, Beitrage, i. 187.

|| Klaproth, Beitrage, ii. 297.

Kirwan, ii. 115. Brochant, ii. MM. Haiiy, iii. 398.

ft Crystall. iii. 441. Miner, iii. 399.

§§ Breiihanpt.

VOL. III. 2 G
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Sp. 2. Cupreous Sulphurel*

Silber kupferglanz of Werner.

Book in. This very rare mineral has been hitherto found only at
' v Schlangenberge in Siberia, where it occurs mixed with copper

pyrites, calcareous spar, hornstone, 8tc. It was first examined

and recognized as a new species by Professor Stromeyer, from

specimens in the museum of Gottingen.

Colour blackish lead-grey. Massive. Lustre shining or

glistening, metallic. Fracture flat conchoidal passing into

even. Fragments indeterminate, not particularly sharp-edged.

Streak shining. Soft. Sectile. Sp. gr. 6'255.t

Sp. 3. Antimonial Sulphuret\—Brittle Silver Ore.

This ore occurs chiefly in Saxony and Hungary, always in

veins, and usually accompanies dark-red silver ore. Colour

between iron-black and dark lead-grey. Massive, and crys-

tallized in six-sided prisms, lenses, and four-sided tables va-

riously truncated. External lustre splendent; internal shin-

ing, metallic. Fracture coarse and fine-grained uneven ; of

the crystals imperfect small conchoidal. Streak retains the

colour and lustre. Soft. Brittle. Very easily frangible.

Specific gravity 6*000 § Before the blow-pipe the sulphur

and antimony exhale, leaving a bead, which may be freed from

iron by fusion with nitre and borax.

Sp. 4. White Silver Ore.\\

This ore occurs in considerable quantities in the mine of

Himmelfurst in Saxony. Colour light lead-grey. Massive.

Internal lustre glistening, metallic. Fracture usually even.

Soft. Slightly sectile. Very easily frangible. Specific gra-

vity 5*322, according to Gellert.

Sp. 5. Euknirite.**

This very rare mineral, which hitherto has occurred only in

minute quantities in Sweden, was named cukairite (euxaipo;) by

Berzclius, from its fortunately coming to his knowledge just

* Ploffmann, iv. 2. 176. t Stromeyer.

X Kirwan, ii. 117. Brochant, ii. 138. Haiiy, iii. 416. Hoffmann,

iii. 2. 63.

§ Brandes, Sclnveigger's Jour. xxii. 346.

||
Kirwan, ii. 119. Bmcliant, iii. 150.

** Berzelius, Ann. de Chim. et de Phys. ix. 357.
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when he had finished the investigation of the properties of se- ChaP-

leniinn. This mineral occurs in an old abandoned copper

mine at Skrickcrum, in the parish of Tryserum, in Smoland.

It is to be met with occasionally, in old collections under the

name of native bismuth, of Skrickcrum. A specimen of it

was sent to Assessor Gahn, under the name of Swedish ore of

tellurium. Berzelius analyzed it, and showed it to be a com-

pound of 2 atoms of seleniuret of copper, and one atom of bi-

seleniuret of silver.

Colour lead blue. Lustre metallic. Texture granular, with

a crystallized aspect. Soft. Scctile. Somewhat malleable.

Before the blow-pipe it melts, and exhales a strong smell of

horse radish, leaving a small metallic button.

The following table exhibits the analvsis of the species be-

longing to this genus

:

Sulphur t.

A nti me-

nial Si.!-

pliurvt.

Cnpreoai

tulphurrf

.

Cuptcoui
kulphurvt.

W'tile Silver Ore.
r-:uk»i.

rite.

• • + t s r • • r +

Silver .... Sl-M 83 81 Mi .-> 52-27

1

6Vj 20 10 ^8-93
Sulphur . .

.

1 119 15 16 15732 19-4 1*85 52
Selenium .

.

2600
Antimony . 10-0 7-88 21-5
Lead 48-Ofi 41

5 0 0-33.1 5-46 2-25 1-75
Copper . .

.

z 30478 3 '7 5 23 05
Arsenic . .

.

05 3 3019 =
Silica 1 1000 H-25 0-75
Alumina .

.

8 90
100 = = 5 1 135 1 5881 I -91 2-75 1 3- 12

100 00 100 100 1000 100 000 1000000 100 00 1(H) 00 100 00

Coo'tita

ent«.

GENUS III. OXIUES.

Sp. 1 . Red Silver Ore.g

This ore is very common in several German silver mines.

• Klaproth, Beitrage, i. 172. t Sage, Hauy, in. 398.

4 Klaproth, Beitrage, i. 166. Under the arsenic a little iron is included.

§ Stromeycr, Gilbert's Annalen, fir. 111.

|1
Brandes, Schweigger's Jour. xxii. 344.

Klaproth, Beitrage, i. 172 and 175.

ft Berzelius, Ann. de Cliim. et de Phys. ix. 360.

tt Kirwan, ii. 123. Scopoli de Minera Argenti Rubra. Sage, Jour, de
Phys. xxxiv. 331 and xli. 370. ; and Nouv. Jour, de Phys. ii. 284. Wes-
trumb, Jour, de Phys. xliii. 291. Klaproth, Beitrage, i. HI. Brochant, ii.

143. Ilauy, iii. 402. Proust, Jour, de Phys. lix.403. Hoffmann, iii. 2. 67.

2 G 2
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^Booku^ It occurs in masses, disseminated, and crystallized. Werner
subdivides it into two subspecies, distinguished by their colour
and geognostic situation : the second being usually accompa-
nied by native arsenic and white cobalt ore, orpiment, and sul-
phate of barytes; the first by galena, antimonial sulphuret of
silver, quartz, calcareous spar, and pyrites.

Subsp. 1. Dark Red Silver Ore.

Colour between cochineal red and lead-grey. Massive, dis-

seminated, and crystallized in equiangular six-sided prisms,

often variously truncated. Primitive form an obtuse rhom-
boid, whose plane angles are 104° 28' and 75° 32', and the in-

clination of ihe faces 109° 28' and 70° 32'.* External lustre

splendent; sometimes metallic, sometimes adamantine. Inter-

nal lustre shining, metallic or semimetallic. Fracture usually

coarse and small grained uneven. Crystallized varieties im-

perfect small conchoidal. Fragments indeterminate, blunt-

edged. Massive varieties opaque, crystals semi-transparent.

Streak cochineal red. Soft. Sectile. Easily frangible. Spe-

cific gravity from 5*736 to 5-803.f Before the blow-pipe de-

crepitates, melts with slight bubbling, emitting a dense smoke,

which colours the charcoal yellow, and leaves a button of silver.

Subsp. 2. Light Red Silver Ore.

Colour passes from carmine red to a medium between co-

chineal red and lead grey. Massive, disseminated, and crys-

tallized in acute six-sided prisms, often variously truncated.

Internal lustre from splendent to glistening, adamantine. Frac-

ture usually imperfect small conchoidal ; sometimes passing

into coarse and small grained uneven, sometimes to imperfect

foliated. Fragments indeterminate, pretty sharp-edged. Mas-

sive varieties translucent on the edges, crystals transparent.

Streak aurora-red. Soft. Sectile. Very easily frangible. Spe-

cific gravity 5*443j to 5*6J 7. § Becomes electric by friction,

but only when insulated.
||

Soluble in nitric acid with effer-

vescence.** Before the blow-pipe melts, blackens, burns with

a blue flame, gives out a white smoke with a slight garlic smell,

and leaves a silver bead.ft
The composition of this ore was long ambiguous. The older

* Haiiy, in. 408.

§ Brcitliaupt.

** Ibid. xxxi. 510.

t Breithaupt. J Gellert.

||
Haiiy, Jour, de Min.xxx. 476.

ft Yauquelin, ibid.
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chemists considered it as a combination of silver, arsenic, and ci«p. 11.

sulphur; and Bergman, in several parts of his works, has

given us these bodies as its constituents.* Klaproth analyzed

it in 179.3, and found only silver, sulphur, antimony, and oxy-

gen, f Yauquelin confirmed this discovery soon after, and

showed from his experiments, that the metals in the ore were

in the state of oxides. J His opinion was founded upon the

solution of the ore in nitric acid without effervescence, which

has been lately denied by Proust. This last chemist has shown

that there are two kinds of red silver ore, the one containing

arsenic, the other antimonv.S Though he has not described

the specimens which he subjected to analysis, yet it is proba-

ble, from several circumstances, that the first of our subspecies

is that which contains the arsenic, and the second subspecies

the antimony.

The following table exhibits a view of the dilferent analyses

of this ore hitherto made :

II II

• • + + + +
t u

60 n 50-67 61

*0S Ifl :> I6I3 16 13 1

9

I -9

111 n I 7 • 7 i 1 5-07 IM
II 85 I2i3

80 8 5 7

58 74-.'<5

ss
«5

.1 •65

1
1

1 100-0 I ()()•() !()()•< o 1 00 00

'

1 00-0 I 100 10000

ConMIti

mix

The analyses of Proust differ essentially from all the others,
in exhibiting the metallic constituents, not in the state ofoxides,
but of pure metals.

• Scia.crapliia, Eng. Trans, p. 80. Opusc. ii. 298.

t Beitrnge, i. 1 1 1. t j„ ur< de Mm No xvH j

§ Jour, de Phjts. lix. 403.
||
Klaproth, Beitragc, i. 155.

Vauqudin, Jour, de Min. No. xvii. p. 4 «nd 7.

U l-impadius, llandlnicli, zur Chemischen Analyse der Mineral Korper.

} J Proust, Jour, de I'hys. lix. 407 and 409.
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*cok GENUS IV. CHLORIDES.

Sp. 1. Horn Silver*

This ore occurs at Johanngeorgenstadt in Saxony, in South

America, &c. always in veins, and usually in the upper part.

It is often amorphous, sometimes nearly in powder, and some-

times crystallized in cubes or parallelopipeds.

Most frequent colour pearl grey of all degrees of intensity;

when exposed to the light it acquires a brownish tarnish. In-

ternal lustre shining, resinous ; external splendent. Acquires

a gloss when scraped with a knife. Translucent. Fracture

between imperfect flat conchoidal and fine-grained uneven.

Soft. Flexible. Malleable. Easily frangible. Specific gra-

vity 4*758 1 to 4'"804.| Before the blow-pipe it instantly melts,

and gradually evaporates, but may be reduced by adding an

alkali.

That this ore contains muriatic acid has been long known.

Mr. Woulfe first showed that it contained also sulphuric

acid;§ and this discovery has been confirmed by Klaproth,

according to whose analj-sis this ore is composed of

oonsiitu- Silver 67'75 76

Oxygen 6'75 .... 7*6

Oxide of iron 6'00 .... —
Muriatic acid 14-75 16'4

Sulphuric acid ........ 0'25 .... —
Alumina 1'75 .... —

97-2.5
[|

100-0**

The alumina can only be considered as mixed with the ore.

Sometimes its quantity amounts to "67 of the whole.ft Klap-

roth has published the analysis of a variety of this ore from

Peru, which differs a good deal in its properties from the pre-

ceding.

Its colour is greyish and greenish-white, passing into light

olivc-Treen. Massive. Lustre splendent, adamantine. Frac-

hire conchoidal. Fragments indeterminate. In large and

* Kirwan, ii. 113. Laxmnnn, Nov. Comm. Petropol. xix. 482. Monnet,

Mem. Scav. Etrang.ix. 717. Brochanr, ii. 127. Haiiy, iii. 418. Hotfmann,

iii. 2. 51.

t Brisson. X Gellert. § Phil. Trans. 1776.

||
Beitr:it;c, i. 134. ** Ibid. iv. 12. The specimen was from Peru,

ft Ihid. p. 137.
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small "ranular distinct concretions. Translucent. Very soft. cbap. n.

Perfectly malleable. Very heavy. By Klaproth's analysis it

is composed of

76-0 silver.

7*6 oxygen.

16*4 muriatic acid.

100-0 *

GENUS V. SALTS.

Sp. 1 . Carbonate of Silver, f

This ore was discovered in 1788 by Mr. Selb in the mine of

Winceslas in Suabia. It is sometimes in masses, sometimes

disseminated through other minerals.

Its colour is greyish-black. Its streak bright. Its lustre

metallic. Its fracture uneven. Soft. Brittle. Specific gra-

vity considerable. Effervesces with acids. Melts easily before

the blow-pipe. Froths with borax.

According to Selb, it contain*

72\> silver. comtum-
eats.

15*5 carbonate of antimony.

12*0 carbonic acid.

100*0 and a little copper.

ORDER VIII. ORES OF COlM'ER.

Copper is one of the most generally distributed metals, and

occurs in a great variety of states. It is found in almost every

formation, but is more frequent in the newer primitive than in

any of posterior date. It is most common in veins, but exists

also abundantly in beds. Tlic following table exhibits a view

of all the ores of this metal hitherto described

:

I. Alloys. 7. Black copper ore.

1. Native copper. 8. Seleniuret.

II. Sulimiurets. III. Oxides.

1. Common sulphuret. 1. lied copper ore.

2. Variegated copper ore. 2. Tile ore.

3. Copper pyrites. 3. Copper black.

4. White copper ore. IV. Salts.

5. Grey copper ore. 1. Anhydrous carbonate.

6. Tennantite. 2. Blue carbonate.

Table of

the specie*.

• Beitrage, iv. 10. f Kirwan, ii. 112. Brocbant, ii. 155.
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Koov in. 3. Malachite. Lamellar arseniute.

* ' 4. Mountain green. Lenticular.

5. Iron shot mountain green. Olive-coloured.

6. Bismuthic carbonate. 10. Martial-arseniate.

7. Silicate. 11. Muriate.

S. Carbo-silicate. 12. Phosphate.

9. Arscniate. 13. Sulphate.

GENUS I. ALLOYS.

Sp. 1. Native Copper.*

Native copper occurs now and then in the greater number
of copper mines ; sometimes it is in masses, sometimes in plates

and threads, which assume a variety of forms ; and sometimes,

as in Siberia, it is crystallized in cubes, octahedrons, cubo-oc-

tahedrons, and six-sided prisms terminated by six-sided pyra-

mids^ and in tetrahedrons.

Colour commonly that of copper, but sometimes dark brown.

Lustre metallic. Streak brighter. Fracture hackly. Flexible

and malleable. Harder than silver. Specific gravity from

7-6 % to 8-5844.§

GENUS II. SULPHURETS.

Sp. 1. Common Sulp/niret.\\

Vitreous Copper Ore. Copper Glance. KupfergUis.

This ore occurs in veins and beds both in primitive and.

floetz rocks. Werner divides it into two subspecies, distin-

guished chiefly by their fracture.

Subsp. 1 . Compact Sitlphnret.

Colour dark lead grey, passing into blackish grey. Has

often a tempered steel tarnish. Massive and disseminated, and

rarely crystallized in cubes, six-sided prisms, double six-sided

pyramids, and octahedrons. External lustre shining, internal

glistening, metallic. Fracture small-grained uneven ;
passing

into conchoidal. Fragments indeterminate, sharp-edged.

Streak unaltered. Soft. Sectile. Easily frangible. Specific

gravity from '1-888 to 5-338.**

• Kinvan, ii. 127. Brochant, ii. 158. Haiiy, iii. ol8. Hoffmann, iii.

2. 84.

f Haiiy, Jour, de Min. No. xxxi. 50!}. J Kinvan, Miner, ii. 158.

Haiiy, Jonr. de Min. No. xxxi. 50°.

||
Kinvan, ii. 144. Brochant, ii 1G2. Haiiy, ii. 551. Hoffmann, iii. 8-

103.

*» Gellert.
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Subsp. 2. Foliated Sulphuret.

Colour as the preceding. Massive and disseminated. Has chap. u.

not been observed in crystals. Lustre of principal fracture
V

v '

shining; of cross fracture glimmering, metallic. Principal

fracture pretty straight foliated with a single cleavage ; cross

fracture fine grained uneven. Fragments indeterminate, blunt-

edged. Always in granular distinct concretions. Specific gra-

vity 5*455.* In other characters agrees with the preceding.

This species before the blow-pipe melts easily; and while in

fusion exhibits a green pearl, which, on cooling, is covered

with a brown crust. Tinges borax green.

Sp. 2. Variegated Copier Ore.f Buntkupfererz.

This ore is found in masses, or plates, or disseminated;

sometimes also it is said to be crvstallized in octahedrons. Co-
lour intermediate between copper-red anil pinchbeck-brown;

but when exposed to the air, it becomes first red, and then

successively violet, azure, and sky-blue, unci at last green; and
all these colours appear often together. Internal lustre shining,

metallic. Fracture small imperfect conchoidal. Streak simi-

lar. Soft. Specific gravity 4*956 to 4-983.J Somewhat sec-

tile. Easily frangible.

Effervesces with nitric acid, and tinges it green. Deflagrates

with nitre. Before the blow-pipe melts readily without smoke,
vapour, or smell ; but is not reduced. Tinges borax a bright
green.

Sp. 3. Copper Pyrites.^

This is by far the most common of all the ores of copper.
It occurs both in veins and beds in almost every formation.

Found massive, or disseminated, or crystallized. The primi-
tive form of its crystals is the tetrahedron ; sometimes the an-
gles are truncated; sometimes it is crystallized in octahedrons
and dodecahedrons. Colour brass-yellow, passing on the one
hand to golden-yellow, on the other to steel-grey. Surface
usually tarnished. Internal lustre shining, metallic. Fracture
uneven. Soft; scarcely gives fire with steel. Brittle. Easily

• Breithaupt.

t Kirwan, Min. ii. 142. Brochant, ii. 100. Haiiy, iii. 5G. Hoffmann,
Hi. 2. 110.

X Kirwan.

§ Kirwan, ii. HO. Brochant, ii. 109. Haiiv, iii. 529. Hoffmann, iii. 2.

113.
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Book in. frangible. Specific gravity 4-221 to 4-250 * Before the blow-
v ' pipe on charcoal decrepitates, emits the odour of sulphur, and

melts into a black globule, which gradually assumes the colour

of copper. Tinges borax green.

Sp. 4. White Copper Ore.f

This species, first noticed by Henkel, is one of the rarest

among the copper ores. It occurs in the primitive mountains,

and has been observed in Cornwall, in different parts of Ger-
many, &c. Colour between silver-white and bronze-yellow.

The fracture soon acquires a greyish-yellow tarnish. Massive
and disseminated. Internal lustre glistening, metallic. Frac-

ture small-grained uneven. Soft, passing into semihard. Brit-

tle. Easily frangible. Specific gravity 4'500.| Before the

blow-pipe yields a white smoke, which has an arsenical smell,

and then melts into a greyish black slag. Said to be com-
posed of copper, iron, arsenic, and sulphur, and to contain

about 40 per cent, of copper.

Sp. 5. Grey Copper 0re$$—Fahl Ore.

This ore is found in Cornwall, Saxony, Hungary, &c. It

occurs massive and disseminated, and often also crystallized.

The primitive form of its crystals is the regular tetrahedron

;

but, in general, either the angles or the edges, or both, are

truncated or bevelled.
||

Colour steel-grey ; often tarnished, and then dark-grey.

Streak sometimes unaltered, sometimes reddish brown. Pow-
der blackish; sometimes with a tint of red. Internal lustre

glistening, metallic. Fracture coarse and small grained un-

even ; sometimes inclines to imperfect conchoidal. Semihai'd.

Brittle. Specific gravity 4-8648.** Deflagrates with nitre.

Before the blow-pipe crackles, but at last melts, especially if

assisted by borax. The bead gives a white smoke, without

any particular smell
;
tinges borax yellow or brownish red, but

does not unite with it.

* Breithaupt.

f Kirwan, ii. 152. Brochant, ii. 173. Hoffmann, iii. 2. 131.

}: Lametherie.

§ Kirwan, ii. 146. Klaproth's Beitrage, i. 177, and Gehlen's Jour. v. S.

Brochant, ii. 175. Haiiy, iii. 537. Hoffmann, iii. 2. 119.

||
Rome de Lisle, iii. 315, and Haiiy's Miner, iii. 539.

* * Haiiy, Jour, de Min. No. xxxi. 512.
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Sp. G. Tennantite*

This mineral occurs in different Cornish mines, particularly chaP-

Dolcoath, Cook's kitchen, and Tincroft mines, near Redruth,

and was first recognised as a peculiar species, by Messrs. Wil-

liam and Richard Philips.

Its colour externally varies from tin white to iron grey. It

occurs massive, but most commonly crystallized. The primi-

tive form of its crystals is the rhomboidal dodecahedron. It

sometimes occurs in the form of the cube or octahedron, and

these three forms are variously modified in different crystals.

The lustre of the tin-white varieties is splendent, that of the

lead-grey is glimmering, while the iron grey specimens are

dull. Lustre metallic. Fracture foliated, with the appear-

ance of natural joints, parallel to the faces of a rhomboidal

dodecahedron. Harder than the grey copper ore, which it rea-

dily scratches. Specific gravity **875. Before the blow-pipe

on charcoal it first burns with a blue flame, and slight decrepi-

tation, to which succeed copious arsenical vapours, leaving a

greyish black scoria, which acts upon the magnetic needle.

Sp. 7. Black Copper Ore.f

Graugilt igerz. Schuarzgiltigerz.

This species occurs at C'remnitz in Hungary, and in other

placet. Colour steel grey. Massive and crystallized in tetra-

hedrons, seldom perfect, usually truncated in the edges or an-

gles; sometimes the tetrahedrons arc double, constituting a

hexahedron. Crystals small. Lustre of crystals splendent,

metallic. Fracture small conchoidal. Semihard. Brittle.

Specific gravity 1-8*2 to *-893-t

Sp. 8. St leinurct of Copper.

\

This very rare substance was detected by M. Swedenstierna

in a specimen of calcareous spar, which seems to have come
from Skrickerum, an abandoned copper mine in Smoland, in

Sweden. This spar had large black spots here and there,

• Philips
; Quarterly Jour. vii. 9o.

f Klaproth, Beitrage, i. 177, and Gehlen's Jour. v. 14. Kirwan, ii. 143.
Brochaut, ii. 180. Hoffmann, iii. 2. 127.

| Ullmann.

§ Berzelius ; Ann. de Chim. et de Pliys. ix.3G3.
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which, when examined by a microscope, appeared under the

form, of a metallic vegetation. Berzelius observed that these

black spots surrounded natui'al clifts in the spar. "When it

was broken in the direction of these clifts, the new surface was

found covered with a white metallic vegetation. Berzelius

found by analysis that this substance was a seleniuret of copper.

The following table exhibits a view of the constituents of

such of the preceding ores as have been subjected to chemical

analysis.
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Book in. From this table, it appears probable that the common sul-
v-^"^ phuret consists essentially of copper and sulphur. In the va-

riegated copper ore iron is also present, and the copper seems
to be in the state of protoxide

; copper pyrites contains also

iron, but the sulphur exists in it in a much greater proportion

than in the preceding. Grey copper ore appears to be a com-
pound of copper, iron, arsenic, and sulphur; the constituents

of black copper ore are the same, except that antimony is sub-

stituted in place of arsenic.

GENUS III. OXIDES.

Sp. 1. Red Copper Ore.'*

This ore seems to be peculiar to the primitive mountains.

It is most common in veins, and is found in Cornwall, various

parts of Germany, Sweden, &c. It has been subdivided into

three subspecies, distinguished chiefly by their fracture.

Subsp, 1. Compact.

Colour dark cochineal red, inclining a little to lead grey.

Massive and disseminated. Internal lustre glistening, semi-

metallic. Fracture even. Opaque. Hardly ever in distinct

concretions. Streak tile red, and of diminished lustre. Semi-

hard. Brittle. Easily frangible. Specific gravity 5'405.f

Subsp. 2. Foliated.

Colour as the preceding. Crystals are redder, and some-

times pass into dark carmine-red. Massive, disseminated, and

crystallized in cubes and octahedrons which are often trun-

cated.I Internal lustre, shining, adamantine. Fracture imper-

fect foliated. Very seldom in granular distinct concretions.

Massive varieties opaque; crystals transparent or translucent.

Streak dirty tile red. Semihard. Brittle. Easily frangible.

Specific gravity 5'600§ to 5*94-5.
[|

Subsp. 3. Capillary.

Colour carmine-red, sometimes approaching cochineal-red.

In small capillary crystals, and in tables. Lustre shining, ada-

mantine. Translucent.

* Kirwan, ii. 135. Brochant, ii. 181. Haiiy, iii. 555. HoiVmann, iii. 2.

89.

t Karsten.

X For a description of the crystals the reader is referred to Mr. Philips'

Memoir in the Transactions of the Geological Society of London, Vol. I.

• Philips, ||
Breithaupt.
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Red copper ore is soluble with effervescence in nitric acid, cbap. 11.

and in muriatic acid without effervescence. Before the blow- *

pipe melts easily, and is reduced.

Sp. 2. Tile Ore*

This mineral occurs in veins, and is divided into two sub-

species ;
namely, earthy and indurated tile ore.

Subsp. 1. Earthy.

Colour hyacinth-red, sometimes brownish-red. Between

friable and solid. Massive, disseminated, and incrusting cop-

per pyrites. Composed of dull dusty particles. Soils slightly.

Heavy.

Subsp. 2. Indurated.

Colour between hyacinth and brownish-red, passing into

lead-grey and blackish-brown. Massive and disseminated.

Internal lustre glimmering. Fracture between even and large

conchoidal, and sometimes passes into small conchoidal. Semi-

hard. Rather brittle. Easily frangible. Sp. gr. 3-028.f

Infusible before the blow-pipe, but acquires a black colour.

Sp. 3. Black Oxide of Copper.\

This species occurs at Carraract and Tincroft mines in

Cornwall, and in other places. Colour between bluish and

brownish black. Friable. Massive. Composed of dusty par-

ticles which scarcely soil. Always more or less cohering.

Heavy. It is considered as a mixture of oxide of copper and

oxide of iron.

GENUS IV. SALTS.

Sp. 1. Anhydrous Carbonate.^

This species was observed by Dr. Heync in the Peninsula

of Ilindostan, near the eastern border of the Mysore country,

where it appears to occur in nests in primitive rocks. It was

first described and analysed by me in 181.3. Colour dark

blackish-brown when the specimen is pure; but generally a

mixture of green, red, and brown, from a mixture of mala-

chite and red oxide of iron. Often traversed by small veins

of malachite. Fracture small conchoidal ; sometimes has a

• Kirwan, ii. 137. Brochant, ii. 187. Hoffmann, iii. 2. 98.

+ Breithaupt. J Hoffmann, iii. 2. 133.

§ Phil. Trans. 1814, p. 45.
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Book in. tendency to foliated. Soft. Scctile. Streak reddish-brown.
v

' Specific gravity 2 620. Dissolves in acids letting fall a red
powder. Its constituents are as follows r

Carbonic acid IG'70

Peroxide of copper 60"75

Peroxide of iron 19*50

Silica 2-10

Loss o-95

100-00

Sp. 2. Blue Carbonate of Copper*

Mountain blue. Azur de Cuivre. Blue Calx of Copper. Kup~
fer-lazur. Copper Azure.

This ore, which occurs in the copper mines of Siberia, Swe-
den, Germany, Hungary, Britain, &c. is more common in the

floetz than in the primitive mountains. It is divided into two

subspecies.

Subsp. 1. Earthy.

Colour smalt blue. Usually friable ; seldom massive. Com-
posed of dull dusty particles. Scarcely soils. Sp. gr. 3 -354.t

Subsp. 2. Radiated.

Principal colour azure-blue. Occurs also berlin-blue, and

sometimes inclines to smalt-blue. The colours have a slight

tint of red. Seldom massive ; more frequently botryoidal and

stalactitic ; most frequently crystallized. The crystals are

small, and difficult to examine. Their primitive form is an

octahedron, the sides of which are scalene triangles, and two

of them more inclined than the others. The crystals arc often

rhomboidal prisms, terminated by four-sided summits. The
edges are often variously truncated. J Internal lustre shining,

between vitreous and resinous. Fracture narrow, straight, and

scopiform radiated; sometimes imperfect foliated. Seldom in

granular distinct concretions. Crystals translucent. Streak

similar. Soft. Rather brittle. Specific gravity 3*60S.§ It

* Kirwan, ii. 120. Morveau, Mem. Dijon, 1782. 1 Semestre, p. 100,

Brochant, ii. 190. Haiiy,iii. 562. Hoilmann, iii. 2.13-1.

f Breitliaupt.

| Rome de Lisle observed, that the crystals obtained from the solution of

copper in ammonia have the same forms with those of this ore; and this

observation has been confirmed by llaiiy.

§ Brisson.
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effervesces with nitric acid and gives it a blue colour. Before chap. it,

the blow-pipe it blacken*, but does not melt. Tinges borax
^"v""'

green with effervescence.

Sp. 3. Malachite.*

This ore occurs in the newer primitive and in the floetz

mountains. It has been divided into two subspecies, distin-

guished by the fracture.

Subsp. 1. Fibrous.

Colour emerald-green; sometimes inclines to grass-green,

sometimes to dark leek green. Seldom massive ; sometimes

disseminated, and often crystallized in short capillary prisms.

Internal lustre shining, silky. Fracture usually very delicate

fibrous ; sometimes coarse fibrous. Fragments wedge-shaped

and splintery. Occurs in granular distinct concretions. Crys-

tals translucent Massive. Varieties translucent on the edges.

Soft. Streak lighter. Approaching seetilc. Specific gravity

3-661 to 3 712.f

Subsp. 2. Compact.

Colour emerald green, inclining to verdigris-green. Often

tarnished greenish-white, and is marked with stripes of a
darker colour. Massive, in various particular shapes, and
crystallized in four-sided prisms terminated by four-sided

pyramids. Internal lustre glistening, silky. Fracture some-
times very delicate fibrous, which passes into even ; this into

flat and small conchoidal, which sometimes passes into small-

grained uneven. Fragments indeterminate. Usually in thin

lamellar distinct concretions; surface of the concretions rough,

and covered with a thin green film. Opaque. Soft. Not
particularly brittle. Very easily frangible. Streak similar.

Specific gravity 3-708.J

Before the blow-pipe it decrepitates and blackens, but
does not melt. Tinges borax yellowish-green. Tinges flame

green.

Sp. 4. Mountain Green.§

Found in the same situations as the preceding species-

Colour verdigris-green
; sometimes passing into emerald-green,

• Kirwiui, ii. 131. Fontana, Jour, de Phys. xi. 509. Klaproth's Beitrage,
ii. 207. Brocliant, ii. 197. Haiiy, iii. 571. Hoffmann, iii. 2. 144.

t Hreitkaupt.
J Breithaupt.

§ Kirwan, ii. 134. Brocliant, ii. 203. Hoffmann, iii. 2. 152.

vol. in. 2 u
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Book m. and sometimes inclining to leek-grecn. Massive, disseminated,

and botryoidal. Internal lustre shining, resinous. Fracture

small conchoidal. Fragments indeterminate, more or less

sharp-edged. Never. iri distinct concretions. Translucent.

Soft. Not particularly brittle. Easily frangible. Specific

gravity 2*800.* Blackens before the blow-pipe, but does not

melt. Dissolves in acids with scarcely any effervescence.

Sp. 5. Iron Shot Mountain Green.\

This species is usually accompanied by the two preceding.

It is divided into two subspecies.

Subsp. 1. Earthy.

Colour olive-green ; sometimes passing into pistachio-green.

Massive and disseminated. Dull. Fracture earth}'. Soils a

little. Fragments indeterminate, blunt-edged. Opaque.

Streak nearly similar. Very soft. Easily frangible. Rather

heavy.

Subsp. 2. Slaggy.

Colour dark olive and pistachio-green, which passes into

dark blackish-green. Massive and disseminated. Internal

lustre shining, resinous. Fracture small conchoidal. Frag-

ments indeterminate, more or less sharp-edged. Opaque.

Streak paler. Soft. Easily frangible. Rather heavy.

Sp. 6. Bismuthic Carbonate of Copper. %

In the month of December, 1816, Professor Zipser, of Neu-

sohl in Hungary, sent a specimen of a new copper ore to

Bucholz, that he might subject it to a chemical analysis. The
ore occurs at Poinik, and possesses the following characters

:

The principal colour is reddish-brown passing into hair-

brown and pearl-grey. Here and there, from a mixture of

sulphuret of bismuth, it becomes iron-grey, or steel-coloured.

An occasional mixture of malachite or blue carbonate of cop-

per, renders it pistachio-green and indigo-blue. The colour

of the powdered ore is oil-green. Dull ; but there are white

places which have the vitreous lustre, and even verging upon

the metallic. Fracture uneven and granular. Here and

there exhibiting a soft fibrous texture. Hard enough to

* John.

f Kirwan, ii. 151. Brochant, ii. 205. Iloflhiann, iii. 2. 155.

% Bucholz and Brandcs, Sclmeigger's Jour. xxii. 27.
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scratch glass. Specific gravity 3-449. Its constituents, ac- chap

cording to the analysis of Bucholz and Brandcs, are as

follows

:

Carbonate of copper 62 - 778

Sulphuret of Bismuth 1 1143

Silica 9333
Oxide of copper 6*340

Oxide of iron 3-003

Water .5500

9S-097

It is probably nothing more than a mechanical mixture of

carbonate of copper and sulphuret of bismuth.

Sp. 7. Si/irnte of Copper*—Duiptase, Emerald Copper Ore.

This mineral, which at first was confounded with the eme-

rald, is found in the north of Asia. Colour emerald-green.

Crystallized in six-sided prions terminate d by three-sided py-

ramids. Primitive form of the erv.-tals an obtuse rhomboid.

Lustre shining vitreous. Frac ture foliated with a threefold

cleavage. Fragments indeterminate, blunt-edged. Translu-

cent. Scratches glass with difficulty. Brittle. Specific gra-

vity 3'3.+ Before the blow-pipe becomes chesiiut-brown, but

is infusible. Tinges the flame green. It is a trisilicate of

copper.

Sp. 8. CarlmU'tnde.%

This mineral occurs in Mexico, but in what situation I do
not know. The only specimens I have seen were in possesion

of Mr. Mawe, who had received them from Vera Cruz.

Colour verdigris-green with a tint of blue. Form botryoidal.

Lustre vitreous and varying much in intensity. External

lustre often dull, internal shining. Fracture compact and con-
choidal. Fragments rather rounded with blunt edges. In

granular distinct concretions. Translucent on the edges.

Nearly as hard as calcareous spar; readily scratched bv the

knife. Brittle. Distinct concretions easily separable from
each other. Specific gravity -2-238. Does not effervesce in

nitric aeid when in lumps; but effervesces when in powder,
and dissolves, leaving a white siliceous powder behind.

• Hoffmann, iii. 2. i.j8.

J
Annals of Pbubsopbjr, wii. S21.

2 ii 2

t Hniiy,
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Sp. 9. Arseniute of Copper.

This species was first found in Cornwall, but it has since

been observed in other places. It was discovered above 30

years ago in the Carrarach mine ; but it had become exceed-

ingly scarce, till it was lately found in abundance in the Huel
Garland mine. A great variety of specimens were carried to

London ; and they have been described and analyzed by the

Count de Bournon and Mr. Chenevix.* It has been divided

into three subspecies, distinguished chiefly by the figure of their

crystals.

Subsp. 1 . Foliated Arseniate f

—

Copper Mica.

Colour emerald-green. Massive, disseminated, and some-

times crystallized. Crystals thin hexahedral laminae ; the six

faces inclined alternately towards the opposite sides of the

plates, so that three lie one way and three another. Two of

these three are inclined at angles of 135°; the other at an

angle of 115°. Divisible into thin plates like mica. Lustre

splendent, pearly. Fragments indeterminate and tabular. In

granular distinct concretions. Massive varieties translucent,

crystals transparent. Scratches gypsum, but not calcareous

spar. Sectile. Specific gravity 2*548.| Decrepitates when

heated.

Subsp. 2. Lenticular Arseniate.§

Colour sky-blue, which sometimes passes into verdigris-

green. Crystallized in obtuse octahedrons, composed of two

feur-sided pyramids with isosceles triangular faces, two of

which are more inclined than the other two. The two most

inclined meet at the apex at an angle of 130°, and form at the

base angles of 50° : the two least inclined meet at the apex in

an angle of 115°, and form at the base angles of 65°. Some-

times the apex is converted into a ridge ; the octahedron be-

ing lengthened parallel to the less inclined planes. External

lustre shining. Fracture foliated. Translucent. Scratches

calcareous spar, but not fluor spar. Rather brittle. Very

easily frangible. Specific gravity 2*882.;}:

* PV... Trans. 1801, p. 1C9.

f Bournon, Phil. Trans. 1801. Hoffmann, iii. '2. 162.

I Bournon. § Ibid.
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Subsp. 3. Oliven Ore.*

Of this subspecies two varieties have been distinguished. cb«p.

1. Foliated. Colour perfect olive-green ; sometimes in-

clining to oil-green and leek-green. Seldom massive; usually

in drusy crusts; and crystallized in very acute rhomboids,

sometimes having their angles truncated. Faces of the crys-

tals smooth ; lustre shining. Internal lustre glistening, ada-

mantine. Fracture imperfect foliated. Fragments indeter-

minate. The massive varieties occifr in granular distinct

concretions. Translucent. Streak straw yellow. Very »oft.

Sectile. Specific gravity 4-2809.f

2. Fibrous. Colour olive-green. Massive varieties pass

into liver-brown and into greenish-white. Massive, reniform,

and crystallized in acicular four-sided prisms. Internal lustre

glistening, adamantine. Fracture delicate scopiform, fibrous.

Fragments wedge-shaped ; sometimes in coarse granular, and

in curved lamellar distinct concretions. Translucent on the

edges. Sometimes scratches tluor spar. Rather brittle. Spe-

cific gravity 4"281.f

Sp. 10. Martial Arseniate.\—Strahlerz.

Found in Tincroft and some other mines in Cornwall. Co-
lour pale sky-blue. Massive and crystallized in oblique

rhomboidal four-sided prisms. Internal lustre shining and
pearly. Fracture scopiform radiated. Transparent. Scratches

calcareous, but not fluor spar. Specific gravity S-^.f

Sp. 1 1 . Muriate of Copper §

—

Green Sand of Peru.

This ore, which was brought from Peru by Dombey, is a
green powder mixed with grains of quartz. When thrown
on burning coals, it communicates a green colour to the flame.
It is soluble both in nitric and muriatic acids without effer-

vescence. The solution is green. This mineral was first

proved to contain muriatic acid by Berthollet.|| Afterwards
Proust analyzed it ;

** but Vauquelin announced that he consi-

dered it merely as an oxide of copper mixed with common

• Kirwan, ii. 151. Brochant, ii. 208. Haiiy, iii. 575. Bournon and
Chtnevix, Phil. Trans. 1801. Klaprotli, iii. 187. Hoffmann, iii. 2. 170.

t Bonrnon.
J Hoffmann, iii. 2. 168.

f Kirwan, ii. 149. Brochant, ii. ;>lj. Haiiv, iii. 500. Hoffmann, iii

2. n;<j.

II Mem. Par. 1786, p. 4 and 69. Aun. de Chiui. xxxii. 26.
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Book nr. salt.* However, a subsequent examination convinced him
v

v ' that his opinion was unfounded ; and that the mineral was
really a muriate, as had been affirmed by Berthollet and
Proust.f This conclusion has been confirmed by Klaproth.

Colour sometimes between leek and emerald-green : some-
times between emerald and olive. Massive and crystallized

in flat six-sided prisms, bevelled at the extremities, and in

oblique four-sided prisms. Surface smooth ; lustre splendent,

adamantine. Internal lustre shining, resinous. Fracture fo-

liated. Massive. Opaque. Crystals transparent. Soft.

Streak pale apple green. Rather sectile. Easily frangible.

Specific gravity 3-.570.|

Sp. 12. Phosphate of Copper. §

This ore has been found at Rheinbreiderbach near Cologne,

and was considered as a variety of malachite, till Klaproth

ascertained its composition. Found massive, disseminated,

and crystallized in small oblique hexahedrons. They occur

in groups, often so small as to resemble moss. Colour ex-

ternally greyish-black ; but within, between verdigris and

emerald-green. External lustre splendent, vitreous ; internal

glimmering, silky. Fracture fibrous; fibres diverging.

Opaque. Streak apple green. Sectile. Soft. Specific

gravity 3*514-2.
j|

Sp. 13. Sulphate of Copper.

This salt occurs occasionally in the neighbourhood of cop-

per mines, either massive, in particular shapes, or in capillary

and cubic crystals. Its properties have been already detailed

in the first part of this work.

The following table exhibits a view of the constituents of

such of the preceding species as have been analyzed:

• Jour, do Min. No. xxxi. 519. f Haiiy, iii. 562.

\ Lametlierie.

§ Klaproth, iii. 201. Brochant, ii. 511. Hoffmann, iii. 2. 183.

II
Kopp.
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ORDER IX. ORES OF IRON.

Book m. Iron is the most abundant of metals ; it exists in every for-
X

y/
~~~J

mation, and assumes the most different and even opposite

shapes. This renders it a more difficult task to bring its ores

under a regular arrangement than those of any other metal.

The following table exhibits a view of the different ores of this

metal, arranged according to their component parts

:

Tabinof I. Alloys. IV. Salts.
*».,».!«.

Y Native iron. 1. Carbonate.

II. Sulphurets. 2: Phosphate.

1. Magnetic pyrites. 3. Arseniate.

2. Cubic pyrites. 4-. Sulpho-arseniate.

III. Oxides. 5. Skorodite.

1 . Magnetic iron stone. 6. Chromate.

2. Specular iron stone. 7. Silicate.

3. Titaneous iron ore. 8. Silicate of iron-nnd-man-

4. Red iron stone. ganese.

5. Hydrate of iron. 9. Tungstate.

6. Hydrate of iron-and- 10. Sulphate.

manganese.

GENUS I. ALLOYS.

Sp. 1. Native Iron.

This mineral is rare, but it has been observed in different

parts of the world. A specimen, weighing about 4lbs. was

found in the mine of Hackenberg.* Colour bluish-white.

Fracture hackly. Lustre metallic. Malleable. Magnetic.

Hard. Specific gravity 7*575. The masses of iron observed

by Pallas in Siberia, by Rubin de Celis in South America,

&c. are now considered as depositions from meteors. They

are distinguished from native iron by containing nickel, of

which the true specimens of native iron are destitute. A spe-

cimen of native iron from the mine Johannes, near Kamsdorf,

in Saxony, analyzed by Klaproth, contained

Iron 92-5

Lead 6*0

Copper 1*5

100-Of

* Cramer, Phil. M.ig. xiii. 32. f Gohleu'8 Jour. i. 30.
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GENUS II. SUI.PHUKETS.

Sp. I. Magnetic Pyrites.*

This occurs chiefly in the primitive mountains, and lias chy.it.

hitherto been observed only in beds. Colour between bronze- v—v

—

yellow and copper-red, and sometimes inclines to pinchbeck-

brown. Acquires a brownish-tarnish. Massive and dissemi-

nated. Internal lustre shining, metallic. Fracture uneven.

Fragments indeterminate, blunt-edged. Never in distinct

concretions. From hard to semihard. Brittle. Easily fran-

gible. Specific gravity l'385f to Attracted by the

magnet.

Sp. '2. Iron Pyriles.%,

This mineral is one of the most abundant in nature, occur-

ring in almost every rock and vein. Its forms, too, are equally

varied. It is massive, disseminated, globular, oviform, &c.

anil very often crystallized. The most common figures of its

crystals are the cube, the octahedron, the rhomboidal dodeca-

hedron, and the icosahedron ; but the angles and edges are

often variously truncated. The cubes are sometimes smooth
and sometimes striated : the stria? are parallel to the edges of

the faces, and in three different directions. Rome de Lisle

showed, that its primitive form was sometimes a cube and
sometimes an octahedron. Haiiy considers the cube as the

primitive form. But when we attempt to ascertain the natural

joints of the crystals, we, in some cases, obtain a cube, in

others an octahedron. Hence Bournon considers these two
forms as distinct, and constituting two species of pyrites;

which he thinks chemical analysis will one day demonstrate

to differ in their composition. The striated cubes, according
to him, constitute a third species. For a description and figure

of the different crystals of this mineral, the reader may con-
sult Rome de Lisle,

||
Haiiy,** and Bournon.ft It has been

divided into four subspecies, and even these scarcely include

all the varieties of this mineral which have been observed.

Subsp. 1. Common Pyrites.

Colour bronze-yellow. Massive and crystallized in cubes,

• Kirwnn, ii. 79. Brochant, ii. 232. IIotTmann, iii. 2. 212.

t Knrsten. \ Hatchett.

| Kirwan, ii. 7f>. Brochant, ii. 22 1. Haiiy, iv. 05. Bournon, Jour, <U
Min. No. Ixxv. 170 Holl'uiann, iii. 2. 190.

||
C'r.Tstiillo'.'. iii. JOB. •• Miner, iv. 07.

+ t Jour. i\c Mm. No. \\\\. 170.
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cither perfect or truncated, in octahedrons, dodecahedrons,
and even icosahedrons. Surface sometimes smooth, sometimes
streaked. Lustre from splendent to shining, metallic. Frac-
ture uneven. Hard. Brittle. Easily frangible. Specific

gravity 4*830.*

Subsp. 2. Radiated Pyrites.

Colour bronze-yellow* sometimes inclining to brass-yellow.

Surface tarnished. Massive, reniform, and crystallized in

octahedrons, either perfect or truncated, and in cubo-octahe-

drons. External lustre from shining to glimmering. Frac-

ture radiated. Passes into fibrous and into compact. Frag-

ments wedge-shaped. In granular, lamellar, and columnar

distinct concretions. Hard. Brittle. Very easily frangible.

Specific gravity from 4*698 to 4*775.f

Subsp. 3. Hepatic Pyrites.

Colour pale brass-yellow, inclining to steel-grey. Fresh

fracture becomes brown when exposed. Massive, tuberose,

&c. and crystallized in tetrahedrons and six-sided prisms.

Internal lustre glimmering, metallic. Fracture usually even.

Fragments indeterminate, sharp-edged. In distinct concre-

tions. In other respects the same as the preceding. Very

subject to decomposition.

Subsp. 4. Cellular Pyrites.

Colour bronze-yellow, inclining very much to steel -grey,

and a little to green. Acquires a grey tarnish. Massive, but

most frequently cellular. Surface of the cells drusy. In-

ternal lustre glimmering. Fracture even and flat conchoidal.

Fragments indeterminate, pretty sharp-edged. In other cha-

racters agrees with the preceding.

As for as has been hitherto observed, pyrites consist essen-

tially of two distinct species. 1. Magnetic pyrites, composed

of 1 atom iron, and 1 atom sulphur. 2. Cubic pyrites, com-

posed of 1 atom iron, and 2 atoms sulphur. The first is a

sulphurct, the second a bisulphuret of iron.

GENUS III. OXIDES.

Sp. l. Magnetic Iron-JStonp.X-r-Fer Oxidule of Hatty.

This species, characterized in some measure by its magnetic

properties, is divided by Werner into two subspecies.

• Hatchctt. + ]hkl

j Kinum,ii. 158. Urodiant, ii. 23I-. H;u-y,iv. 10. lluiVin.mn, m. 2. 216.

7
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Subsp. 1. Common Magnetic Iron-Stone.

This ore occurs most frequently in primitive mountains, and Chap. a.

usually in gneiss, mica-slate, chlorite-slate, and primitive v

lime-stone; but sometimes also in rocks of the floitz trap for-

mation. It is found in beds, and sometimes composes whole

mountains. It is very common in Sweden ; it is found also in

Switzerland, Norway, Russia, &c. It occurs massive, in plates,

grains, and crystallized. The primitive form of its crystals is

a regular octahedron.* Sometimes two opposite sides of the

pyramids are trapeziums, which renders the apex of the pyra-

mids cuneiform ; sometimes in cubes; sometimes the crvstals

pass into rhomboidal parallelopipeds, and into dodecahedrons

with rhomboidal faces.

f

Colour iron-black. Powder black. J Streak unaltered.

External lustre shining; internal glistening metallic. I'raeture

uneven ; sometimes approaches even, also imperfect straight

foliated. Hard. Sometimes in granular distinct concretions.

Brittle. Specific gravity from 4'200 to 4*939.§ Attracted by
the magnet, and generally possessed of more or less magnetic

virtuc.|| To this species belongs the magnet. Before the

blow-pipe it becomes browner, but does not melt. Tinges
borax dark-green. By the analysis of Bucholz, the ore is

composed of a mixture of the two distinct oxides of iron and
a little quartz.**

Subsp. 2. Iron-Su/uL

Occurs imbedded in basalt and wacka, and in the sand of

rivers. Colour dark-iron-blaek. In small angular anil

roundish grains, anil in octahedral crystals. Surface rough
and feebly glimmering. Internal lustre, shining, metallic.

Fracture perfect conchoidal; very rarely imperfect foliated.

Fragments indeterminate, sharp-edged. Semihard. Brittle.

Easily frangible. Specific gravity f600ft to 4'76. Strongly
attracted by the magnet.

Magnetic iron-stone according to the analysis of Berzelius

is composed of

• Rome dc Lisle, iii. 178.

+ Ibid.

X Haiiy, Jour, de Min. No. xxxiii. 659.

§ Kirwan's Min. ii. 159.

||
Ilaiiy, Jour, de Min. No. xxxi. 527.

* * ( ; t hlcii's Jour. Second Seriei-, in. 106.
*

t t Kirwan.
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Protoxide of iron 31 1 atom
Peroxide of iron 69 .... 2 atoms

100*

Iron-sand contains some titanium. I found the constituents
of a specimen from Aberdeenshire, as follows:

Oxide of iron 85*3

Oxide of titanium 9 5

Oxide of arsenic TO
Silica and alumina ... 1*5

Loss 2" 7

100-0

Probably the first subspecies often contains titanium.

Sp. 2. Specular Iron Ore.\

Iron Glance—Fer Oligiste.

This ore appears to be confined to the primitive and tran-

sition mountains. It occurs both in veins and beds. It is

divided into two subspecies.

Subsp. 1. Common.

This ore is found abundantly in the Isle of Elba, near Tus-

cany, in Germany, France, Russia, &c. It is either in masses

or crystallized. The primitive form of its crystals is a rhom-
boid, which differs very little from a cube; the angles of the

rhombs being 87° and 93°. It occurs in a variety of forms :

the most common are the rhomboidal parallelopiped ; the

cube, with three triangular faces instead of two of its angles

diagonally opposite ; two six-sided pyramids, applied base to

base, wanting the summits, and sometimes the angles at the

bases, and sometimes the alternate edges of the pyramid ; a

polyhedron of 24 sides, resembling a cube with three triangu-

lar faces for two angles diagonally opposite, and two triangles

for the rest of its angles ; thin octagonal plates, bounded by

six linear trapeziums, alternately inclined different ways.

Colour steel-grey; often tarnished, and beautifully irides-

cent, reflecting yellow, blue, red. Streak cherry-red. Pow-

* Attempt to establish a New System of Mineralogy, p. 125.

t Kirwan, ii. 1G2. Coudrai, Jour, dc Phys. Lv. 52. Ikuchant, ii. 142.

Haiiy, iv. Hoffmann, iii. 2. 229.

i
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tier blackish-rod. External lustre splendent to glistening ; in- chap. h.

ternal shining, metallic. Hard. Fracture sometimes com-

pact, sometimes foliated. The compact is uneven, and some-

times passes into imperfect small conchoidal ; the foliated has

a fourfold rectangular cleavage. Fragments octahedral or py-

ramidal ; sometimes indeterminate
;
usually unseparated. Ra-

ther tough. Brittle. Specific gravity 5-0116* to 5*218.f
Slightly magnetic. Does not attract iron filings, as is the case

with the last species. Little altered by the blow-pipe. Tinges

borax an obscure yellow.

Subsp. 2. Micaceous Iron Ore—Iron Mica.

Occurs in Perthshire and other parts of Scotland, &c. Co-
lour iron-black. The thin plates, when held between the eye
and the light, appear blood-red. Massive, and crystallized in

thin six-sided tables. Surface of the crystals smooth and
splendent. Internal lustre splendent, metallic. Fracture per-
fect curve-foliated. Cleavage single. Fragments sometimes
indeterminate; sometimes tabular. The massive occurs in

granular distinct concretions. Translucent on the edges; in

thin plates translucent. Streak cherry-red. Semihard. Brit-
tle. Very easily frangible. Specific gravity 4-191 to 5-07.J
According to the analysis of Bucholz this subspecies consists

entirely of peroxide of iron.§

A specimen of the first subspecies analyzed by Hisinger,
contained

Peroxide of iron 94*38

Phosphate of lime 2*75

Magnesia 0-16

Stony matter 1-25

Lost by exposure to heat .... 0'50
l-oss 0-96

100-OOH

Sp. 3. Titaneous Iron Ore**

This ore occurs pretty frequently in Sweden and Norway,
and has been hitherto confounded with common magnetic iron
stone

;
though the difference between the two is considerable.

• Brisson. f Kirwan.
J Ibid.

\ Gehlen's Jour. Second Series, iii. 104.

||
Afliandlingar, iii. 321.

M Hotl'mann, iv. 'I. 139.
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Book in. Colour between iron black and steel grey, with a tendency
v to dark reddish brown. Massive. Internal lustre from shinin"-

• • •
®

to glistening, semi-metallic. Fracture even, sometimes in-

clining to fine grained uneven. In several specimens in my
possession, the fracture is foliated. Composed usually of an-

gular distinct concretions. Opaque. Rather softer than fel-

spar. Brittle. Specific gravity 4*75.* Scarcely perceptibly

inaonetic.

Sp. 4. Red Iron Stone.-]-

This is one of the most common iron ores. It occurs in

great abundance in Lancashire, and in different parts of Ger-

many. It is found both in beds and veins, and both in the

primitive and flo'etz mountains.

Colour red. Streak blood-red. Specific gravity from 2 -952

to 5*005. Before the blow-pipe blackens, but does not melt.

Tinges borax yellowish olive-green. When digested in am-

monia, it becomes black, and often magnetic. It is usually

divided into four subspecies.

Subsp. 1. Red Scaly Iron Ore—Eisenrham—Iron Froth.

Colour between cherry and brownish-red, often passing into

steel-grey. Usually friable. Lustre glimmering, semimetallic.

Peels greasy. Very soft. Brittle. Moderately heavy. Com-

posed of scaly friable parts, which soil strongly. This sub-

species is rare : it occurs in different parts of Germany and

Hungary and Britain.

Subsp. 2. Red Ochre.

Found sometimes in powder, sometimes indurated. Com-

posed of dusty particles, which have a faint glimmering lustre.

Colour light blood-red. Soils. Feels meagre. Not particu-

larly brittle. Specific gravity 2-952. Very soft. Accompanies

the other subspecies.

Subsp. 3. Compact.

Found massive and disseminated, and in various imitative

forms ; sometimes crystallized in cubes or four-sided pyra-

mids, having their apex truncated. Colour between brown-

red and steel-grey. Fracture usually even, rarely passes into

coarse-grained uneven, large conchoidal and slaty. Lustre

* Brcitliaupt.

f Kirwan, ii. 150. Brochnnt, ii. 2i9. Hoffmann, iii. '239.
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glimmering, scmimetallic. Hard. Not particularly brittle.

Specific gravity 4-232.* Sometimes invested with a rosy-red

ochre. Found abundantly in Germany, France, &c.

Subsp. 4. Red Haematites.

Found in masses, and all the variety of forms of stalactites,

in kidney-form balls, Sec. Colour between brownish-red and

steel-grey. Powder red. Internal lustre glistening, semime-

tallic. Fracture fibrous. Fragments usually splintery or

wedge-shaped. In angular granular distinct concretions.

Hard. Brittle. Rather easily frangible. Specific gravity

4-74 f to 4-899. t

Like the last species it consists essentially of peroxide of

iron. The following table exhibits the result of the analyses ..

hitherto made.

Iron Froth.

Compact
rnl I mo-

ltone.

IteJ Hematite.

Peroxide 945 100 90 94
Oxide of manganese Trace Trace

4*5 2 2
Alumina 125
Lime . . . 1 Trace
Water 3 2

4 2

1 00-00
§ 100

||
100** 100**

Sp. 5. Hydrate of Iron.

This species was established in consequence of the investi-

gations of D'Aubuissonff and Haussmann,^ and has contri-

buted to remove a good deal of confusion, observable in the

mineralogical arrangement of the iron ores that must now be

placed under this species.

Hydrate of iron may be divided into six subspecies, depend-
ing chiefly upon the fracture and texture.

• Breithaupt. t Gellert. J Breithaupt.

§ Henry, Nicholson's 4to. Jour, iii. 456.

||
Bucholz, Gehlen's Journal, Second Series, iii. 158.

•• D'Aubuisson, Ann. de Cbim. lxxv. 237. Specific gravity of the first

specimen 4*8, of the second 5*0.

ft Ann. de Chitn. lxxv. 225.

Gilbert's Annalen, xxxviii. 1.
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Subsp. I. Stilpnusiderile.*

This ore which occurs in father Abraham's mine at Schie-

benberg, in Saxony, and in other places, was named stilpnosi-

derite (cmA7rvoj shining, and vdypoc, iron) by Ullmann, on ac-

count of its strong lustre.

Colour varies. from brownish black to blackish brown. Mas-
sive. Internal lustre splendent and shining, resinous. Frac-

ture perfect conchoidal. Opaque. Streak yellowish brown.

Hard in a low degree. Brittle. Easily frangible. Specific

gravity 3'77.f Infusible before the blow-pipe. Its constitu-

ents, according to the analysis of Ullmann, are as follows :^

Oxide of iron 80 50

Silica 2-25

Water 16*00

Oxide of manganese .... Trace

98'75

So that it is a perprotohydrate of iron.

Subsp. 2. Fibrous Hydrate—Brown Hematite.

The name hematites (bloodstone) was probably applied by

the ancients to those ores only which are of a red colour, and

have some resemblance to clotted blood ; but by the moderns

it is applied to all the ores of iron which give a reddish co-

loured powder, provided they be of a fibrous texture.

Brown hematite occurs rarely massive, usually in imitative

forms of various kinds, and sometimes in pseudo-crystals, con-

sisting of six-sided acute-angled pyramids. Colour clove-

brown; sometimes passing into steel-grey, bluish-brown or

ochre-yellow ; sometimes iridescent. External lustre splen-

dent ; internal glistening, between silky and resinous. Frac-

ture fibrous. Fragments splintery, wedge-shaped, indeter-

minate. In granular distinct concretions. Hard. Brittle.

Opaque. Specific gravity 3-789 J to 3-951. § Not magnetic.

Streak ochre-yellow.

Subsp. 3. Compact Hydrate—Compact Brown Iron-stone.

This subspecies occurs in masses of very various, and often

fantastical shapes ; sometimes in pseudo-crystals. Colour clove

brown. Internal lustre glimmering, scmimctallic. Fracture

• Hoffmann, iv. 2. 10H. f Hreithaupt. \ Gellert. § Kinvan.
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commonly even. Fragments indeterminate, blunt-edged, ciup

Streak yellowish-brown. Easily frangible. Hard. Brittle. »

Specific gravity 3-4771* to 3-752.+

Subsp. 4. Globular Hydrate.

Of this the three following varieties have been distinguished.

Variety 1 . Lenticular Clay Iron-stone—ylcinose Iron-stone.

Occurs in transition and floe'tz mountains. Colour brown-

ish-red, passing into steel-grey, and into reddish, yellowish,

and blackish-brown. Massive. Internal lustre glistening, sc-

mimetallic. Fracture apparently earthy, and sometimes slaty.

Fragments indeterminate, blunt-edged. In granular and len-

ticular distinct concretions. Red variety yields a light red

streak, the yellowish a yellowish-brown, and the black a grey-

ish-black streak. Baft. Sectilc. Very easily frangible. Spe-

cific gravity 3*770.

Variety 2. K'ulneyjlrm Clay Iron-stone.

Oetitt s or Eagle-stone.

Occurs imbedded in iron-shot clay in the newest floe'tz rocks.

Common in Scotland and other countries. Colour yellowish-

brown, varying in intensity in the MUM specimen ;
externally

being darkey and internally lighter. Sometimes it includes an

ochre-yellow kernel. In roundish masses, from the »ize of a

walnut to that of a man's head. Fracture near the surface

even, near the centre earthy. Lustre of external layers glim-

mering, scmimetallic ; of the centre dull. Fragments indeter-

minate. In concentric lamellar distinct concretions, inclosing

a nodule often loose. Surface of concretions rough and glim-

mering. External layers soft, internal very soft. Brittle.

Easily frangible. Adheres to the tongue. Sp. gr. 2'574.

Variety 3. Pisiform Iron-stone.

Supposed to occur in the second floe'tz lime-stone formation,

and in clay beds. Found in Scotland, and in various parts of

Germany, fee. Colour within yellowish-brown; without red-

dish, yellowish, and liver-brown, and sometimes yellowish-

grey. In small, round, and spherical grains. Internally it

passes from dull to glistening ; the centre of the grain being

dull, and the lustre increasing as we approach the surface.

• Brisson. t Kirwan.

VOL. III. 2 I
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Lustre resinous. Fracture towards the centre fine earthy,
near the surface even. In thin concentric lamellar distinct

concretions, having- a smooth glistening surface. Streak yel-

lowish-brown. Soft. Not very brittle. Easily frangible. Spe-
cific gravity 5*207.

Subsp. 5. Ochrey Hydrate— 0, hrey Brown Iron-stone.

It occurs both massive and diss mated. Colour very light

yellowish-brown. Between solid and friable. Composed of

coarse earthy particles, dull or feintJy glimmering. Soils

strongly. Very soft. Between brittle and sectile. When
slightly heated reddens.

Reddle or fed chalk seems to bel< rig to this subspecies. It

occurs chiefly in the newer clay slate and is chiefly used for

drawing. Found massive Colour light brownish-red. Prin-

cipal fracture slaty. Cross fracture line earthy. Lustre of the

principal fracture glimmering; of the cross fracture dull.

Fragments usually splintery. Stri lighter, and more shining

than the fracture. b\>ils strongly. Very soft. Sectile. Easily

frangible. Adheres to the tongue. Feels meagre. Specific

gravity 3*931 to 3*139 ; .*

Subsp. 6. Bog Iron Ore.f

This subspecies belongs to the i wesl formation, and is sup-

posed to be daily deposited from water in morassy-grounds. It

is divided into three varieties.

Variety 1. Morass Ore.

Colour yellowish-brown. Som- • > friable; sometimes

nearly cohering. The friable >s d of dull dusty parti-

cles; the coherent massive, corroded, and ingrains. Lustre

dull. Fracture earthy. Soils pretty rongly. Feels meagre.

Light.

Variety 2. Swamp Oie.

Colour dark yellowish-brown. C . roded, vesicular, and

amorphous. Interna' lustre glimn ring. Fracture earthy,

passing into fine-grained urievei treak yellowish-brown.

Very soft. Sectile. Easily frangible. Spe cific gravity 2'94*4

Va' iety 3. Meadow Ore.

Colour, when fresh broken, blackish-brown. Massive, in

* Bluinonbiich nnd Brisson.

\ Kiryvan, ii. \79 Brochant, ii 282.

J Kirwan.
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grains, perforated, Sec. Internal lustre shining, resinous. Chip. ir.

Fracture imperfect small conchoidal ; sometimes passes into
"v

small-drained uneven. Fragments indeterminate, blunt-edged.

Streak light yellowish-grey. Soft. Rather brittle. Very

easily frangible. Heavy.

The following table exhibits the constituents of these differ-

ent hydrates according to the most accurate analyses hitherto

made.

Brown Hema- Compact /Elite*. Lenticular Ochre. Meadow
tite brown Iron—tone. Iron-ore. Ore.

Pero.x. of iron. 79 82 81 81 76 78 73 S3 61

Oxide of tnao-

2 1 1 2 Trace I Trace 7
W'aicr 15 14 11 12 14 13 14 12 19

3 1 2 4 5 7 9 5 6
Trace 1 2

Loss

~
l 1 2 3 3 1 3 5

100* KMC 100* KM)' I00» 100* IMP

Sp. 5. Hydrate of Iron and Manganese-^—Umber.

This mineral, which is used as a paint, occurs in beds in the

island of Cyprus. Colour clove-brown. Massive. Internal

lustre glimmering and resinous. Fracture flat conchoidal.

Fragments blunt edged. Very soft. Rather scctile. Soils

strongly. Very easily frangible. Feels meagre. Adheres
strongly to the tongue. Readily falls to pieces in water. Spe-

cific gravity T206.X Its constituents are,

Oxide of iron 48

Oxide of manganese 20

Silica 13

Alumina 5

Water 14

100§

GENUS IV. SALTS.

Sp. 1. Carbonate.

Of this salt there are two subspecies, namely sparry iron ore

and common clay iron-stone.

• D'Aubuisson, Ann. de Cliim. lxxv. 237.

t Hoffmann, ii. 2. 208. J Breithaupt.

§ Klaproth, Beitrage, iii. 140.

2 I 2
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Book hi. Subsp. 1. Sparry Iron Ore *

This ore is common in Germany, France, and Spain, and
occurs in small quantities in Britain. It is found sometimes

in amorphous masses, and sometimes crystallized in rhombs,

lenses, octahedrons, dodecahedrons, and six-sided prisms.

Colour light yellowish-ore}', passing into yellowish-brown

and blackish brown. Sometimes intermediate between yellow-

ish brown and greenish-grey. On exposure to the air or heat

the colours change into brown or black. Internal lustre from

splendent to glimmering, pearly. Fracture more or less per-

fect foliated. Cleavage threefold. Fragments rhombs with

angles of 107°.f Translucent, sometimes opaque. In gra-

nular distinct concretions. Streak yellowish brown. Harder

than calcareous spar. Not particularly brittle. Easily fran-

gible. Specific gravity 3.560 to 3*738. J Becomes black be-

fore the blow-pipe.

The following table exhibits the constituents of this sub-

species.

Sparry Iron-stone.

h k h II II

* # * * ft +

1

Oxide of iron. 52-75 42-38 42-38 49 50-5 55 73-75 57-5 58

Ox. of mangan. 1-5 10 10 10-5 3-5 4-25

0-8 2
0 3 0-5 2-75 1-25 0~5

Magnesia 5 14 13 6 12-5 2 0-75

Carbonic acid . 42-25 43 62 43-22 37*5 345 35 13 36 35
0-5 1-75 1-5

100-00 lOO'OO 100-00 100-S 100 0 100 100-00 10000 100-00

Subsp. 2. Common Clay Iron-stone.

Occurs in beds in flo'etz mountains. Found abundantly

both in Scotland and England. Colour light yellowish grey,

inclining to ash-grey; it passes into bluish-grey, and, into

yellowish, reddish, and clove-brown, and brownish red. The

light varieties change their colour on exposure; they become

yellowish, then brown, and at last black. Massive and in va-

* Kirwan, ii. 190. Bergman, ii. 184. Bayen, Jour, de Phys. vii. 213.

Itazmvmoski, Mem. Lausanne, 1783, p. 149. Brochant, ii.2(34. Hoffmann,

iii. 2. 262.

f Wollaston. X Breitliaupt.

§ Drappier, Gehlen's Jour. Second Series, ii. 471.

||
Collet DescoliIs,ibid. p. 476. ** Bucholz, ibid. iii. 114.

ft Klaproth, Beitrage, iv. 107.
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rious extraneous shapes, especially of shells. Internal lustre chap. u.

dull. Fracture usually earthy, sometimes flat conchoidal and

even. Fragments indeterminate, blunt-edged. Soft. Rather

brittle. Easily frangible. Adheres a little to the tongue.

Feels meagre. Specific gravity from 2 ,

93b' to 3*471.

The following table exhibits the constituents of this sub-

species.

L'oinmuu (lay Iron-stoue.

• • * • * •

33 5 42 3 39-1 33-9 20-1 20-2

15 3 11 l'l 1 05
14 3 13-8 11-9 23 9 19-9 29-9

22-6 13-6 15 8 13 30-2 25-4

28 1 271 32-

1

28-1 28-8 210
Water

100 0 1000 100-0 100 0 1000 00-0

Sp. 2. Phosphate.

Of this species there arc two subspecies, the crystallized

phosphate, and earthy phosphate, or native prussian blue.

Subsp. 1. Phosphate of Iion.f

This mineral has been found in Brazil, and in the Isle of

France. Various fine specimens from Cornwall have been

lately exhibited. Its composition was first detected by Vau-

quelin. Specimens brought by Mr. Koch from the Isle of

France were subjected to chemical analysis by Cadet and

Laugier.

It is said to be found imbedded in a species of clay, in round

pieces. Fracture radiated. Composed of capillary crystals

diverging from a centre. Crystals apparently lour-sided

prisms.}: Individual crystals translucent. Colour indigo

blue. The constituents both of the crystals and powder the

same. Sectile. Specific gravity 2-539, according to Cadet;
2*6, according to Laugier.

Subsp. 2. Blue Iron-carth. § Xut ire Prussian Blue.

This mineral is considered at present as a phosphate of iron,

• Itichter, Crell's Annals, 1790, i. 550.

t Cadet, Jour, de Phys. Irii. 259. Fourcroy, Ann. de Chim. 1. 200. Hoff-
mann, iv. 2. 144.

X The Cornish specimens are in large flat four-sided rectangular prisms.

€ Kirwan. ii. 185. Brnchant. >i. 588. liaiiv, vi. 119. Hoffmann. iii. 2. 302.
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But in. in consequence of the analysis of Klaproth. It occurs in nests

among the strata of clay, bog iron ore, or in mosses. It is

massive, composed of earthy particles w ithout lustre, and fri-

able. At first its colour is greyish-white, but when exposed

to the air it becomes indigo or smalt-blue. Soils slightly.

Feels harsh. Moderately heavy. Before the blow-pipe be-

comes reddish brown, and melts into a black brilliant globule,

which tinges borax deep yellow. Dissolves readily in acids.

But becomes insoluble by exposure to a red heat.

The constituents of these minerals are as follows:

Phosphate of Iron.
Blue 1 !"on-

1 earth.

* t x

Oxide of iron 41*25 . . 42*1 . . 47*5

Phosphoric acid 19-25 . . 26-9 . . 32

Silica 1-25 . . 3 . .
—

Alumina 5 . . 5"§ . .
—

Lime — . . 9*1 . .

—

Water 31*25 .. 13T .. 20

Loss 2 . .
—

. . 0'5

100 100 100

Sp. 3. Arseniale of Iron.§—Cube Ore.

This ore was first mentioned by Klaproth, but mistaken by

him for arseniate of copper containing iron : ||
it has been found

in Carrarach and in Muttrell mines in Cornwall. For the de-

scription of it we are indebted to Bournon, and for its analysis

to Chenerix.

This ore is crystallized in cubes, which arc sometimes a lit-

tle flattened, and in some cases the angles are truncated, and

small equilateral triangular faces substituted for them. Some-

times the alternate angles only are truncated. Colour olive-

green. Internal lustre glistening, between pearly and ada-

mantine. Fracture imperfect foliated. In granular distinct

concretions. Translucent. Streak straw-yellow. Brittle.

Soft. Specific gravity 3*00. Sometimes in the state ofa pow-

der of a reddish-yellow colour.**

• Laugier, Ann. de Cliim. 1. 214. f Cailet, Jour, de Pliys. lviii. 261.

t Klaproth, Bcitrage,iv. 120. § Hoffmann, Hi. 2. llf.

||
Klaproth's Observations on the Minerals of Cornwall, p. 29. English

Translation.

** Phil. Trans. 1001, p. 100.
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Its constituents are as follows :

A rscnifttc of Iron.
1

T
. 48 . . 4.V5

g

;'
i s . . 31

..' 4
o

32 . . 10

100 995

Sp. 4. Sulpharsctiiate. In>>inl<r. l itc/ir/ iron ore. Pil-

tizite.

This scarce mineral, which occurs in different parts of S.ix-

ony, seems first to have been brotlghl into notice by the ana-

lysis of'Klaproth, in consequence of which Kartten introduced

it into his system.

Colour yellowish, reddish, and blackish brown. Massive,

and encrusting other minerals. Internal lustre shining and

glistening, resinous. Fracture commonly conchoitlal. Varies

from transparent to translucent on the edge*. Soft. Brittle.

Very oasily frangible. Specific gravity 8*40.$ According to

the analysis of Mromeyer, it is OMBfXM d of

Arsenic acid 26"06

Sulphuric aeitl 10-7.3

Oxide of iron 33*46

Oxide of manganese .. 0*59

Water 28-48

99-34 §

Stromeycr conceives it to be an arseniate of iron with sul-

phuric acid mechanically mixed. But the quantity of perox-

ide of iron is sufficient to saturate both acids. It must therefore

be tkcombination of arseniate and sulphate of iron.

Sp. 5. Sk'>H>(/i/e.\\

This mineral occurs in the Schneeberg mining district in

Saxony, and likewise in Carinthia. It was constituted into

• Vauquelin. t Cl.enevix, Phil. Trans. 1801, p. 88 1.

I Karstcn. ^ Gilbert's Amuilen, Ixi. 183.

||
Annals of Philosophy, :.ii. 4j4. Haffiaum, iv. 2. 182.
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Boot nr. a species by Breithaupt, who named it skorodite (anopo^ov,

' v garlic) from the strong arsenical smell which it gives out when
heated before the blow-pipe.

Colour leek green, passing on the one side nearly to black,

and on the other to liver brown. Massive, and crystallized in

low, flat rectangular four-sided prisms, terminated by a rect-

angular pyramid. The narrow faces of the prisms are longi-

tudinally streaked, the broad faces are smooth. Lustre varies

from shining to splendent, intermediate between vitreous and
pearly. Fracture sometimes foliated with one cleavage paral-

lel to the broad faces of the prisms; sometimes intermediate

between uneven and small imperfect foliated. Usually trans-

lucent on the edges ; sometimes semi-transparent. Rather

harder than calcareous spar. Easily frangible. Not particu-

larly heavy. The small portion in the possession of Brei-

thaupt did not enable him to ascertain the specific gravity.

Before the blow-pipe it melts, emitting copious arsenical

fumes, leaving a dark reddish brown mass, which, when kept

in a red heat till all the arsenic is driven off, becomes attract-

able by the magnet. Breithaupt assayed it for copper without

beino- able to detect anv. He considers it as an arseniate of

iron and manganese.

Sp. 6. Chromate of Iron.*

This mineral, which has been found near Gassin in the de-

partment of Var in France, in Siberia, near Baltimore, and in

the Shetland Islands, is in irregular masses and crystallized in

octahedrons'.

Colour brown, not unlike that of brown blende. Powder

ash-grey. Fracture uneven. Opaque. Lustre glistening,

slightly metallic. Hardness sufficient to scratch glass. Brit-

tle. Easily frangible. Specific gravity 4*0326.t Does not

melt before the blow-pipe per se ; but melts with borax, and

forms a fine green bead. Insoluble in nitric acid. Melted

with potash and dissolved in water, the solution assumes a

beautiful orange yellow colour. Its constituents are as fol-

lows :

• Brochant, ii. 551. Haiiy, iv. 129. lloflmann, iii. 2. 226.

f Tassnert.
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*

Oxide of chromium 43'0

Oxide of iron .... 34*7

Alumina 20*3

Silica 2*0

Loss —

100 100 100

Sp. 7. Silicate.

We are acquainted with three different silicates of iron.

The first is a hydrous silicate to which Berzelius has given

the name of hedenbcrgilc. The second is a double silicate of

iron and lime, to which the French mineralogists have given

the name of yt-mte. The third is a double silicate of iron and
manganese, distinguished by Haussmann by the name of
pyrodmalite.

1. Hedenbcrgite.§

This mineral was first described and analysed in 1807 by
Hedcnbcrg in the second volume of the Afhandlingar. It

occurs at Tunaberg in Sudcrmannland in the mine called

Mormors. It is associated with white calcareous spar in

which it forms thin layers. Its surface is often sprinkled with
cubic pyrites ; and masses of quartz and mica often intersect

it.

Colour greenish black ; sometimes passing into brown.
Massive and composed of shining plates; by the fracture of
which rhombs may be obtained, having angles nearly similar
to those of calcareous spar. Fracture fibrous. Fragments
indeterminate, sharp-edged. Streak olive-green. Scratched
by fluor spar but not by calcareous spar. Powder olive-green
inclining to brown. Phosphoresces both by heat and friction

;

but does not become electric. Specific gravity 3*154. Before
the blow-pipe it loses its lustre and becomes magnetic. Its

constituents according to the analysis of Iledenberg are as
follows :

* Vuuquelin, Jour, de Min. No. It. 523. Specimen from the Var.
t Laugier, Phil. Mag. xxiv. 7. Specimen from Siberia.

; Khiproth, Gehlen's Jour. Second Scries, i. 192.

\ Afhandlingar, ii. 164.

4.
t t

53 . 55 5

34- . . 33-0

11 . . 60
1 .

2-0

1 . . 35

Chap. II.



490 SIMPLE MINERALS.

B»°k "r. Silica 40*62
V
~" Black oxide of iron 35*25

Water 16*05

Lime 3*37

Alumina 0*37

Oxide ofmanganese 0*75

Carbonic acid 1*56

Loss 2*03

100*00

2. Yenite*—Lievrke of Werner.

This mineral was discovered and brought from the isle of

Elba by Mr. Le Lievre. Its colour is sometimes velvet-black,

sometimes brownish-black. It occurs both massive and crys-

tallized. The form of the crystals is a rectangular four-sided

prism, terminated by a flat four-sided pyramid, the sides of

which are set upon the lateral sides of the prism at angles of

104°. Sometimes the edges of the prisms are truncated. The
sides of the first variety are longitudinally streaked. Fracture

uneven. Lustre resinous. Cleavage threefold, two of them

parallel to the sides of the prism, the third parallel to the

shorter diagonal of the rhombs. Opaque. Semihard.

Scratches glass, but not felspar. Specific gravity from 3*S25

to 4*061.t When exposed to the air its surface acquires a

brownish or ochre yellow colour. Before the blowpipe it

melts into a black glass, attracted by the magnet. Soluble in

muriatic acid.

It forms beds in a rock which appears intermediate between

actinolite and hornblende.

Its constituents are as follows

:

I §

55 .. . . 57*5

Oxide of manganese . , yj mm • •

28 .. .. 30

0*6 .. • •

12 .

.

. . 12*5

1*4 .. • •

100 100

Hoffmann, ii. 1. 376*. t Lclievre.

+ Descotils, Gch'.en's Jour. Second Scries, iii. 87.

§ Viiuquelin, ibid.
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3. Pyrodmalite.*

This mineral was discovered bv Messrs. Clason and Henry

Gahn, in the iron mine of Bjelke in Wcrineland. It was

named byHaussmann from the strong smell of cnlorinc which

it emits when heated by the blow-pipe.

Colour liver-brown. It is crystallized in six-sided prisms,

which are sometimes very short and sometimes truncated on

their terminal edges. Terminal planes of the crystals shining

and pearly; lateral planes shining and vitreous. Principal

fracture foliated with a four-fold cleavage; the most distinct

is that parallel to the terminal planes. The other three are

parallel to the lateral faces and are less distinct. Lustre of the

principal fracture shining, of the cross fracture glimmering.

In straight lamellar distinct concretions. Translucent on the

edges. Semihard. Streak brownish-white. Powder !i<_f lit-

grcen. Specific gravity 3*081. Before the blow-pipe it gives

out vapours of muriatic acid and melts into a bead which is

attracted by the magnet. Its constituents according to the

analysis of Hisinger are as follows:

Silica 35-850

Oxide of iron :<5 +S0

Oxide of manganese .... 23*441

Muriatic acid 2*905

Lime 1-210

Loss 1*711

100-OOOf

Sp. Silicate of Irori-and-mangaiH sc. Ki cbtlite.\

Knebelite is a name given by Dobereiner to a new species

of iron ore given him by Major von Knebel.

Its principal colour is grey ; but it is spotted smutty white,

brownish red, brown and green. Massive. External surface

uneven and full of holes. Lustre glistening. Fracture imper-
fect conchoidal. Fragments indeterminate, sharp-edged.

Opaque. Hard. Brittle. Difficultly frangible. Specific

gravity S-711. Infusible by itself before the blow-pipe ; but
with borax it melts into a dark olive-coloured bead. Its con-
stituents, according to the analysis of Dobereiner, are as
follows

:

* Af handlingar, iv. 317. Ann. de Chim. et de Phys. x. 264.

t At haiidlintar, iv. 324.

X Annals of Philosophy, xii. 391. Schweigger's Jour. xx\. 49.
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Book in. Silica 32*5

Protoxide of iron 32

Protoxide ofmanganese . . 35

99-5

or it is / S + m S.

Sp. 9. Turigstate—Wolfram*

This species is found in different parts of German}', in

Sweden, Cornwall, France, and Spain; and is almost con-

stantly accompanied by ores of tin. It occurs both massive

and crystallized. The primitive form of its crystals, according

to the observations of Mr. Haiiy, is a rectangular parallelo-

piped, whose length is 8*66, whose breadth is 5, and thickness

4*33.f In many cases, the angles, and sometimes the edges,

of the crystal are truncated.

Colour between dark-greyish and brownish-black. Streak

reddish-brown. Powder stains paper with the same colour.

Lustre glistening, metallic. Fracture foliated. Cross frac-

ture coarse and small grained uneven. Easily separated into

plates by percussion. In lamellar distinct concretions. Opaque.

Soft. Brittle. Specific gravity from 7*130t to 7*333.§ Mo-
derately electric by communication. Not magnetic. Infusi-

ble by the blow-pipe. Forms with borax a greenish globule,

and with microcosmic salt a transparent globule of a deep

red.
||

Its constituents are as follows :

Tungstic acid 67 .... 78*77 5

Protoxide of iron 18 .... 18'320

Protoxide of manganese .... 6*25 .... 6*220

Silica 1*5 .... MM»
Loss 7*25 ....

100*0** 101*565 ft

* Kirwan, ii. 316. De Luyart, Mem. Thoulouse, H. 141. Gmelin, Crell's

Jour. Eng. Trans, iii. 127, 205, and 293. La Perouse, Jour, de Min. No.

iv. p. 23. Brochant, ii. 456. Haiiy, iv. 314. Hoffmann, iv. 1. 242.

t Jour, de Min. No. xix. 8. \ Gellert. § Haiiy.

||
Vauquelin, Jour, de Min. No. xix. 11.

•* Vauquelin and Hecht, Jour, de Min. No. xix. p. II.

tt Berzelius, Af handlingar, iv. 302.
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Sp. 10. Sulphate.

This salt is found sometimes along with iron pyrites. Its
v

chap -

properties have been described in a former part of this work.

The mineral usually called native vitriol is a mixture of the

sulphates of iron, copper, and zinc.

ORDER X. ORES OF MANGANESE.*

Ores of manganese occur both in primitive and transition

mountains. They are very common, having been found

abundantly in Germany, France, Spain, Britain, Sweden,

Norway, Siberia, and other countries.

Hitherto manganese has been only found in the state of

oxide. La Perousc, indeed, suspected that he had found it

in a metallic state; but the quantity was too minute to admit

of decisive experiments. The following table exhibits the

ores of this metal which have been described :

I. Oxides.

1 . Grey ore.

2. Black ore.

3. Sulphuretted oxide.

II. Salts.

1. Phosphate.

2. Silicate.

3. Carbosilicate.

GENUS I. OXIDES.

Sp. 1. Grey Ore.f

This mineral is found in great abundance in different part*

of the earth. It is divided into four subspecies by Werner.

Subsp. 1. Radiated Grey Ore.

Colour steel-grey. Found massive and disseminated, and
crystallized in four sided prisms, either terminated by four-

sided or by two-sided summits. The faces of the prisms are

longitudinally streaked. Internal lustre shining, metallic.

Fracture radiated. Surface of fracture streaked. Fragments
splintery or wedge-shaped. In granular distinct concretions.

• Pott, Miscelan. Berolens, vi. 49. Margraff, Mem. Berlin, 1773, p. 3.

La Perouse, Jour, de Pliys. xvi. 156, and XT. 67, and xxviii. 68. Sage, Mem.
Par. 1785, p. 235.

t Kirwan, ii. 291. Brochant, ii. 414. Haiiy, iv. 243. Hoffmann, iv. 1.

137.
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^ Streak similar. Stains. Soft. Brittle. Rather tough. Spe-
cific gravity from 4-261 to 4-316.*

Subsp. 2. Foliated Grey Ore.

Colour steel-grey. Found massive, disseminated, and crys-

tallized in Iongish rhombs. Internal lustre shininar, metallic.

Fracture foliated. Fragments indeterminate, blunt-edged.
Streak black and dull. Stains. Soft. Brittle. Easily fran-

gible. Specific gravity as in the former.

Subsp. 3. Compact Grey Ore.

Colour steel-grey. Found massive and disseminated. Ex-
ternal lustre dull; internal glistening, metallic. Fracture
even ; sometimes inclining to flat conchoidal. Fragments in-

determinate, not very sharp-edged. Usually unseparated

;

sometimes in thick lamellar distinct concretions. In other re-

spects resembles the preceding.

Subsp. 4. Earthy Grey Ore.

Colour dark steel-grey, inclining a little to bluish. Massive.

Composed of delicate scaly particles, which have a glimmering

metallic lustre. Soils strongty. More or less cohering. Feels

fine but meagre. Moderately heavy.

The grey ore of manganese, before the blow-pipe, becomes

brownish-black, but does not melt. Tinges borax violet.

Sp. 2. Black Ore of Manganese.

\

This ore is rare, and usually occurs along with grey anti-

mony ore. Colour pitch-black. Found massive, or dissemi-

nated, or crystallized in octahedrons. Surface of the crystals

smooth and shining. Internal lustre glistening. Fracture

imperfect foliated. Fragments indeterminate, blunt-edged.

In small granular distinct concretions. Streak reddish-brown.

Opaque. Semihard. Brittle. Heavy.

The following table exhibits a view of the constituents of

these species, according to the analyses hitherto made:

* Breithaujt. f Brochant, ii. 424. Hoffmann, iv. 1. 149.
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Radiated Gret Ore. Compact Grey Ore.
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Sp. 3. Sulphuretted Oxide. §

Mungenblende of Werner.

This mineral has been found in Cornwall, and at Nagyag

in Transylvania. Colour, when fresh broken dark steel-grey;

but on exposure assumes a brownish-black colour. Massive;

also crystallised in oblique four-sided prisms. Lustre of the

fresh fracture splendent; of the tarnished surface shining and

metallic. Fracture foliated, with di Hi-rent cleavages. Opaque.

As hard as fluor spar. Sectile. Streak leek-grccn. Specific

gravity 3*950.
||

Before the blow-pipe gives out sulphur and
tinges borax violet-blue. Its constituents are as follows:

Oxide of manganese .... 82'0 . . 85

Sulphur 1 10 . . 15

Carbonic acid 5 0 . .
—

Loss 2 0 . .
—

100 0* # 100 ft

• Klaproth, Beitrage, iii. 303. The specimen was from Ilefeld in tho
Hartz.

+ Cordier and Bcaunier, Jour, tie Min. No. Iviii. p. 778. The first spe-
cimen yielded 38 per cent, of oxygen, the second 36-5, and the third 42.

The lime in the second specimen was in the state of carbonate.

I Cordier and Beuunier, ibid. The first specimen, from St. Micaud,
yielded 33 per cent, of oxygen; the second, from Perigueux, 17 per cent.
Hie lime in these was contaminated with some magnesia, iron, and manga-
nese. The third specimen, from Romaneche, yielded 33-7 per cent of oxy-
gen; the fourth, from Laveline, 17 per cent. The lime in this last was in
the state of carbonate.

§ HotTmann, iv. 2. 197.
||
Klaproth.

•** Klaproth, Beitrage, iii. 42.

ft Vauquelin, Gehlen's Jour. Second Series, ii. 34.
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GENUS II. SALTS.

Sp. 1. Phosphate of Manganese*—Pitc/uj Iron Ore.

This mineral was discovered by Alluau near Limoges, and
sent to Vauquelin as an ore of tin. It is found massive. Co-
lour raven-black. Surface earthy, and without lustre : inter-

nal lustre shining, resinous. Fracture flat conchoidal, and
sometimes imperfect foliated. Fragments indeterminate,

pretty sharp-edged. Translucent on the edges. When held

between the eye and the light, appears blackish-green on the

edges. Scratches glass. Brittle. Easily frangible. Specific

gravity 3*562.f Before the blow-pipe it melts into a black

enamel.

Its constituents are as follows :

Phosphoric acid 27

Oxide of manganese . . 42

Oxide of iron 31

100 %

Sp. 2. Silicate of Manga7iese.§

Manganspath of Werner

—

Rhodorite of Jasche.

This mineral is found at Longbanshytta in Wermeland,
Sweden. Its colour is rose-red. Massive. Fracture foliated,

with a threefold cleavage like felspar. Opaque when in large

masses ; but the thin splinters are translucent. Strikes sparks

with steel and scratches glass. Specific gravity 3\5384. Be-

fore the blow-pipe it becomes dark-brown and at last fuses into

a reddish-brown bead.

Its constituents, according to the analysis of Berzelius are

as follows

:

Peroxide of manganese .. 52-60 . . 54-42

. . 39-60 . . 48-00

. . 4-60 . . Trace

. . 1-50 . . S'12

. . 0-22

, ,
2-75 • •

1

101-05
||

105-76 **

* Jour, de Min. No. lxiv. 295. Ann. de Chim. xli. 242. Brochant, ii.

533. Hoffmann, i ii - 2. 300.

f Breitliaupt. t Vauquelin, Ann. de Chim. kL 242.

§ Hisinger, Af linndlingar, i. 105. Hoffmann, iv. 1. 155.

|
Afliandlingar, i. 110.

** Berzelius, Sclnveigger's Jour. xxi. 254.
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Sp. 3. Carbo-silieate*—Hornmangan.

Tliis mineral was discovered some years ago by mine-com- »•

missioncr Jasche, at Ilsenberg, in the Lower Hartz. and de-

scribed by him in a small work published by him as long ago

as 1807. A chemical analysis of it and several other manga-

nese ores described by Jasche, was published by Dr. Du Menil,

of Wunstorfj in 1819, under the name of Kiesel-mungane.-f

Soon after Dr. Germar, Professor at Halle, sent specimens

for analysis to Dr. Rudolph Brandes in Salz UHen ; and a

description by Germar, together with the result of Brandes's

analyses, was published in Schweiggcr's Journal. % The species

described by Jasche are five in number ; viz.

1. Allagitc.

2. Rhodonite.

S. Hydropitc.

4. Photicitc.

5. Hornmanganese.

Of th esc, Tlortnnntitranese appears to be a combination of
bisilicate of manganese and carbonate of manganese, com-
posed of 2 atoms bisilicate + 1 alom carbonate; so that its

symbol is 2 »S 9 + m C. Hydropitc and Rhodonite for the
most part belong to the last spec ies, being silicates rfma?ig<mem
Photicitc and ylllagite seem to be mixtures of silicate and carbo-

silicate of manganese. [ consider it as sufficient to give the
characters of the pun- carbosilieate. For the description of
the other varieties I refer the render to Professor Germar's
paper, quoted above.

Hornmanganese has been divided by the German minera-
logists into three subspecies, namely, conchoidal, uneven, and
splintery hornmanganese, from the fracture. Conchoidal
hornmanganese occurs chesnut-brown, isabella-yellow, and

• even brownish-black. The uneven variety is commonly yel-
lowish-brown; but it occurs also yellowish-grey and yellowish-

' white; while the splintery variety is greenish-grey, and some-
i times yellowish-grey or yellowish-browu.

The fracture of the first variety is large flat conchoidal,
sometimes passing into even, or into splintery ; of the second
'variety, large and small-grained uneven; of "the third variety,
•splintery, sometimes inclining to even. Lustre glimmering or

• Schweigger's Jour. xxvi. 103. f Gilbert's Armiilen, Ixi'. 190.
J Vol. xxvi. p. 103.

VOL. III. 2 K
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Bookm. dull. Translucent on the edges. Hard enough to scratch

glass. Brittle. Easily frangible. Specific gravity from 3-50*

to 3*89.f Phosphoresces before the blow-pipe and softens on
the edges. Gives a hyacinth-red colour to borax. The con-

stituents of these three varieties, according to the analysis of

Brandes, are as follows

:

1st variety. 2d variety. 3d variety.

54-857 54-929 57-162
34-000 31-000 35-000
8-000 10-000 5-000
2-000 1-500 2-500
0-500 0-500 0-250

Trace 1-000 •101

0-500 0-250

99-357 99-429 100-263

ORDER XI. ORES OF URANIUM.

The ores of uranium occur in Saxony, Bohemia, Norway,

Cornwall, France, and are found in veins in primitive moun-
tains. Hitherto it has been observed only in the state of

oxide. The following are the species at present known :

I. Oxides.

1. Protoxide or pitch ore.

2. Green mica or hydrate.

3. Uran ochre or peroxide.

GENUS I. OXIDES.

Sp. 1. Pitch Ore—Pechblende.%

This ore, which has been found at Johanngeorgenstadt in

Saxony, Joachimsthal in Bohemia, and Konigsberg in Norway,

is either massive or disseminated.

Colour velvet-black or dark greyish-black. Streak similar.

Internal lustre shining, resinous/ Fracture imperfect fiat eon-

choidal. Fragments indeterminate, sharp-edged. Occurs in

thick curved lamellar, and in coarse angulo-granular distinct

concretions. Soft. Very brittle. Specific gravity from

6-2045 to 6-440. § Imperfectly soluble in sulphuric and mu-

* Jasche. t Germar.

X Kir\van, ii. 305. Hoffmann, iv. 1. 271. § Hroitliatipt.
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riatic acids
;
perfectly in nitric acid and aqua regia. Solution chap. n.

wine-yellow. Infusible with alkalies in a crucible : infusible
v
~~v~""''

by the blow-pipe per se. With borax and soda forms a grey

opaque slag ; with microcosmic salt, a green glass. A speci-

men of this ore from Joachimsthal, analyzed by Klaproth, con-

tained

Uranium 86 -5

Sulphuret of lead . . . 6*0

Silica 5*0

Oxide of iron 2*5

100-0*

Sp. 2. Hydrate of Uranium—Uran Mica\— Green Mica—
Chalcolite.

This substance is found in Cornwall, France, at Johann-

georgenstadt, and near Eibenstock and Rlieinbrcidenbach.J

It is sometimes in membranes, but more commonly crystallized.

Its crystals are rectangular four-sided tables, cubes, and octa-

hedrons.

Colour glass-green, passing into emerald-green and into

siskin-green. External lustre shining to splendent; internal

•shining and glistening, pearly. Translucent. Fracture foli-

ated. Soft. Sectile. Easily frangible. Specific gravity 3 3.

§

! Soluble in nitric acid without effervescence. Infusible by
.alkalies.

Its, constituents, according to the analysis of Mr. Gregor,

are as follows

:

Oxide of uranium . . 74'4-

Oxide of copper ... 8*2

Water 15'4-

Loss 2*0

100-0
||

Sp. 3. Uran Ochre**

This species, which occurs along with the other ores of

turanium,tt is divided into two subspecies.

* Beitrage, ii. 221.

t Kirwan, ii. 304. Haiiy, iv. 283. Brochant, ii. 4G2. Hoffmann, iv.

111. 275.

J Gmelin. § Gregor.

|| Annals of Philosophy, v. 284.
•• Kirwan, ii. 303. Brochant, ii. 46G. Hoffmann, iv. 1. 279.

ft Annals of Philosophy, xiii. 464.

2 K 2
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Subsp. 1. Friable.

Colour straw yellow, passing into lemon-yellow, into yel-

lowish-brown and orange-yellow, and sometimes aurora-red.

Usually coats pitch ore. Friable, and composed of dull dusty

particles. Soils feebly. Feels meagre. Light.

Subsp. 2. Indurated.

Colour as the preceding. Massive and disseminated. In-

ternal lustre dull; sometimes glimmering. Fracture small-

grained uneven ; sometimes passes into earthy, sometimes into

small conchoidal. Fragments indeterminate. Opaque. Soft.

Brittle. Soils a very little. Specific gravity 3*15 to 3'24-38.*

ORDER XII. ORES OF CERIUM.

This metal has been found hitherto in the state of a salt

only. Seven species are known, which are silicates or filiates.

These are

1. Silicate of cerium or cerite.

2. Silicate of cerium and iron or allanite.

3. Silicate of yttria, cerium, and iron, or gadolinite.

4. Yttrocerite.

5. Orthite.

6. Fluate of cerium.

7. Subfluate of cerium.

Sp. 1. Cerite.f

This mineral is found in Bastnas near Riddarhytta in \Yest-

mannland. Colour between carmine-red, clove-brown, and

reddish-brown. Massive and disseminated. Internal lustre

scarce glimmering, resinous. Fracture fine splintery. Frag-

ments indeterminate, not remarkably sharp-edged. Opaque.

Streak greyish-white. Powder reddish-grey. Semihard.

Brittle. Specific gravity 4*660. Its constituents, according

to the analysis of Hisinger, are as follows :

* Lametherie and Haiiy.

t Klnproth, Gchlen's Jour. ii. 305. Beitrage, iv. 140. HolTmann, iv.

1. 286.
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Silica 1S-00

Oxide of cerium 68*59

Oxide of iron 2'00

Lime 1*25

Water and carbonic acid 9 60

Loss 0-56

100-00*

Sp. 2. Allanite.f

This mineral was found by Giesecke
-

, in a granite rock in

West Greenland, and was described and analyzed by me about

ten years ago. I have seen a specimen of the same mineral

in the museum at the India-house which had been brought

from Hindostan. Colour brownish-black. Hitherto it has

been found only massive. External lustre dull. Internal

shining and resinous. Fracture small conchoidal. Fragments

indeterminate angular and sharp-edged. Opaque. Streak

greenish-grey. Scratches glass and hornblende. Brittle.

Easily frangible. Specific gravity 3*523 to 4*001. Before the

blow-pipe froths and melts imperfectly into a black scoria.

Its constituents are as follows

:

Silica 35*4

Oxide of cerium . . . 33*9

Oxide of iron 25*4

Lime 9*2

Alumina 41
Moisture 4'0

112*0

Probably it is merely a variety of the following species :

Sp. 3. GadolinUe.X

This mineral was first observed by Captain Arhcnius lodged
in a white felspar in the quarry of Ytterby in Sweden, and
received the name Gadolinite, because Gadolin was the che-
mist who first ascertained its composition. Colour velvet-

black, passing sometimes to brown. Massive. Lustre shining

glassy. Fracture conchoidal. Hard. Scratches quartz.

• Afhandlingar, iii. 283. f Edinburgh Transactions, vi. 385.

t Hmoy, iii. HI. Bruthant, ii. 512. Klaprotb, iii. 52. Hoffmann,
iii. 2. 358.
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l

j Opaque. Brittle. Specific gravity 4*0497.* Gelatinizes

with hot diluted nitric acid. Before the blow-pipe decrepitates,

and assumes a whitish red colour, but does not melt. With
borax it melts into a topaz-yellow glass. Its constituents are

as follows

:

. . . 24-16

. . . 45-93

... 16*69 . . .. 16-90

... 10-26 . . .. 11-34

... 0-60 . . . . 0-60

. . . 1-07

100-OOf 100-OOf

Sp. 4. Yttrocerite.

This mineral occurs at Finbo in Sweden, and has been de-

scribed and analyzed by Berzelius. It is .found in amorphous

masses, varying in size from a thin crust to half a pound in

weight, disseminated through quartz. Its colour is various,

violet, greyish-red, white, grey, often all mixed in the same

specimen. Fracture foliated. Lustre glistening. Opaque.

Scratched by the knife and by quartz. Scratches fluor spar.

Specific gravity 3*447. Before the blow-pipe it loses its colour

and becomes white ; but does not fuse. When mixed with

gypsum it melts readily into a bead. When in fine powder

it dissolves completely in muriatic acid, and the solution has a

yellow colour. Its constituents are

Lime 47*63 to 50*00

Yttria 9*11 to 8*10

Oxide of cerium 18*22 to 16*45

Fluoric acid 25*05 to 25*45

100*01 100*00

Or,

Fluateof lime 65-162 to 68*18

Fluate of yttria 11*612 to 10*60

Filiate of cerium 23*226 to 21*22

100-00 100-00 %

* Hatty. + I3erzolius, Afliamllingar, iv. I Ibid. 151.
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Sp. 5. Orthite.

This mineral occurs in a granite vein at Finbo in Sweden, cbap. cl

and was discovered during the summer of 1816, by Professor
^**^~"

Berzelius and Assessor Gahn. It approaches gadolinite con-

siderably in its appearance, but differs in its fusibility. Its

constituents are

Silica 32-00

Lime 7'84

Alumina 14--80

Protoxide of cerium 19*50

Protoxide of iron 12-44

Protoxide of manganese .... 3*44-

Vttria 3-H
Water , 5'36

98*82 *

A variety occurs at Korervet containing 25 per cent of

charcoal, to which Her/elius has given the name of pyrorthitt,

because it takes fire before the blow-pipe.

Sp. 6. Filiate of cerium.

This mineral has been discovered at Finbo along with the

preceding species. It is crystallized in regular six-sided prisms.

Its constituents are

Protolluate of cerium 90*48

Peilluate of cerium 6b*U<)

98*4-3

Sp. 7. Subjiuate of Cerium.

This mineral occurs along with the preceding. It has a

strong resemblance to porcelain jasper. Its colour is yellow,

and its form gives marks of crystallization. It consists of

fluoric acid combined with twice as much protoxide and per-

oxide of cerium as in the preceding species.

ORDER XIII. ORES OF TANTALUM.

This metal has been hitherto found only in the state of

oxide, constituting two species, which have been distinguished

by the names of tunltdite and yttroturitalitv.

* Annuls ut Tlnlobupliv, \\, 160.
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Sp. 1. Tantalite*—Columbite of Hatchett.

Book in. This mineral occurs in Finland disseminated in granite. It

v^—' has been lately found at Bodenmais, in Germany. It

is not quite certain whence the specimen analyzed by Mr.

Hatchett originated. It has been long known; but, before the

analysis of Ekeberg, was mistaken for an ore of tin. Found in

irregular crystals, which are oblique four-sided prisms. Colour

between bluish-grey and iron-black. Surface smooth and

glimmering. Internal lustre shining, metallic. Streak black-

ish-grey, approaching brown. Fracture large-grained uneven

and imperfect foliated. Rather harder than felspar. Opaque.

Not magnetic. Specific gravity 7*953.f Its constituents ac-

cording to the analyses of Berzelius and Vogel are as fol-

lows:

Protoxide of tantalum . . 83*2 75

Protoxide of iron 7'2 17

Protoxide of manganese .... 7*4 5

Oxide of tin 0-6 1

Loss 1'6 2

loo-OS 100§

Sp. 5. Ytirotantalite.\\

f
This mineral occurs along with gadolinite in the quarry o l

Ytterby. Colour dark iron-grey, yellowish-brown, and dark-

brown. Occurs massive and crystallized in oblique four and

six-sided prisms. Fracture foliated. Lustre glimmering and

metallic. Powder grey. Opaque. Scratches glass. Speci-

fic gravity from 5S95 to 5-S82. Before the blow-pipe with

phosphate of soda the black variety melts into a yellowish-red

transparent glass, the yellow variety into a rose-red opaque

glass, and the dark brown variety into a greenish-grey opaque

glass. The constituents of this mineral according to the ana

lysis of Berzelius arc as follows :

• Hoffmann, iv. 2. 191. t Ekeberg.

X Afhandlingar, iv. 264.

§ Vogel, Schweigger's Jour. xxi. 60. The specimen was from Bodenmais.

Its specific gravity was (v464.

||
Berzelius, At'liandlingar, iv. 207.
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Oxide of tantalum 57 . ,60'12* .. 51'815 c>»P . n.

Tungsticacid 8'25.. I'M* .. 2*592

Yttria 20'25 .. 29*780 .. 38*515

Lime 6*25.. 0-500 .. 3'260

Oxide of iron 3*50.. 1*155 .. 0 -555

Oxide of uranium 0-50.. 6*622 .. 1*111

Loss **25.. 0*775 .. 2*152

100-00* 100*000* 100-000*

ORDER XIV. ORES OF COBALT.

Cobalt ores occur both in primitive, transition, and floetz

mountains. They are not very abundant; and for that rea-

son cobalt is more valuable than many of the other metals

which have been already treated of. They are commonly ac-

companied by nickel, bismuth, or iron. They are most abun-

dant in Germany, Sweden, Norway, and Hungary; they have

been found also in Britain and France, but not in any great

quantity.

Few of the ores of cobalt have been analyzed with precision

;

hence the confusion which still obscures their mineraloirical

arrangement and description. The following table exhibits

what are at present considered as the different species of these

ores, arranged according to their supposed composition:

I. Alloys. 1. Black cobalt ochre.

1. White cobalt ore. 2. Brown cobalt ochre.

2. Glance cobalt. 3. Yellow cobalt ochre.

3. Grey cobalt ore. IV. Salts.

II. Sulphurets. 1. Arseniate of cobalt.

1. Cobalt pyrites. 2. Sulphate.

III. Oxides.
GENUS It ALLOYS.

Sp. 1. White Cobalt Oll| iT*Um Speisskobald of the

Germans.

This is the most common species of cobalt ore.

Colour tin-white, slightly inclining to reddish
; acquires a

greyish tarnish. Commonly massive, or in particular shapes
;

sometimes crystallized in cubes or dodecahedrons. Crystals

usually small ; faces smooth. External lustre splendent; in-

ternal glistening, metallic. Fracture fine grained uneven;

• Bcrzelius, Afhandlingar, iv. 267. The first specimen was black, the
second yellow, the third dark-brown.

+ Hutl'mann, iv. 1. 173.
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Book m. sometimes fibrous and radiated. Fragments indeterminate,
' v— ' rather sharp-edged. Usually unseparated

; sometimes in gra-
nular distinct concretions. Semihard. Brittle. Easily fran-
gible. Specific gravity 6*258 to 6'484.* When struck with
steel emits an arsenical smell.

Its constituents according to the analysis of Lau<ner arc as
follows

:

Arsenic 68*5

Iron 9*7

Cobalt 9-6

Sulphur 7-0

Silica 1-0

Loss 4-2

100-0 f

Sp. 2. Grey Cobalt Ore.%

This ore occurs in various parts of Germany, Cornwall,

France, &c. Colour light steel-grey, inclining to white; but

when exposed to the air, is soon tarnished greyish-black. Mas-
sive, disseminated, tubiform, and specular. Internal lustre

glimmering, metallic. Fracture even ; sometimes passing into

large flat conchoidal, and into fine grained uneven. Frag-

ments indeterminate, pretty sharp-edged. Seldom in lamellar

^distinct concretions. Streak similar. Semihard. Very brit-

tle. Easily frangible. Specific gravity 6'135.§

Its constituents according to the analyses of Laugier and

Stromeyer are as follows :

Arsenic riQ 74*2 17*

Silica 25

Iron 12-5 3*4257

Cobalt -
. l&'l 20-3135

Copper 0-1586

100-2
1|

Sulphur 0'8860

99-0012**

Does the silica in this ore exist in the state of silicon, or in

it a foreign body i

* Breithaupr, + Ann. Hp Chim. lxxxv. 31.

% Hoffmann, iv. 1. 184. § Breitliaupt.

|| Ann. de Chilli lxxxv. 33.

*• Stromeyer, Annals i-t* Philosophy, x. 'i'-'B
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Sp. ?. Glance Cobalt Ore. *

Found in beds in mica-slate, at Tunaberg in Sweden, from
v

ch
^

-

which most of the crystallized specimens are brought ; at Los

and at Modum, in Norway ; and likewise at Giern, in Silesia.

Colour silver-white ; sometimes tarnished grey. Massive, in

various particular forms, and crystallized in cubes and octa-

hedrons. Surface of crystals smooth and splendent. Internal

lustre glistening, metallic. Fracture foliated ; cross fracture

small conchoidal. Fragments indeterminate, blunt-edged.

Sometimes in granular distinct concretions. Semihard. Brit-

tle. Easily frangible. Specific gravity 7 515. f Streak grey.

Its constituents are as follows :

i § II

Cobalt . , . . . . 3G7 . . . . no . . . . 33-1012

. . . 49 0 . • • • Oi) j » . . . 43-4-64

4

. . . 56 . • • •
~~

" • . . . 3-2324

. . . 0*5 . . . 20 0840

. . . 2-J . t • • • . .. 0-1180

ioo-o ioo-o 1000000

GENUS II. SULPHURETS.

Sp. 1. Cobalt Pyrites**

This mineral occurs at New Bastnas or St. Gorans mine at

Uicklarliyttan, in Sweden, in a bed of gneiss, where it ac-

companies actinolite and copper pyrites. It had been re-

peatedly mentioned by Swedish mineralogicaJ writers, though
it was not admitted into modern systems of mineralogy.

Colour light steel-grey. Massive and crystallized, but so

confusedly that the figure of the crystals cannot be determined.

Lustre shining and metallic. Fracture granular uneven.

Semihard. Not attracted by the magnet. Before the blow-
pipe emits a sulphureous smell and melts into a grey bead,

which when pulverized is attracted by the magnet. Colours
glass and borax smalt-blue. Its constituents arc as follows :

• Hoffmann, iv. 1. 186. f Breithaupt.

X Tassaert, Ann. de Cliim. xxviii. 100.

§ Klaprntli, lk'itra^e, ii. 307.

||
Stromeyer, Annals of Philosophy, x. *220.

** Hi singer, At'liaiidlingar, iii. 316.
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Boo><n». Cobalt 43-20

Copper 14-40

Iron 3-53

Sulphur 38-50

Stony matter 0-33

Loss 0*04?

100-00 *

It may probably be considered as a variety of white cobalt

ore.

GENUS III. OXIDES.

Sp. 1. Black Cobalt Ore.f

This ore, which occurs in different parts of Germany, is

either in the form of a powder or indurated. Hence it is

divided into two subspecies.

Subsp. 1. Earthy.

Colour bluish-black; sometimes brownish-black. Com-
posed of dull dusty particles, which soil very little; some-

times loose. Lustre of streak shining. Feels meagre. Light,

almost swimming. Before the blow-pipe gives a white smoke,

which has an arsenical smell, and colours borax blue.

Subsp. 2. Indurated.

Colour usually bluish-black. Massive, disseminated, and

as a coating. External lustre scarce glimmering; internal

dull. Fracture fine earthy. Fragments indeterminate, blunt-

edged. Lustre of streak shining, resinous. Very soft.

Rather scctile. Very easily frangible. Specific gravity 2-2004"

Considered as pure oxide of cobalt, but has not been

analyzed,

Sp. 2. Brown Cobalt Ochre. §

This ore seems peculiar to the flo'etz mountains. It is

found in Saxony and Spain. Colour liver-brown; sometimes

passing into yellowish-brown, and into black. Massive and

disseminated. Lustre dull. Fracture fine earthy. Fragments

indeterminate, blunt-edged. Streak similar, but shining.

Very soft, Sectilc. Easily frangible. Light.

Hisinger, Afhandlingar, iii. 31G.

t Kirwan, ii. 275. lirochant, ii. 396. Haiiy, iv. 214. Hoffmann, iv.

1. 102.

I Brcitliaupt. § Hoffmann, iv. 1. 197.
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Sp, 3. Yellow Cobalt Ochre*

This ore occurs in the same situation as the preceding, o,ap. it.

but is rarer. Colour dirty straw-yellow ; sometimes passing
v

v

into yellowish-grey. Massive. Internal lustre dull. Frac-

ture fine earthy. Fragments indeterminate, blunt-edged.

Streak shining. Soft, passing into friable. Scctile. Easily

frangible. Light.

GENUS IV. SALTS.

Sp. 1 . Arscniate of Cobalt f

—

Red Cobalt Ochre.

This species, which accompanies several of the other ores

of cobalt, has been divided into two subspecies.

Subsp. 1. Cobalt Crust—Earthy Red Cobalt Ochre.

Colour peach blossom-red. Seldom massive; often in vel-

vety coatings. Lustre glimmering or dull. Fracture fine

earthy. Fragments indeterminate, blunt-edged. Scarcely

soils. Streak shining. Very soft. Light.

Subsp. 2. Cobalt Bloom—Radiated Red Cobalt Ochre.

Colour peach blossom-red; often cochineal and crimson-

red, pearl-grey, greenish-grey. Massive, disseminated, reni-

fonn, and crystallized in short needles, acute double six-sided

pyramids, rectangular four-sided prisms. External lustre

shining; internal glistening, pearly. Fracture radiated.

Fragments splintery and wedge-shaped ; sometimes in thin

columnar distinct concretions, collected into coarse granular

distinct concretions. Translucent. Streak similar. Soft.

Not particularly brittle. Rather sectile. Easily frangible.

Light.

Before the blow-pipe becomes grey, and emits a garlic smell,

but without smoke. Tinges borax blue.

Its constituents, according to the analysis of Bucholz, arc

s follows

:

Arsenic acid 37\9

Oxide of cobalt 392
Water 22* 9

100-0 %

• Hoffmann, iv. 1. 199.

+ Klaproth, ii. 278. Brochant, ii. 403. Haiiy, iv. 21G. Hoffmann, iv.

1. 201.

J Gehlcn's Journal, Second Scries, iv.'JM.

6
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Sp. 2. Sulphate of Cobalt*

Book nr. This mineral has been found at Bieber near Hanau in Gcr-
v ' many. For its description and analysis we are indebted to

Kopp. Its colour is light flesh-red passing into rose-red. Its

form is stalactitical. External lustre dull; sometimes though
rarely it has a silky lustre. Fracture earthy. In granular

distinct concretions. Opaque. Streak reddish white. Soft.

Brittle. Easily frangible. Light. Has a styptic taste and is

soluble in water. Its cpnstituents are as follows

:

Sulphuric acid 19*74

Oxide of cobalt 38-71

Water 41-55

100-00

It is obviously a compound of

Sulphuric acid 1 atom

Oxide of cobalt 2 atoms

Water 9 atoms

ORDER XV. ORES OF NICKEL.

Hitherto the ores of nickel have been found only in a small

quantity, and always in veins. They occur both in primitive

and flo'etz mountains, and are usually accompanied by cobalt.

Hitherto only 5 species of nickel ores have been recognised

by mineralogists.

GENUS I. ALLOYS.

Sp. 1. Native Nickel.f

This mineral has been hitherto found only in the mine

named Adolphus at Johanngeorgenstadt in Saxony, and at

Joachimsthal in Bohemia. Colour bronze-yellow; but fre-

quently tarnished various shades of grey. In capillary crystals

which are either promiscuous or scopiformly aggregated. Ex-

ternall}' shining or splendent, unless where tarnished. Inter-

nally splendent and metallic. Cross fracture even, passing into

very flat conchoidal. Opaque. Semihard, passing into soft.

Intermediate between brittle and scctile. Very easily frangi-

ble. More or less elastic flexible.

It consists of nickel alloyed with a little cobalt and arsenic.

t

* Kopp, Gehlen's Jour. Second Scries, vi. 157.

f Hoffmann, iv. 1. 168.

\ Klnprotli, Ann. (le Chim. lxv. 186.
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Sp. 2. Arscn'i'iretted Nickel.—Copper Nickel.*

This, which is the most common ore of nickel, occurs chap. u.

either massive or disseminated, but never crystallized.

Colour copper-red. Internal lustre shining metallic. Frac-

ture imperfect conchoidal; sometimes passing into coarse and

small grained uneven. Fragments indeterminate, sharp-edged.

Semihard. Brittle. Rather tough. Specific gravity 7'545

to 7'587-t Before the blow-pipe exhales an arsenical smoke,

and melts into a bead; which darkens by exposure to the air.

This ore, when pure, is merely an alloy of nickel and arsenic;

but it frequently contains cobalt and iron, etc.

The following table exhibits the result of the analyses

hitherto made to determine its composition.

Nickel 48-90 3991.

Arsenic 46*42 48'80

Iron 0-34 Trace
Sulphur 0-80 2-00

Antimony — 8'00

Lead 0*5G —
Cobalt — O'lG

Loss 2'98 1-10

100 00 X 1 00O0 §

Sp. 3. (il(incenii kel.\\

This ore occurs at Hclsingland, in Sweden, and was first

noticed by Cronstetlt.** But for the first accurate description

ami analysis of it we arc indebted to Professor Pfaflf.

Its colour when fresh broken is light lead grey, approaching
to tin white; but it soon changes to that of steel; and in spots

the colour of copper nickel appears on it. It is sometimes
covered with apple-green or black ochre. Massive. When
fresh broken it is shining, metallic. Fracture foliated. Com-
posed of small granular distinct concretions, which give it the

• Kirwan, ii. 286. Hrocliant, ii. 408. I Iaiiy, iii. 503. Hoffmann, iv.

1. 164.

t tlreithaupt.

I Pfaff, Schweigger's Jour. xxii. 256. The specimen was from Riegelsdorf.

§ Berthier, Ann. tie Chim. et de Pbys. xiii. 52. The specimen was from
Allemont. It obviously contained ^th of its weight of sulphuret of anti-
mony.

||
Pfaff, Schweigger's Jour. xxii. 260.

*• See Cronstedt's Mineralogy, by Magellan, ii. 342.

7
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Book nr. aspect of steel-grained lead ore. Fragments indeterminate,
v blunt-edged. Opaque. Streak similar. Semihard. Very

brittle. Very easily frangible. Specific gravity 6' 129.* Its

constituents, according to PfafF's and Dobereiner's analyses

are as follows

:

Nickel 24*42 27
Arsenic 45*90 48

Iron 10-46 11

Sulphur 12-36 14

93'14f 100$

It is obvious that this ore is a mixture or chemical com-

pound of arseniuret of nickel with iron pyrites

The Hungarian mineral to which Lampadius has given the

name of Wodan pyrites seems to be merely a variety of glance-

nickel. Its constituents, according to the analysis of Stro-

meyer, are as follows :

Nickel 16-2390

Cobalt with some manganese .... 4*2557

Iron 11*1238

Copper 0-7375

Lead 0*5267

Antimony Trace

Arsenic 56*2015

Sulphur 10*7137

99*7979 §

GENUS II. OXIDES.

Sp. 1. Nickel Ochre.\\

This mineral occurs almost always as a thin coating. Sel-

dom massive.

Colour apple-green. Composed of dull dusty particles,

which scarcely soil. Loose. Feels meagre. Specific gravity

inconsiderable. Stains. Slowly dissolves in acids: solution

* Pfaff.

f Pfaff, Schwciggor's Jour. xxii. 269.

X Dobereiner, ibid. xxvi. 270. The specimen was from Kammsdorf in

Saalfield. The nickel was not. free from cobalt.

§ Gilbert's Annalen, lxiv. 340.

||
Kir-van, ii. 284. Brochant, ii. 411. Haiiy, iii. 516. Hoffmann, iv.

1. 171.



ORES.

green. Before the blow-pipe does not melt ; but gives a hya- chap. ir.

cinth-red tino-e to borax, and is reduced. Insoluble in nitric•o-

acid.

According to the analysis of Lampadius, it is composed of

Oxide of nickel 67*0

Oxide of iron 23*2

Water 1*5

Loss S3

100-0*

GENUS III. SALTS.

Sp. 1 . Arseniate of Nickel.f

This salt has been observed at Allemont in Dauphine, and

always adhering to arseniurct of nickel. Sometimes it is com-

pact, and of a fine apple-green colour, sometimes friable and

of a greenish-white colour. Its composition, according to the

analysis of Berthicr and Dobereiner, is as follows:

Protoxide of nickel .... 36*2

Protoxide of cobalt .... 2 5 .... 75 Arseniate of Nickel.

Arsenic acid 36*8

Water 2V5 25 Water.

Clay Trace.

100-0J 100§

It is obvious that tin* salt i- a subtritarsi-niate of nickel.

ORDER XVI. ORES OF MOLYBDENUM.

GENUS I. SULPHURETS.

Sp. I. Common Sulphitret ||

—

Molybdena—IVasserblei.

This ore, which is the only species of molybdenum ore at

present known, is found commonly massive; sometimes, how-
ever, it is crystallized in hexahedral tables and prisms. Its

primitive form, according to Haiiy, is a rhomboidal prism

with angles of 60° and 1 20°.

« Handbucli, p. 297.

T Berthier, Ann de Chirn. et de Phys. xiii. 56. Dobereiner, Schweigger'*

Jour. xxvi. 270.

I Berthier. "
§ Dobereiner.

||
Kirwan, ii. 322. Scbeele's Works, i. 236, French Translation. Pel-

letier, Jour, de Phys. xxtu. 434. Ilsemann, ibid, xxxiii. 292. Sage, ibid.

389. Klaproth and Modeer, Ann. de Chim. iii. 120. Brochaut, ii. 432.

Haiiy, iv. 289. Hoffmann, iv. 1. 231.

vol. III. 2 L
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Colour light lead-grey. Streak similar. Lustre splendent,

metallic. Fracture perfect foliated. Lamellae slightly flexible.

Occurs in large and coarse granular distinct concretions. Soft.

Easily frangible. Splits easily. Sectile. Specific gravity

4*569* to 4*7385.f Feels greasy ; stains the fingers. Marks
bluish-black. A piece of resin rubbed with this mineral

becomes positively electric.;]; Insoluble in sulphuric and mu-
riatic acids ; but in a boiling heat colours them green. Effer-

vesces with warm nitric acid, leaving a grey oxide undissolved.

Before the blow-pipe, on a silver spoon, emits a white smoke,

which condenses into a white powder, which becomes blue in

the internal, and loses its colour in the external flame.

Scarcely affected by borax or microcosmic salt. Effervesces

with soda, and gives it a reddish-pearl colour.

Composed of about 60 molybdenum
40 sulphur

100§

ORDER XVII. ORES OF TIN.

Tin ores are by no means numerous ; but where they d«

occur they are usually abundant. In Europe only three tin

districts are known : the first is in Germany, between Saxony

and Bohemia : the second in Spain, in that part of Gallicia

which borders on Portugal; and the third in Cornwall. In

Asia, it abounds in Siam and the island of Banka : it is said

likewise to have been discovered in Chili. The ores are con-

fined to the primitive mountains, or they occur in alluvial

land, and have obviously been washed from primitive moun-
tains. Few metals exhibit a smaller variety of states ; since it

has hitherto been found only in three, as may be seen from

the following table

:

I. SULVHURETS.

1. Sulphurct of tin and copper.

II. Oxides.

1. Tin-stone.

2. Wood-tin.

* Karsten. t Brisson.

X Haiiy, Jour, de Min. xix. 70.

f, Klaproth. Tins result agrees exactly with the analysis of this ore by

Bucholz. See Gehlen's Jour. iv. 603.
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GENUS I. SULPHUKETS.

Sp. I. Tin Pyrites.*

Hitherto this ore has only been found in Cornwall. There chap. u.

is a vein of it in that county, in the parish of St. Agnes, nine

feet wide and twenty yards beneath the surface.*!*

Colour between steel-grey and brass-yellow. Massive and

disseminated. Internal lustre shining, metallic. Fracture

usually uneven; sometimes conchoidal and imperfect foliated.

Fragments blunt-edged. Easily frangible. Yields easily to

the knife. Brittle. Specific gravity 4*350.+ Before the

blow-pipe it melts easily, with a sulphureous smell, into a black

bead, and deposits a bluish oxide on the charcoal. The com-

position of this ore, as Klaproth informs us, was first discover-

ed by Mr. Ilaspe. According to Klaproth's analysis, it is

composed of

Tin 265
Copper 30

Sulphur 30-5

Iron 12

Loss 1

I00-0§

GENUS II. OXIDES.

Sp. 1. Tin-stoiw.
||

This ore, which may be considered as almost the only ore

of tin, occurs in masses, in rounded pieces, and crystallized.

These crystals are very irregular. Ha'uy supposes that their

primitive form is a cube;** but Rome de Lisle, with more
probability, makes it an octahedron ;ff and in>this opinion

Mr. Day agrees with him.JI The octahedron is composed of

two four-sided pyramids applied base to base. The sides of the

pyramids are isosceles triangles; the angle at the vertex of

which is 70 \ and each of the other angles 55°. The sides of

the two pyramids are inclined to each other at an angle of

90°.§§ This primitive form, however, never occurs; but crys-

Kirwan, ii. 200. Brochant, ii. 332. Haiiy, iv. 154. Hoffmann, iv. 1.

51. Ann. de Chim. liii. 266.

+ Klaproth's Cornwall, p. 21. J Klaproth. § Beitrage, v. 230.

11
Kirwan, ii. 197. Brochant, ii. 354. Haiiy, iv. 137. Hoffmann, iv.

1. 56.

•• Jour, de Min. xxxii. 576. ft Crystallog. iii. 413.

1 1 Phil. Mag. iv. 152. §§ Rome de Lisle, Phil. Mag. iv. 152.

2 L 2
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Book in. tals of tin-stone are sometimes found, in which the two pyra-

mids are separated by a prism. For a complete description

of the varieties of the crystals of tin-stone, the reader may
consult Rome de Lisle, Mr. Day,* and above all Mr.
Phillips.f

Colour blackish-brown; sometimes passing into velvet-

black and reddish-brown, yellowish-grey, green, yellowish and
greenish-white. Streak greyish-white. Internal lustre shin-

ing, between resinous and adamantine. Fracture uneven, in-

clining to imperfect conchoidal. Very seldom foliated. Frag-

ments blunt-edged ; often in granular distinct concretions.

Translucent and also opaque. Hard. Easily frangible.

Brittle. Specific gravity 6'76 to 6*974 Before the blow-

pipe it decrepitates, and on charcoal is partly reduced. Tinges

borax white.

Sp. 2. Wood Tin.§

This mineral has hitherto been found only in Cornwall and

in Mexico. It occurs always in fragments, which are gene-

rally rounded. Colour hair-brown; passing into wood-brown,

yellowish-grey, and reddish-brown. Streak yellowish-brown.

Internal lustre shining, resinous. Opaque. Fracture fibrous.

Fragments wedge-shaped and splintery. In granular distinct

concretions. Specific gravity 6'450.|| Hard. Before the

blow-pipe becomes brownish-red ;
decrepitates when red-hot,

but is not reduced. Dr. Clarke fused it by means of the oxy-

gen and hydrogen blow-pipe. It then acquires a decided me-

tallic lustre; but is not reduced.

The following table exhibits the constituents of the pre-

ceding species, according to the result of the most accurate

analyses hitherto made

:

* Rome de Lisle, Phil. Mag. iv. 152.

f Geological Transactions, vol. i. t Klaproth.

k Kirvvan, ii. 198. Brochant, ii. 340. Haiiy, iv. 147. Hoffmann, ir.

1. 53.

||
Klaproth.
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Tin-stone.
Wood-
tin.

# * t
+
+ § II

99

0 ZD

0-75

99*5

0 o

84

9

7

95

5

93-6

2-4

V4
0-8

91

9—
Oxide of tantalum

Oxide of manganese .

.

Silica

1-8

100-00 loo-o 100 100 100-0 100

ORnEIt XVIII. ORKS OF TITANIUM.

Hitherto titanium has been found almost exclusively in the

primitive mountains, the Carpacks,** the Alps, |-|- and the

Pyrenees,^: m Brittany, §£ «nd in Cornwall ; or in alluvial

sand. The following are the ores of this metal hitherto

observed :

Oxides.

1. Pure.

a. ltutile.

h. Anatase.

2. Oxides of titanium and
iron.

GENUS I.

a. Menachanite.

ft. Iserinc.

c. Nigi ine.

II. Sams.

1. Silicate or Sphenc.

OXIDES.

Sp. 1 RutUe\\\\—Red Schorl— Titunite of Kirwan—Sagenile
of Saussure

—

Xadcttint

.

This ore has been found in Hungary, the Pyrenees, the
Alps, in Brittany, in France, and in Scotland. It'is generally
crystallized. The primitive form of its crystals, according to

* Klaprorti, Bcitrage, ii. 25G. f Lampadius, Ilandbuch, p. 280.
X Collet Descotils, Ann. tie Chim. liii. 268.
I, Berztlius, AfhaiidlinuMr, iv. 1(31. The specimen occurs in grains in

the rock at Finbo. Its colour is black and its specific gravity 6 55. The
tantalites in that district contain tin, and the grains of tin-stone contain
tantalum.

|| Vauquelin, Gehlen's Jour. v. 251.
Jour, de Min. No. xii. 51.

ft Dolomieu, ibid. No. xlii. 431;and Saussure, Voyages, No. 18P4.
It Jour, de Min. No. xxxii. 614. ^ Ibid.

HII Brochant, ii. 470. Haiiy.iv. 29. Kirwan, ii. 329. Hoffmann St
1. 252.

'
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Book in. the observations of Haiiy, is a rectangular prism, whose base
* is a square; and the form of its molecules is a triangular

prism, whose base is a right-angled isosceles triangle ; and the

height is to any of the sides of the base about the right angle

as \/l2 to V5, or nearly as 3:2.* Sometimes the crystals

are six-sided, and sometimes four-sided prisms, and often they

are implicated together. Sometimes acicular.

Colour dark blood-red, passing into light hyacinth and
brownish-red. Crystals longitudinally streaked. External

lustre shining; of principal fracture splendent; of cross frac-

ture shining, adamantine. Principal fracture foliated ; cross

fracture imperfect small conchoidal. Fragments cubical.

Translucent. Sometimes shows slender columnar distinct

concretions. Hard. Brittle. Streak pale-yellow or orange-

yellow. Easily frangible. Specific gravity from 4'18f to

4?'2499. J Not affected by the mineral acids. When fused

with carbonate of potash, and diluted with water, a white

powder precipitates, heavier than the one employed. Before

the blow-pipe it does not melt, but becomes opaque and

brown. With microcosmic salt it forms a globule of glass,

which appears black ; but its fragments are violet. With
borax it forms a deep yellow glass with a tint of brown

;

with soda it divides and mixes, but does not form a trans-

parent glass.

According to Klaproth it is pure oxide of titanium. § Vau-

quelin found in it traces of iron, manganese, and silica.
||

Sp. 2. Anaiase **

—

Octahedrite.

This mineral has been hitherto found only in Dauphiny,

at St. Gothard, and in Norway. It is always crystallized.

The primitive form is an elongated octahedron, whose base is

a square: the inclination of the two pyramids is 137°. The
summits are sometimes complete and sometimes truncated.

Colour from indigo-blue passes to reddish and yellowish-

brown. Faces of the crystals transversely striated. Lustre

splendent, adamantine. Fracture foliated. Translucent.

Scratches glass. Brittle, easily broken. Specific gravity

3*8571.ft
By the analysis of Vauquclin it is pure oxide of titanium.

The d liferent crystalline figures of these two species, and the

* Jnur. (!e Min. No. xv. 28, and xxxii. 615. + Klaproth.

t Vauquelin and Ileclit. <j Beitrage, i. 233, and ii. 222.

||
Jour, dc Vhys. lxvi. 345.

** Haiiy, iii. 129. Brochant, ii. 548. HolTmann, iv. 1. 249. tt Haiiy.
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other differences in their external characters, have not yet been chap

accounted for by mineralogists. Probably they constitute two

different oxides of titanium.

Sp. 3. Menachanite.*

This substance was found in the valley of Menachan in

Cornwall; and hence was called nuMK hanite by Mr. Gregor,

the discoverer of it. It has been since observed in the Island -

Providence, in Botany Bay, and in the Mica-slate mountains

near Genoa,f It is in small grains like gun-powder, of no

determinate shape, and mixed with a fine grey sand.

Colour greyish-black. Easily pulverised. Powder at-

tracted by the magnet. Surface rough and glimmering. In-

ternal lustre shining, adamantine
;
passing into semimetallic.

Fracture imperfect foliated. Fragments indeterminate, sharp-

edged. Opaque. Soft. Brittle. Streak similar. Specific

gravity 4*427. With two parts of fixed alkali it melts into

an olive-coloured mass, from which nitric acid precipitates a

white powder. The mineral acids only extract from it a lit-

tle iron. Diluted sulphuric acid mixed with the powder in

such a proportion that the mass is not too liquid, and then

evaporated to dryness, produces a blue-coloured mass. Be-

fore the blow-pipe does not decrepitate nor melt. It tinges mi-

crocosmic salt green : but the colour becomes brown on cool-

ing; yet microcosinic salt docs not dissolve it. Soluble in borax,

ami alters its nature in the same manner. Its constituents

are as follows

:

Mrnnchanile.

x ^ ii

**

Oxide of titanium . . 45 . . 45*25 . . 43*5 . . 40 Comu-

Oxidc of iron l(j

Oxide of manganese —
Silica —
Alumina —
Loss [)

100

• Kirwan, ii. 326. Gregor, Jour. de Phys. xxxix. 72 and 152. Schmeis-

ser, Crell's Annals, Eng.Traus. iii. 252. Brocliant, ii. 468. Hoffmann, iv.

1. 247.

f Viviani, Nicholson's Jour. xxvi. 94.

t Gregor, Jour, tie Phys. xxxix. 73 and 152. Under the loss a little

tilica and manganese are included.

$ Klaproth, Beitrage, ii. 231.
||

Lampatii.js, liandbuch, pj 322.
•• Chenevix, Nicholson's Quarto Jour. v. 132.

51 . . 50 4 . . 49 tneaU-

0 25 . . 0*9 .. —
3 50 . . 3 3 . . 11

— .. 1-4 .. —
— . . 0*5 .. —

100-00 100 0 100
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Sp. 4. Iseri?ie.*

Bookin. This mineral has been found in the sand of a small river in

Bohemia called her, and in the sand of the Don in Aberdeen-

shire. Likewise in Cheshire, on the banks of the Mersey.

It is in the state of small angular grains and rolled pieces.

Colour iron-black, bordering on brown. Internal lustre

glistening, semimetallic. Fracture conchoidal. Opaque.
Hard. Brittle. Streak similar. Specific gravity 4*650.

f

Its constituents are as follows :

X §

Oxide of titanium 41] .... 28

Oxide of iron 39' 4 72

Silica 16*8 .... —
Alumina 3*2 .... —
Uranium oxide 3*4 .... —

Constitu-

ents.

103-9 100

Sp. 5. Nigrine.

This species, like menachanite, is found in the alluvial

formation. It occurs in Transylvania, Siberia, Ceylon, &c.

Colour dark brownish-black, passing into velvet-black.

In larger and smaller angular grains and rolled pieces.

Lustre shining, adamantine. Principal fracture imperfect

straight foliated ; cross fracture flat imperfect conchoidal.

Fragments indeterminate, sharp-edged. Opaque. Semihard.

Brittle. Streak yellowish-brown. Specific gravity 4 -445 to

4*673.
||

Not attracted by the magnet. Infusible before the

blow- pipe. With borax melts into a hyacinth-red bead.

Its constituents are as follows :

#* +t n
Oxide of titanium 84 . . 53 . . 63

Oxide of iron 14 .. 47 .. 35

Oxide of manganese ... 2 . .
— . . 2

100 100 100

• Brochant, ii. 478. Hoffmann, iv. 1. 258. + Klaprotli.

J By my analysis, Trans. Edin. vi. 2G0. The specimen was from the

river Don, Aberdeenshire, and was not quite free from quartz and felspar,

and probably contained nlso a portion of iron-sand. For it was originally

mixed with iron-sand, which was separated by the magnet.

§ Klaprotli, Beitrage, v. 208. ||
Klaproth and Lowitz.

•* Klaproth, Beitrage, i. 233, and ii. 222.

•ft Lowitz, Crell's Annals, 1790, i. 183.

Vauquelin and Ilecht, Jour, de Min. No. xix. 5T.
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GENUS II. SALTS.

Sp. 1. Silicate—Sphene—Sphene Ore*—Titanite—Rutilite— chap. u.

Brown Ore.

This ore lias hitherto been found only near Passau in

Bavaria, and at Arendal in Norway, and near St. Gothard.

It was discovered by Professor Hunger. It is sometimes dis-

seminated, but more commonly crystallized in four-sided

prisms, not longer than one-fourth of an inch. Primitive

form a rhomboidal prism.

Colour reddish, yellowish, or blackixh-brown. Streak and
powder grey. Lustre of crystals shining, of cross fracture

glimmering, of longitudinal fracture glistening. Fraeture

scopi-form radiated; sometimes straight foliated. Cross

fracture flat conchoidal. Fragments indeterminate; some-

times inclining to rhomboidal. Usually in coarse and
longish granular distinct concretions. Translucent on the

edges, or opaque. I lard. Brittle. Easily frangible. Spe-

cific gravity, when brown, 3510, f when yellow 3*708, J of

sphene 3+f)0. § Muriatic acid, by repeated digestion,

dissolves one-third of it. Ammonia precipitates from this

solution a clammy yellowish substance. Infusible by the

blow-pipe, and also in a clay crucible; but in charcoal is

converted into a black opaque porous slag. Its constituents

are as follows :

II

••
ft

Oxide of titanium . • • • 33 . . 58 . . 4-6

22 . . 36

. . 20 .. 16

Water
. . 1

. . 1

101 100 100

CoD«tl-

tuentj.

ORDER XIX. ORES OF ZINC.

Though the ores of zinc are very few in number, they are

by no means scarce. Blende, the most abundant of them,

• Kirwan, u. 981. Rrochant, ii. 474. Haiiy, iv. 307. Hoffmann, iv.

1. 260, 203, and 205.

t Klaproth. f Haussman. § Klaproth.

||
Klaproth, Beitrage, i. 251. The specimen analyzed was the brown

variety.

Abelgaard, Haiiy, iv. 308.

ft Klaproth, Beitrage, v. 244. The specimen was a sphene.
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Book m. occurs most frequently in transition rocks, though sometimes
*~mv~^ also it is found in primitive and flo'etz rocks, and is almost

always accompanied by Galena. Calamine, the other princi-

pal ore of zinc, seems to be nearly confined to flo'etz rocks

;

and it occurs most frequently in beds in a particular lime-

stone.

The following table exhibits the different states in which

this metal has hitherto occurred :

I. SULPHURETS.

1. Blende.

II. Oxides.

1. Red zinc-ore.

III. Salts.

GENUS I. SULPHURETS.

Sp. 1. Blende*—Black Jack.

This ore is common. It occurs both in amorphous masses

and crystallized. The primitive form of its crystals is the

rhomboidal dodecahedron. The figure of its integrant par-

ticles is the tetrahedron.'f-

The principal varieties of its crystals are the tetrahedron

;

the octahedron; the octahedron with its edges wanting; a

24-sided crystal, 12 of whose faces are trapezoids, and 12

elongated triangles; and, lastly, a 28-sided figure, which

isthe last variety, augmented by four equilateral triangles.

J

It is divided into three subspecies, which characterize different

formations. The yellow is the oldest, the black newest, and

the brown intermediate.

Subsp. 1. Yellow Blende.

Colour dark wax-yellow and sulphur-yellow, passing into

asparagus and olive-green, and into hyacinth, aurora, and

brownish-red. All the colours incline somewhat to green.

Massive and crystallized in four-sided prisms. Surface

smooth. Lustre shining, adamantine. Fracture straight

foliated, cleavage sixfold; cross fracture conchoidal. Frag-

ments dodecahedral; but seldom perfect. In granular dis-

tinct concretions. Translucent, Refraction single. Streak

yellowish grey. Semihard. Brittle. Very easily frangible.

* Kirwan, ii. 238. Bergman, ii. 429. Brochant, ii. 350. Haiiy, iv. 16T.

f Haiiy, Jour, de Min. No. xxxiii. 669.

% See Haiiy, ibid, and Rom6 de Lisle, iii. 65.

1. Silicate.

2. Anhydrous carbonate.

3. Hydrous carbonate.

4. Sulphate.
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Specific gravity 4*044 * to 4*059.f Often phosphoresces chap. ir.

when scraped or rubbed. £

Subsp. 2. Br< u n Blende.

Of this there are two varieties ; the foliated and the radiated.

Foliated. Colour reddish and yellowish-brown ;
passes into

hyacinth-red, and into blackish-brown. Massive; and crystal-

lized in tetrahedrons, octahedrons, rhomboidal dodecahedrons,

and octahedrons with an intermediate four-sided prism.

External lustre shining; internal from splendent to glimmer-

ing, between resinous and adamantine. Fracture foliated

;

cleavage sixfold. In granular distinct concretions. Trans-

lucent. Streak yellowish -grey and yellowish-brown. Semi-

hard. Brittle. Easily frangible. Specific gravity from

3*870 § to 4-049.11

Radiated. Hitherto found only at Przibram in Bohemia,

and Kapnick in Tran>\ lvania. Colour reddish-brown. Mas-
sive and rcniform. Lustre splendent, pearly. Fracture

fibrous. In granular distinct concretions, intersected by

curved lamellar distinct concretions. Opaque. Specific

gravity from 3*891 to 4*026.**

This variety is remarkable, because it contains cadmium as

a constituent. Dr. Clarke has remarked the great tendency

which the salts of cadmium have to crystallize, ami has been

led to suspect that all the fibrous ores of zinc owe their

fibrous structure to the presence of cadmium. This sagacious

conjecture led him to examine various English ores of zinc,

in all of which he found that metal, f-f

Subsp. 3. Black Blende.

Colour between greyish and velvet-black, sometimes
brownuh-black

| when held between the eye and the light,

appears blood-red if transparent. Ma»ive and crystallized.

Internal lustre shining, adamantine. Fracture foliated; clea-

vage sixfold, but very indistinct. Fragments indeterminate,

pretty sharp-edged. In granular distinct concretions. Mostly
opaque. Streak between yellowish-grey and light yellowish-

brown. Semihard. Brittle. Easily frangible. Specific

gravity 3*967 %t to 4'108.

* Gellert. + Kirwan. f Bergman. § Gellert.

II
'1 he specimen with this last specific gravity was from Huel Anne, in

Cornwall. It was it that I analyzed.

• Breithaupt. + + Annals of Philosophy, xv. 372.

it Gellert. §§ Breithaupt
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Book nr. Blonde is essentially a sulphuret of zinc. The yellow sub-
v species I conceive to be pure ; the brown and black subspecies

contain more or less oxide of iron. I analyzed a specimen
of brown blende, from Cornwall, with great care. The
following table exhibits the result

:

Zinc 59*09

Sulphur 28*S6

Iron , 12-05

J oo-oo*

GENUS II. OXIDES.

Sp. 1 . Red Zinc Ore.

This mineral occurs in abundance in some of the iron mines

in Sussex county, New Jersey. It was first discovered and

described by Dr. Bruce. Colours blood-red, and aurora-red.

Massive and disseminated. Fresh fracture shining : but be-

comes dull by exposure to the air. Principal fracture foliated,

cross fracture conchoidal. Translucent on the edges or

opaque. Easily scratched by the knife. Brittle. Streak

brownish-yellow. Specific gravity 6*220. Soluble in mineral

acids. Does not fuse before the blow-pipe. Its constituents,

according to Dr. Bruce, are:

Zinc 76

Oxygen 16

Oxides of manganese and iron . . 8

100

GENUS III. SALTS.

Sp. 1. Silicate—Electric Calamine.

This species, first properly distinguished by Mr. Smithson,

occurs in different British mines along with ores of lead.

Colour bluish, greyish, and yellowish-white. Massive, and

crystallized. The primitive form of its crystals appears, from

the mechanical division of one of them by Mr. Hauy, to be

an octahedron composed of two four-sided pyramids, whose

sides are equilateral triangles.f But the crystals are minute,

and their figure not very distinct. They are either four or

six-sided tables with bevelled edges, six-sided prisms, or three-

* Annals of Philosophy, iv. 94.

+ Jour, dc Win. No. xxxii. 596.
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sided pyramids. Colour usually greyish-white. Fracture <*y

radiated or foliated. Lustre vitreous. Specific gravity 3 ,434.

Before the blow-pipe decrepitates and shines with a green

light. Gelatinizes in acids. Becomes electric when heated.

A specimen of this mineral, from Ilegbania in Hungary,

yielded Mr. Smithson

Oxide of zinc . . 68*3

Silica 25-0

Water

97'7

Another specimen, analyzed by Klaproth, contained

Oxide of zinc .... 66

Silica 33

99

From Mr. Smithson's analysis it appears to be a compound

of 1 atom silica and 1 atom oxide of zinc.

Dr. Clarke found about half percent, of oxide of cadmium

in the Derbyshire silicate of zinc.

Sp. 2. Anhydrous Carbonate—Calamine.

Bergman first announced that many calamines are car-

bonates of zinc. The experiments of that chemist and of

Dr. Watson * demonstrate, that most of the calamines of this

country are in that state; and this has been confirmed by the

late experiments of Mr. Smithson.

The carbonate of zinc occurs both massive and in crystals

;

but their form has not yet been ascertained with precision,

though they seem to be rhomboids. Colour brownish or

yellowish white. Internal lustre shining, pearly. Fracture

foliated or radiated. Semitransparcnt and opaque. Easily

scratched by the knife. Specific gravity, as determined by
Smithson, 4'334-. Soluble in sulphuric acid with effervescence.

Does not gelatinize with acids. Mr. Smithson found a speci-

men from Somersetshire of a mamellated form, composed of

Oxide of zinc .... 64*8

Carbonic acid .... 35*2

100-0

• Chemical Essays, iv. 10.
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Book un And a specimen in small crystals from Derbyshire contained

Oxide of zinc .... 65'2

Carbonic acid .... 34 -8

100-0

I examined a specimen of this ore from Derbyshire, studded
with red spots, and obtained from it about half a per cent, of
oxide of cadmium.

Sp. 3. Hydrous Carbonate—Earthy Calamine.

This species is distinguished from the last by its low speci-

fic gravity, in which it nearly agrees with silicated oxide of
zinc. Opaque. Yields to the nail. Adheres to the tongue.
The specimen examined by Mr. Smithson was from Bleyberg
in Saxony. Its colour was white, and its form stalactitical.

Specific gravity 3-584. Before the blow-pipe it became yel-

low ; and when exposed to the heat of the blue flame was
gradually dissipated. Dissolved with effervescence in sulphuric

acid ; and when heated lost about ^th of its weight. It yielded

Oxide of zinc .... 71'4

Carbonic acid .... 1 3*5

Water 15'

I

100-0 *

Sp. 4. Sulphate of Zinc.

This salt is usually in a state of solution, and therefore be-

longs properly to mineral waters. Its properties have been

described in the first part of this work.

ORDER XX. ORES OF BISMUTH.

Bismuth occurs usually in veins in primitive rocks. It is

said also to have been observed disseminated in wacka. It is

usually accompanied by the ores of cobalt. Its ores are not

abundant. They exist in much greater quantity in Saxony

than in any other country ; but they are found likewise in

Sweden, France, and Cornwall. The following table will serve

to show how little diversified are the ores of this metal.

I. Alloys.

1. Native bismuth.

II. Sulphur ets.

1. Common.
* See Phil. Trans. 1803.
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2. Plumbo-cupriferous sulphuret.
2*f

li. Cupriferous sulphuret.

III. Oxides.

1. Bismuth ochre.

Bismuth, like gold, platinum, and silver, occurs most com-

monly in the state of metal.

GENUS I. ALLOYS.

Sp. 1. Native Bismuth*

This mineral, which is found at Schneeberg, Johangeor-

genstadt, &c. in Germany, has commonly the form of small

plates lying above one another. Sometimes it is crystallized

in four-sided tables, indistinct cubes, and truncated tetrahe-

drons. Its primitive form is the regular octahedron.

Colour silver-white, inclining to red; surface often tarnished

red, yellow, or purple. Internal lustre splendent, metallic.

Fracture perfect foliated. Fragments indeterminate, blunt-

edged. In granular distinct concretions. Soft. Sectile.

Opaque. Easily frangible. Specific gravity 9*022 f to 9\549.J

Exceedingly fusible. Before the blow-pipe gives a silvery-

white bead, and at last evaporates in a yellowish-white smoke,

which is deposited on the charcoal.

GENUS II. SULPHUnETS.

Sp. 1. Common Su/phuret§—Bismuth glance.

This ore, which is found in Sweden, Saxony, and Bohe-

mia, occurs sometimes in amorphous masses, and sometimes

in needle-form crystals.

Colour light lead-grey. Powder black and shining. In-

ternal lustre of the foliated splendent ; of the radiated shining,

metallic. Streak obscurely metallic. Fracture foliated
;

sometimes radiated. The foliated in granular distinct con-

cretions. Soils. Soft. Brittle. Easily frangible. Specific

gravity 6131 || to 6-561.** When held to the flame of a

candle, it melts with a blue flame and sulphureous smell.

Before the blow-pipe emits a reddish-yellow smoke, which

• Kirwan, ii. 264. Brochant, ii. 343. Hauy, iv. 184. Hoffmann, iv.

1. 65.

+ Brisson. £ Kirwan.

§ Kirwan, ii. 266. Sage, Mem. Par. 1782, p. 307. Brochant, ii. 316.

Hauy, iv. 190. Hoffmann, iv. 1. 08.

|)
Kirwan. *• Brisson.
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Book m. adheres to the charcoal. This powder becomes white when
V

v
' it cools, and resumes its former colour when the flame is

directed upon it. *

Its constituents, according to the analysis of Sage, are as

follows :

Bismuth 60

Sulphur 40

100

Sp. 2. Needle Ore.f

This mineral occurs in the mines of Pyschminskoi and
Klintzefskoi, near Bcresof, in the district of Catherinenburg

in Siberia, and was first described and analyzed by Karsten

and John. Colour steel-grey, with a pale copper-red tarnish.

Massive and crystallized in oblique four or six-sided prisms,

in which the lateral faces are deep longitudinally streaked.

The crystals are long and frequently acicular. Principal

fracture foliated ; cross fracture small-grained uneven. Fo-

liated fracture splendent; cross fracture shining. Metallic.

Opaque. Easily scratched by the knife. Specific gravity

6 -

125.J Its constituents, according to the analysis of John,

are as follows

:

Bismuth 43-20

Lead ' 24-32

Copper 12*10

Nickel? 1-58

Tellurium? .

.' 1*32

Sulphur „. 11-58

Loss ; 5-90

100-00

Sp. 3. Cupreous Sulphuret. §

This ore was discovered by Selb in a cobalt mine in Fur-

stenberg, where it composes a vein about a yard wide.

Colour lead-grey, but by exposure to the air it acquires a

reddish or bluish tarnish. Massive. Lustre shining metallic.

Fracture small-grained uneven. Gives a dull blackish streak.

Soft. Sectile. Heavy.

* Gillet, Laumont. Jour, de Min. No. xxxii. 585.

f Karsten and John, Gehlen's Jour. Second Series, v. 227. Hoffmann,

iv. 1. 282.

% Karsten. Is not this too high ?

§ Klaproth, Gehlen's Jour. ii. 187; and Beitrage, iv.91.
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Its constituents arc as follows

:

Bismuth 47*24

Sulphur 12-58

Copper 34'66

Loss 5* 52

100-00*

GENUS III. OXIDES.

Sp. 1. Bismuth Ochre.-f

This ore is extremely rare. It has been observed at

Schneebcrg and in Bohemia. It is usually disseminated, or

at the surface of other minerals.

Colour straw-yellow; sometimes passing into light yel-

lowish-grey and ash-grey. Fracture fine-grained uneven

;

passing into foliated, and into earthy. Lustre of the fine-

grained uneven, glimmering; of the foliated, shining; of the

earthy, dull ; adamantine. Opaque. Soft
;
verging on friable.

Not very brittle. Easily frangible. Specific gravity 4*3611.%

Easily reduced and volatilized by the blow-pipe on charcoal.

Dissolves in acids with effervescence. Its constituents, ac-

cording to the analysis of Lampadius, are as follows:

Oxide of bismuth Sfi-.'J

Oxide of iron 5*2

Carbonic acid 4 -

l

Water 3-4

99 0 §

ORDER XXI. ORES OF LEAD.

Ores of lead occur in great abundance in almost every part

of the world. They are generally in veins, but sometimes in

beds ; and they occur both in the primitive, transition, and

floctz formations.

The following table exhibits a view of the different states in

which this mineral has hitherto been observed

:

• Klaproth, Gehlcn's Jour. ii. 101.

f Kirwan, ii. 2G5. Brocbant, ii. 348. Hoffmann, iv. 1.71.

X Brisson. § Handbuch, p. 287.

VOL. III. 2 U
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kill. I. SULPHURETS.

e 0f 1. Galena.
speciei. 2. Blue lead ore.

3. Bournonite.

4. Antimonial sulphuret.

5. Arsenio-sulpburet.

II. Oxides.

1. Yellow oxide.

2. Native minium.

III. Salts.

1. Carbonate.

a White lead ore.

b Earthy lead ore.

c Black lead ore.

2. Muriocarbonate.

3. Phosphate.

4. Arsenio-phosphate.

5. Chromate.

6. Sulphate.

7. Molybdate.

8. Arseniate.

9. Antimonial-arseniate.

10. Tungstate.

11. Aluminate.

Of these the first species is by far the most common. From
it indeed almost the whole of the lead of commerce is extracted.

More lead is smelted in Northumberland, Cumberland, Dur-

ham, and Yorkshire, than in all the rest of Europe.

GENUS I. SULPHURETS.

Sp. 1. Galena*

This ore is divided into two subspecies.

Subsp. l. Common Galena.

This ore, which is very common, is found both in masses

and crystallized. The primitive form of its crystals is a cube.

The most common varieties are the cube, sometimes with its

angles wanting, and the octahedron, composed of two four-

sided pyramids applied base to base. The summits of these

pyramids are sometimes cuneiform, and sometimes their solid

angles are wanting.+ It occurs also in lour and six-sided

prisms terminated by four-sided pyramids, and in three-sided

tables.

Colour lead-grey. Streak similar, but brighter. External

lustre splendent ; internal splendent to glistening, metallic.

Fracture foliated
;
cleavage threefold and rectangular. Frag-

ments cubic. The massive varieties are in granular distinct

concretions. Soft. Sectile. Very easily frangible. Specific

gravity 7*553 % to 7*78(5.§ Before the blow-pipe decrepitates,

* Kirvvan, ii. 21C. Brochant, ii. 395. Haiiy, iii. 456. Hoffmann,

iT. 1. 3.

+ Home de Lisle, iii. 864. Haiiy, iii. 458. % Breithaupt.

§ Watson. I found a specimen of the specific gravity 7'602.
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and melts with a sulphureous smell
;
part sinks into the charcoal.

i

chap. ir.

It generally contains some silver.

Subsp. 2. Compact Galena.

Found massive ; sometimes in specular plates. Colour lead-

grey. Internal lustre glimmering, metallic. Fracture even.

Never in distinct concretions. Softer than common galena.

Streak brighter. Fragments indeterminate. In other respects

agrees with the preceding.

Pure galena is a sulphuret of lead quite free from every other

substance. The easiest mode of analysis is to convert it into

sulphate of lead by means of nitric acid. When the structure

is fibrous it always contains antimony.

Sp. 2. Blue Iucad Ore*

This ore has hitherto been observed only at Zschoppau, in

Saxony, and Huclgiiet, in France. Occurs massive, and crys-

tallized in small six-sided prisms. Colour between indigo-blue

and lead-grey. Internal lustre glimmering, metallic. Streak

brighter. Fracture even. Fragments indeterminate. Soft.

Sectile. Easily frangible. Specific gravity 5*46 1 .t Before

the blow-pipe melts with a low blue flame and a sulphureous

smell, and is easily reduced. It has not been analysed. Its

crystals resemble those of phosphate of leail ; but its component

parts seem to be the same as those of galena.

Sp. 13. flow IMIJu'ffl,1

This rare ore was first obtained from Cornwall, and was ne^-

lected by mineralogists, till accurately describctl and analysed

by Bournon and Ilatchett, in 1804-. Various specimens have

been since analysed by Klaproth.

Colour dark lead-grey, inclining to black. Massive and

crystallized in four-sided rectangular prisms, variously trun-

cated. All the varieties have been described and figured by

Bournon with his usual precision. Crystals large; surface

splendent. Internal lustre glistening, resinous. Fracture

coarse grained uneven. Scratches calcareous spar, but not

fluor spar. Sectile. Easily frangible. Leaves a black trace

• Kirwan, ii. 220. Brochant, ii. 303. Hoffmann, if. L 11.

+ Gellert.

X Bournon and Hatchetr, Phil. Trans. 1804. Klaproth, Gehlcn's

Jour. v. 31.

2 M 2
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Book m. upon paper, but not so readily as lead or sulphuret of anti-

v raony. Specific gravity 5*765. When thrown in powder on

a hot iron, emits a phosphorescent light of a bluish-white co-

lour, but without any smell. When suddenly heated by the

blow-pipe, it crackles and splits; but when gradually heated

it melts, and on cooling assumes a metallic-grey colour.

The following table exhibits a view of the constituents of

the preceding species, according to the most recent analyses :
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Sp. *, Anthnonial Sulphuret.*

Bleischimmer.

This mineral has been detected at Ncrtschinsk in Siberia, and ci>aP.

has been recently described and analysed by Professor Pfaff".

Colour lead-grey. Massive. External lustre from glim-

mering to dull ; internal glistening, metallic. Fracture fine

granular. Composed of thin scaly distinct concretions. Frag-

ments indeterminate, sharp-edgtd. Streak shining. Soft.

Sectile. Easily frangible. Sp. gr. 5 950. Its constituents,

according to the analysis of Pi'afT, are as follows :

Lead
Antimony .... 4?2*26

Sulphur 1720
Arsenic 3'56

Iron 0-16

Copper 0*18

106-80

This ore is by no means uncommon in the lead mines si-

tuated in the north of England.

Sp. 5. slrst'nio-sitl[)liuret.\

This mineral has been hitherto noticed only by Mr. Smith-

son. It occurs in Upper Yalais in Switzerland, and is lodged

in a white granosc compound carbonate of lime and magnesia.

It is accompanied in this rock by regular crystals of iron py-

rites, by red sulphuret of arsenic, and by some other substances.

It has a metallic aspect and a grey colour. It is brittle and

soft. Fracture in one direction tabular; in other directions

vitreous. By trituration it alfords a red powder.

Before the blow-pipe it melts, smokes and burns with a

small flame, leaving a button of metallic lead. Mr. Smithson

ascertained by a set of minute but conclusive experiments, that

it is a compound of lead, arsenic, and sulphur.

GENUS II. OXIOES.

Sp. 1. Veliou Oxide.

%

This very rare mineral was described and analyzed by Dr.

* Pfaff, Schweigger's Jour, xxvii. 2.

+ Smithson; Annals of Philosophy, xiv. 96.

$ John, Schweigger's Jour. iv. I'll.
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John, from a specimen with which he was presented, tliough
he could not learn the place where it had been found. Colour
intermediate between sulphur and lemon-yellow. Massive.
Fracture in one direction earthy, in another foliated, with a
three-fold cleavage. External lustre dull; internal semi-
metallic. Opaque. Semihard. Brittle. Easily frangible.

Does not soil. Streak lighter coloured. Specific gravity
8-000. Melts easily before the blow-pipe. Its constituents,

according to the analysis of John, are

Lead 82-6923

Oxygen 10*5768

Carbonic acid 3-84:62

Oxide of iron and lime . . . 0-4808

Copper Trace
Ferruginous silica 2*4039

100-0000

Sp. 2. Native Minium.*

This ore was discovered by Mr. Smithson in Germany,
disseminated in small quantity in a compact carbonate of zinc.

It has been observed also in England. In general it was in

a pulverulent state, but in places showed to a lens a flaky and
crystalline texture. Its colour is the same as that of factitious

minium, a vivid red mixed with yellow. It possesses the

chemical characters of red oxide of lead, and must of course

be considered as the same substance.

According to Mr. Smithson, it is produced by the decay of

a galena, which he suspects to be itself a secondary production,

from the metallization of white carbonate of lead by sulphur-

etted hydrogen gas.

GENUS III. SALTS.

Sp. 1. Carbonate of Leadf—White Lead Ore.

This is the most generally diffused lead ore after galena,

though it seldom occurs in any considerable quantity together.

Colour snow, greyish, and yellowish-white; yellowish-grey

;

cream-yellow; clove-brown. Massive and disseminated, but

most commonly crystallized. Primitive form the rectangular

• Smithson, Phil. Trans. 1806.

f Kinvan, ii. 203. Klaproth, iii. 167. Jlaiiy, iii. 475. Brochant, ii.

309. Hoffmann, iv. 1. 21.
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octahedron : But it occurs most frequently crystallized in six- chap, rr,

sided prisms, terminated by six or four-sided summits ; in four- V"***'!

sided prisms ; and four and six-sided tables, often variously

bevelled. Crystals usually small. Lustre splendent to glis-

tening, adamantine. Fracture commonly small conchoidal ;

sometimes passes into fine-grained uneven. Fragments inde-

terminate. Transparent and translucent. Refracts doubly

very strongly. Soft. Brittle. Easily frangible. Specific

gravity 6"180.* Before the blow-pipe decrepitates; becomes,

red, then yellow, and at last is reduced to a globule of lead.

Sp. 2. Earthy Lead Ore.f

Most frequent colour yellowish-grey; passes into straw-

yellow, greenish-grey, siskin and apple green, and into yellow-

ish-brown. Massive. Internal lustre crlistenin", resinous.

Fracture fine-grained uneven
;

passing into splintery and
earthy. Opaque. Streak brown. Soft. Inclining to sectile.

Easily frangible. Specific gravity 5*1614

Sp. 3. Black Lead Ore.§

This ore often accompanies white lead ore and galena. Co-
lour greyish-black. Massive, and crystallized in six-sided

prisms. External lustre shining ; internal glistening, adaman-
tine. Fracture small-grained uneven. Translucent and
opaque. Soft. Streak greyish-white. Rather brittle. Easily

frangible. Sp. gr. 5*711.
||

The constituents of these three species areas follows:

• Klaproth.

t Kirwan, ii. M5. Brochant, ii. 887. Hoffmann, iv. 1. 44.

t Gellcrt.

§ Kirwan, ii. 221. Brochant, ii. 307. Hoffmann, iv. 1. 18.

|| Brisson.
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Carbouati'.
Earlhy Lead Black Lead

'

1 _
ure. Ore.

if * t1

i —i

X §

81*2 80-25 82

—

.

66-00 78*5

16 16 12-00 18
0'3 0-18 2-25 —

SiliVn 10-50 —
0-75 4-75

0-9 0-5

1-5

2-25 2
1-6 2-32 a 2-25

100-00 100-00 100 100-00 100-00

Sp. 4. Murio-carbonate of Lead.

For the first description of this ore which has been observed

in Derbyshire, in Germany, and in America, we are indebted

to the Count de Bournon. The primitive form of its crystals

is the cube, often lengthened, and the edges or the angles not

unfrequently truncated, and replaced by small planes. Colour

usually a light straw yellow ; sometimes a clear transparent

white, with a lustre far surpassing common carbonate of lead.

Internal lustre splendent, adamantine. Principal fracture

foliated ; cross fracture conchoidal. Semitransparent. Streak

snow-white and dull. Sectile. Scratched by carbonate of

lead. Specific gravity 6*0651 .|| Its constituents arc as follows

:

Oxide of lead -. . 85 85*5

Carbonic acid 6 .... 6

Muriatic acid 8 .... 8*5

Loss 1 .... —

100 ioo-o

* Westrumb. + Klaproth, Beitrage, iii. 167.

\ John, Chem. Unter. ii. 299.

§ Lampadius, Hantlbucli, p. 275.

||
Bournon, Nicholson's Jour. iv. 220.

** Chenevix, Nicholson's Jour, iv.220.

ff Klaproth, Beitrage, iii. 141.
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Sp. 5. Phosphate of Lead.*

There arc two varieties of this ore, distinguished chiefly by

their colour
;
namely, the brown and green lead ore. We may

consider them as subspecies. The primitive form of its crys-

tals is a dodecahedron, consisting of two six-sided pyramids,

the sides of which are isosceles triangles, f The crystals are

usually six-sided prisms, sometimes terminated by six-sided

summits. The summits are sometimes truncated, as are also

the edges of the prism.

Subsp. 1. Brown Phosphate—Brown Lead Ore.

Colour clove-brown of different degrees of intensity. Mas-
sive, and crystallized in six-sided prisms. Internal lustre glist-

ening, resinous. Fracture small and fine grained uneven.

Fragments indeterminate. Crystallized varieties show a ten-

dency to thin columnar distinct concretions. Translucent.

Soft. Brittle. Easily frangible. Specific gravity from 6 600
to 6 9094

Subsp. 2. Green Phosphate—Green Lead Ore.

Colour grass-green, which passes to sulphur-yellow and to

greenish-white. Seldom massive; usually crystallized in six-

sided prisms, often variously truncated. Crystals small. Ex-
ternally smooth and shining. Internal lustre glistening, resi-

nous. In other respects it agrees with the preceding.

Before the blow-pipe this ore melts without being reduced,

and on cooling assumes a polygonal form. The yellow vari-

eties become green when heated.

Its constituents are as follows :

• Kirwau, ii. 207. Klaproth, iii. 146. Haiiy, hi. 490. Brochant, ii.

314. Hurt'inann, iv. 1. 15 and 27.

t Rome de Lisle, iii. 391. See also Haiiy 's remarks on the same subject,
in Jour, de Min. No. xxxi. 500, and Min. iii. 49 1.

X Klaproth, and Haiiy.
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Book III.
Pliospliate.

# # t

78-58 78-4- 77-1 80 79
1-65 1-7 1-54 1-62

19-73 18-37 19 18 18
o-i o-i Trace 1

2
04 1-43 2-26 0-38

100-00 100-00 100-00 100-00 100

Sp. 6. Arsenio-phosphate of Lead.

This mineral has been found in Auvergne, Brittany, Ger-

many, and Spain. Colour reddish-brown or pistachio-green,

with a yellowish-grey crust. Occurs in botryoidal pieces. Ex-

ternal lustre dull, internal from glimmering to shining, pearly

or adamantine. Fracture passes from fibrous to radiated. In

concentric lamellar distinct concretions. Opaque. Streak

lighter. Soft. Rather sectile. Specific gravity 6-5. Its con-

stituents are as follows :

Phosphoric acid 13

Arsenic acid 7

Muriatic acid 1*75

Oxide of lead 76*00

Water 1*75

Loss 50

ioo-oo|

Sp. 7. Chromate of Lead§—Red Lead Ore of Siberia.

This mineral which has now become scarce, is found in the

gold mines of Bcrcsof near Ekaterinbourg in Siberia, crystal-

lized in four-sided prisms, sometimes terminated by four-sided

pyramids, sometimes not.

Colour hyacinth-red. Streak and powder lemon-yellow.

Lustre splendent, adamantine. Fracture foliated with two

cleavages; cross fracture small-grained, uneven. Fragments

» Klaprotb, Beitrage, iii. 116. t Fourcroy.

J Klnproth, Beitrage, v. 204.

I Kirwan, ii. 214. Brocliant, ii. 318. Haiiy, iii. 407. Hoflmann, ir.

1. 33.
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indeterminate, blunt-edged. Translucent. Soft. Specific chip. ir.

gravity 6*056.* Does not effervesce with acids. Before

the blow-pipe decrepitates ; some lead is reduced, and the mi-

neral is converted to a black slag, which tinges borax green.

A brown ore of lead from Zimapan in Mexico, brought to

Europe by Humboldt, was found by Dcscotils to be a com-

pound of chromic acid and oxide of lead; but the proportion

of acid was considerably smaller than in the red lead ore.

This ore seems to constitute a species apart, but no descrip-

tion of it has been published.f

The constituents of these minerals are as follows

:

Chromatc

Oxide of lead .

.

Muriatic acid .

.

Chromic acid .

.

Oxide of iron .

.

Loss

t

65*12
§
64

34-S8 36

100-00 100

Hrow n

Chromatr.

. 74-2

. 1-5

. 16

. 35

. 4-3

1000

Sp. 8. Sulphate of Lead**

This ore, which is found in Anglesey, in the Leadhills in

Scotland, in Andalusia, and in Germany, is generally crystal-

lized. The primitive form of its crystals is a rectangular oc-

tahedron, with obtuse pyramids. The pyramids arc often va-

riously truncated. Colour yellowish-grey and yellowish-white;

sometimes passes into smoke and ash-grey. External lustre

shining; internal splendent, adamantine. Fracture flat con-
choidal. Translucent. Scratched by the nail. Brittle. Spe-
cific gravity 6-3-tt Immediately reduced before the blow-pipe.
Its constituents are as follows :

• Brisson. f Ann. de Chim. lviii. 268.

t Vauquelin, Jour, de Min. No. xxxiv. p. 700.

§ Tlienard.

|| Collet Descotils, Ann. de Chim. liii. 271.
** Kirwan, Min. ii. 211. Klaproth, iii. 162. Hauy, iii. 513. Brochant,

ii. 325. Hoffmann, iv. 1. 41. Schweigger's Jour. viii. 49.

+ 1 Klaproth.
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Sulphuric acid 34*8 .. 25*75 .. 26-0191 .. 25

Oxide of lead 71*0 . . 70-50 . . 72-9146 . . 69-5

Oxide of iron ]>• .. — 0-1151 .. —
Oxide of manganese . . — . . — . . 0*1654 . .

—
Silica and alumina .... — . . — . . Trace . .

—
Water 2' .. 2-25 .. 0*1242 .. 1*5

Loss 1-2 .. 1-50 .. 0-6616 .. 4

100-0* 100-00* 100-0000 f ioo-oj

Two new species have been lately discovered at Leadhills in

Scotland, viz. sulphato-carbonate and sulphato-tricarbonate

of lead.

Sp. 9. Molybdate of Lcad.§

This ore, which is found in Carinthia, was first mentioned

in 1781 byMr.Jacquin.|| It occurs sometimes massive, but

usually crystallized in cubic, or rhomboidal, or octahedral

plates. The primitive form of its crystals is an octahedron

with isosceles triangular faces ; the incidence of a face of one

pyramid on that of another 76° 40'.**

Its colour is wax-yellow. External lustre shining ; internal

glistening, resinous. Fracture small grained uneven, passes

into imperfect small conchoidal, and even into foliated. Frag-

ments rather sharp-edged. Translucent. Between brittle and

sectile. Easily frangible. Soft. Specific gravity 5-486 ;ft
when purified from its gangue by nitric acid, 5 - 706.i± Soluble

in fixed alkalies and in nitric acid. Communicates a blue co-

lour to hot sulphuric acid. Soluble in muriatic acid, and de-

composed by it. Before the blow-pipe decrepitates, melts

into a yellowish-grey mass, and globules of lead are reduced.§§

Its constituents are as follows

:

II II

Oxide of lead 64*42 58-4

Molybdic acid 34'25 37

Oxide of iron — .... 3 'OS

Silica — 0-2S

Loss 1-33 1-24-

100-00 100-00

* Klaproth, Beitrage, iii. 162. f Stromeyer, Hoffmann, iv. 1. 43.

% Jordan, Schweigger's Jour. viii. 52.

\ Kirwnn, ii. 212. Klaproth, Ann. de Chim. viii. 103. Hatchett, Phil.

Trans. 1796, p. 235. Haiiy, iii. 498. Brocliant, ii. 322. Hoffmann, iv. 1. 36.

I',

In his Miscellanea Austriaca, ii. 139.

— Haiiy. ft Macquart. \\ Hatchett. §§
Macquart.

HI! Klaproth, Beitrage, ii. 275. ** Hatchett, Phil. Trans, lxxxvi. 323.
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- Sp. 10. Arseniate of Lead*

This ore, which was first found at Johann-Georgenstadt, was Chap. u.

at first confounded with the preceding, till the analysis of Rose
V

v

showed that it contained no molybdic acid.

Beautiful specimens of it have been found in Huel Unity

Mine, about two miles east of Redruth in Cornwall, where it

occurs in large six-sided prisms and in capillary crystals. It

is said to occur sometimes in double six-sided pyramids applied

base to base. Colour wax-yellow. External lustre splendent,

adamantine; internal shining, resinous. Principal fracture of

the crystals foliated, cross fracture fibrous. Translucent. Soft.

Sectilc. Specific gravity 7*2612. Its constituents are as follows

:

Oxide of lead 69* 76

Arsenic acid '26*4-0

Muriatic acid 1*58

Loss 2*26

lOO'OOf

Sp. 11. Antimbitiul Ar<ni'tatc\— B/einiere.

This rare mineral has been found at Xertschinsk, in Siberia.

It was called Bit iniere, by Karsten, and considered by him as

a distinct species, while Werner made it merely a variety of

his lUeierde or earthy lead ore. Pfaff has lately analyzed it,

and shown that it possesses peculiar characters. In his opi-

nion, it is merely the antimonial sulphuret, or bleisehimmer
altered by exposure to the air. Rut his own analysis of the

two species will not allow us to draw such a conclusion.

Its principal colour is straw yellow ; but it sometimes appears
brown or orange red, sometimes yellowish grey, sometimes
verdigris green. Massive, and composed of flat spheroidal
distinct concretions. Dull. Streak shining. Fracture earthy.

Opaque. Soft. Sectile. Easily frangible. Specific gravity

5*227. Its constituents, according to Pint}', are

• Karsten, Gehlen's Jour. iii. 60.

+ GreRor, Phil. Trnns. 1800, p. Q05.

t Pl'aff ; Schweigger's Jour, xxvii. 9. Hoffmann, iv. 1. 48.
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Book in. Oxide of lead 33*10
v Anlimonic acid 43*96

Arsenic acid 16*42

Oxide of copper 3-24

Oxide of iron 0-24

Silica 2*34

Sulphuric acid 0*62

Manganese, iron, &c 3*32

103*24

Sp. 12. Tungstate of Lead.*

This mineral has been lately found at Zinnwalde, in Bohe-
mia. It greatly resembles the brown acicular phosphate of

lead from Pullowen in Brittany, and from Rheinbreitbach on
the Rhine ; but the crystalline form is different, representing

very acute four-sided pyramids.

Sp. 13. Aluminate of Leadf—Vlojnbgumme.

This mineral occurs at Huelgoat near Pullaouen in Brit-

tany. It was noticed by M. Gillet de Laumond, in the year

1786.J It has a yellow colour, but in other respects has so

strong a resemblance to the Mullen glass, found near Frank-

fort, on the Mein, that it might be mistaken for it. When
suddenly heated, it decrepitates violently ; but when heated

slowly, it becomes white and opaque. It dissolves readily in

borax into a colourless transparent glass ; but no reduction of

lead takes place. If a little nitre or carbonate of soda be

added, the lead is reduced. The composition of this mineral was

first ascertained by Mr. Smithson Tennant. It was afterwards

analysed by Berzelius, who found its composition as follows:

Oxide of lead 40*14

Alumina 37'00

Water 18*80

Sulphurous acid 0*20

Lime, oxides of iron and manganese 1*80

Silica 0*60

98*54

» Heulancl ; Annals of Philosophy, xii. 454.

+ Smithson ; Annals of Philosophy, xiv. 31. Berzelius, Ann. de Chim.

et fie Phys. xii. 21.

X Jour, de Phys. 178G, p. 385.
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It is obviously a hydrous hexaluminate of lead or a com- chap. n.

pound of six atoms of alumina, one atom of oxide of lead, and v""""
/

6 atoms water.

ORDER XXII. ORES OF ANTIMONY.

The ores of antimony occur almost always in veins, and af-

fect the primitive and transition mountains. By far the most

abundant, and the only ore wrought for metallurgic purposes,

is the sulphurct. Antimony ores occur in considerable quan-

tities in different parts of Sweden, Norway, Germany, France,

Britain, &c. The following table exhibits the different states

in which this metal has hitherto been found in nature

:

I. Alloys. 3. Black ore of antim. Table of

Native. III. OxiDK8,

II. Sulphurets. 1. White oxide.

1. Grey ore of antimony. 2. Red ore of antimony.
2. Nickeliferous sulphurct. 'J. Antimony ochre

genus i. alloys.

Sp. 1. Nulive ylntimony*

This mineral was first discovered by Swab at Sala, in Sweden,
in 1748. It has been since observed in two other places, at

Allemont in France, and at Andreasberg in the Hartz. It

occurs massive and in kidney-form lumps. Colour tin-white.

Lustre splendent, metallic. Fracture perfect foliated with a
fourfold cleavage. Fragments sometimes rhomboidal, usually

indeterminate, blunt-edged. In granular, and sometimes in

lamellar distinct concretions. Rather scctile. Very easily fran-

gible. Soft. Specific gravity 6'720.f Before the blow-pipe

melts and evaporates, depositing a white oxide of antimony.
A specimen from Andrcasberg, analysed by Klaproth, con-
sisted of

Antimony 98*00

Silver 100
Iron 0-25

99-25 X

* Kirwan, ii. 245. Brochant, ii. 367. Haiiy, iv. 252. Hoffmann, ir. 1.

99.

f Klaproth, iii. 170. J Bcitrage, iii. 172.
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GENUS II. SULFHURETS.

Sp. 1. Grey Ore of Antimony *

This ore, which is the most common, and indeed almost the
only ore of antimony, occurs both massive, disseminated, and
crystallized. Its crystals are four-sided prisms, somewhat flat-

tened, whose sides are nearly rectangles, terminated by short
four-sided pyramids whose sides are trapeziums, f Sometimes
two of the edges are wanting, which renders the prism six-

sided. X The primitive form of its crystals is an octahedron
slightly rhomboidal with scalene triangular faces, in which the

angle formed by two of the faces meeting at the base is 87°

52', and the incidences of the adjacent faces on one another

are 109° 24/, 107° 27', and 1.10° 58'.§

It is divided into four subspecies.

Subsp. 1. Compact.

Colour light lead grey, surface often tarnished, and then it

is blue or purplish. Massive and disseminated. Internal lus-

tre shining metallic. Fracture fine-grained uneven. Frag-

ments indeterminate, blunt-edged. Seldom in small granular

distinct concretions. Soft. Easily frangible. Soils. Streak

more shining. Specific gravity 4"368. The most uncommon
of the subspecies.

Subsp. 2. Foliated.

Colour as the preceding. Massive and disseminated. In-

ternal lustre shining metallic. Fracture foliated : sometimes

passing into broad radiated. Cleavage single. Fragments in-

determinate. In granular distinct concretions; coarse and

fine, and usually longish. Soft. Not particularly brittle. Easily

frangible. Specific gravity 4*300 to 4*382.
||

Subsp.. 3. Radiated.

Colour light lead-grey, often tarnished. Massive, dissemi-

nated, and crystallized in six and four-sided prisms. Surface

of crystals streaked longitudinally, and usually shining, in-

ternal lustre splendent to glistening, metallic. Fracture ra-

* Kirwan, ii. 247. Brocli.mt, ii. 371. llaiiy, iv. 264. Hoftmann, iv. 1.

102.

f Rome de Lisle, iii. 49.

£ Ibid. See also Haiiy, Jour, de Min. No. xxxii. 606.

§ Haiiy, Lucas Tableau, ii. 165.
||
Breithaupt.
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dieted. Fragments indeterminate ; sometimes splintery. In

thin imperfect columnar, and longish granular distinct concre-

tions. Soft. Not particularly brittle. Easily frangible. Spe-

cific gravity 4*431* to 4*458.+

Subsp. 4. Plumose.

Colour between blackish lead-grey and steel-grey. Mas-

sive, but usually in thin capillary crystals. External lustre

shining; internal glimmering, metallic. Fracture delicate pro-

miscuous fibrous. Fragments indeterminate, blunt-edged.

Opaque. Very soft. Not particularly brittle. Easily fran-

gible. Heavy.

A specimen of the radiated variety of this species analysed

by me was composed of

Antimony 73*77

Sulphur 26'23

1 00-00 1

Sp. 2. Nickc/iferous Sulphuret of Antimony. §

This mineral occurs in veins near Freussberg, in the county

of Sayn-Altenkirchen, in the principality of Nassau. It was

described and analysed by Klaproth in 1812, and in 1814 bv
Dr. John. Colour steel-grey, passing into lead-grev and vio-

let. Massive. Principal fracture foliated with a two- fold

cleavage, cross fracture granular uneven. Lustre shining;

cross fracture glistening. Fragments usually indeterminate,

sometimes inclining to cubic. Streak dark grey. Brittle.

Easily frangible. Specific gravity 5*65. Before the blow-

pipe melts, emitting a white vapour having the smell of arsenic,

part of which remains attached to the charcoal giving it a yel-

low colour. Its constituents are as follows:

Antimony 47*75 .... 61*68

Nickel 25-2.5 2333
Arsenic 1 1*75 —
Sulphur 15-25 14-16

Unknown body — .... 0*83

ft*100-0011 100-00

• Kirwan. f Breithaupt. Annals of Philosophy, iv. 97.

§ Ann. dc Chim lxxxiii. 229 ; Ixxxv. 65. Schweigger's Jour. xii. 238.

||
Klaproth, Ann. de Chim. Ixxxv. 7 L

*• John,Schwcigger's Jour. xii. 242. lie includes the arsenic under the

Antimony, not having been able to separate them.

VOL. III. 2 N
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GENUS III. OXIDES.

Sp. 1. White Ore of Antimony.*

Book m. This ore, which has been found in Bohemia and Dauphiny,

^—v

—

' is sometimes in quadrangular tables and cubes; sometimes in

acicular crystals grouped like zeolites, and sometimes in

prisms. Colour passes from snow-white to yellowish-white.

Internal lustre shining, between pearly and adamantine.

Fracture foliated. Single cleavage ; sometimes radiated.

Fragments indeterminate. In granular and columnar distinct

concretions. Translucent. Soft. Rather sectile. Heavy.

Melts easily by the flame of a candle, and emits a white va-

pouivj- Before the blow-pipe decrepitates ; when powdered

and just ready to melt, it evaporates and leaves a white pow-

der around. Between two pieces of coal it is reducible to a

metallic state. This ore had been taken for a muriate of an-

timony; but Klaproth has lately ascertained it to be pure

white oxide of that metal. \

Sp. 2. Ochre ofAntimony.

%

This mineral is uncommon. It has been found at Brauns-

dorf near" Freyberg, in Hungary, France, and Spain. Some-
times massive, sometimes covering grey ore of antimony.

Colour straw-yellow. Lustre dull. Fracture earthy. Soft.

Opaque. Brittle. Not particularly heavy. Infusible before

the blow-pipe ; but emits a white smoke, and is volatilized.

With borax it froths, and is partly reduced to the metallic

state. It has a bitterish taste, which it loses by long exposure

to the air.

Sp. 3. Red Ore of Antimony. \\

This ore occurs at Braunsdorf in Saxony, and Kremnitz in

Hungary, and at Allemont in France. It is usually in the

state of capillary crystals grouped together. Colour cherry-

red. Lustre glistening, adamantine. Fracture fibrous. Frag-

ments wedge-shaped and splintery. In coarse and small

longish granular distinct concretions. Opaque. Streak

* Kirwan, ii. 251. Brocliant, ii. 381. Haiiy, iv. 373. Hoffmann, ir.

1. 119.

+ Haiiy, Jour, do Min. No. xxxii. 609. J Klaproth, iii. 183.

§ Kirwan, ii. 252. Brocliant, ii. 383. Hoffmann, iv. 1. 124.

||
Kirwan, ii. 250. Brocliant, ii. 379. Haiiy, iv. 276. Hoffmann, ir.

1. 115.
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similar. Very soft. Not very brittle. Easily frangile. Spe- chap

cific gravity 3*75* to 4-'09.f Before the blow-pipe melts, emits

a slight smell of sulphur, and is volatilized. When heated in

muriatic acid it emits sulphuretted hydrogen gas, holding hy-

drosulphuret of antimony in solution. When heated to red-

ness a little carbonic acid is emitted, some glass of antimony

is formed, and the greatest part assumes the form of oxide of

antimony. It yields 67 ' per cent, of antimony.

The following table exhibits a view of the constituents of

such of the preceding species as have been analysed :

While Ore. Red Ore.

1 II

. . . 100 .. 89 . . . . 78-3

. .. 19-7

. a 8 • • • •

3 . ... 20

100-0 100 100 0

ORDER XXIII. ORES OF ARSENIC.

Arsenic is scattered in great abundance over the mineral

kingdom, accompanying almost every other metal, and form-

ing also sometimes peculiar veins of its own. These veins

occur most commonly in primitive mountains, though they

are found also, at least some of the species, in floetz rocks.

The following table exhibits a view of the different ores in

which this metal occurs.

I. Alloys.

Native arsenic.

II. St' LIMIT RETS.

1. Arsenical pyrites.

2. Orpiincnt.

III. Oxides.

Native oxide.

• Lametherie. t Klaproth, iii. 179.

X Klaproth, Beitrage, iii. 183.

§ Vauquelin, Iluiiy, iv. 274. Under the oxide of antimony a little iron

is included.

|| Klaproth, Beitrage, iii. 132.

2 N 2
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GENUS I. ALLOYS.

Sp. 1 . Native Arsenic*

Book in. This mineral is found in different parts of Germany, &c
^V"""' It occurs generally in masses of various shapes, kidney-form,

botryoidal, &c. Colour light lead-grey. Its surface quickly

becomes tarnished by exposure to the air, and becomes grey-

ish-black. Lustre metallic (when fresh) shining. Streak

bluish-grey, metallic and bright. Powder dull and black.

Fracture small-grained uneven; sometimes imperfect foliated.

In thin curved lamellar distinct concretions. Semi-hard.

Very easily frangible. Sectile. Specific gravity 5 -67 + to

£'724?9.J Gives an arsenical smell when struck. Before the

blow-pipe emits a white smoke, diffuses a garlic smell, burns

with a blue flame, gradually evaporates, depositing a white

powder. It is always alloyed with some iron,§ and often

contains silver, and sometimes gold.

GENUS II. SULPHURETS.

Sp. 1. Arsenical Pyrites.
\\

This mineral is common in different parts of Germany, &c.

It occurs massive and disseminated, and very often crystal-

lized. The primitive form of its ciystals is a rhomboidal prism,

the angles of whose base are 103° 20' and 76° 40'. It occurs

in this form. Sometimes the prism is terminated by four-

sided summits ; sometimes its lateral faces are cylindrical. It

occurs also in lenticular crystals.** This species is divided into

two subspecies.

Subsp. 1. Common.

Colour of the fresh fracture silver white; by exposure it

acquires a yellowish tarnish. Massive; disseminated; and

crystallized in oblique four- sided prisms, very acute double

* Kirwan, ii. 255. Brochant, ii. 435. Haiiy, iv. 220. Hoffmann, iv.

1. 207.

+ Kirwan. % Crisson.

§ Do Born, Catal. of Raab, iii. 1°4.

K Kirwan, ii. 25G. Brochant, ii. 430. Haiiy, iv. 57. Hoffmann, iv.

1. 211.

* » A description of the different forms in which arsenical pyrites occurs,

with figures of each, is given hy Bernhardt in Gehlen's Journal. Second

Series, iii. 80.
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four-sided pyramids, irregular cubes, and needles. Lateral ctap. n\

faces smooth ; those formed by truncation usually streaked.

Their lustre is splendent. Internal lustre shining, metallic.

Fracture coarse and small grained uneven. Fragments inde-

terminate, blunt-edged. Usually unscparated; sometimes in

columnar distinct concretions. Hard. Brittle. Rather

tough. Specific gravity 6 020 to 6 - 155.* When rubbed

emits an arsenical smell.

Subsp. 2. Argentiferous. IVeiserz.

Colour silver-white, surface tarnished yellowish. Massive,

disseminated, and in small acicular four-sided prisms. Ex-
ternal lustre shining ; internal glistening, metallic. Fracture

finc-jinu'iied uneven. Fragments indeterminate. Has somc-

times a tendency to fine granular distinct concretions. In

other respects agrees with the preceding. The constituents of

arsenical pyrites are as follows:

Arsenic 18- 1 43-4 42-88

Iron 36 5 34*9 3604
Sulphur 15 t 20- 1 21*08

Loss — .... 1'6 .... —

looof 1000 + 1 oo-oo §

Sp. 2. Orp'iment.

This species is divided into two subspecies; namely, red

orp'iment ami ijellow orp'iment.

Subsp. 1. Red Orp'iment— Realgar.
\\

This mineral is found in Sicily, about Mount Vesuvius, in

Hungary, Transylvania, and various parts of Germany, &c.

It is either massive or crystallized. The primitive form of the

crystals is an octahedron with scalene triangles, which seem

to be the same with the primitive form of sulphur; and it

Commonly appears in 4, 6, 8, 10, or 12 sided prisms, termi-

nated by four-sided summits.**

Colour aurora-red. Streak lemon or orange-yellow. Lus-

* Brcithaupt. t By my analysis.

J Chevreul. § Stromeyer, Schweigger's Journ. x. 404.

||
Kirwan, ii. 2G1. Bergman, ii. 297. Urocliant, ii. 447. liaiiy, ir.

928. llofimmm, iv. 1. 224.

•* Koine de Lisle, iii. 34. Haiiy, iv. 220.
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jiookiir.^ tre shining, between pearly and adamantine. Translucent.
Very soft. Brittle. Easily frangible. Specific gravity
3*3384-.* It is an electric per se, and becomes negatively

electric by friction .f Nitric acid deprives it of its colour.

Before the blow- pipe it melts easily, burns with a blue flame

and garlic smell, and soon evaporates.

Subsp. 2. Yellow OrpimenL.%

This ore, which is found in Hungary, Wallachia, Georgia,

and Turkey in Asia, is either massive or crystallized. The
crystals are confused, and their figure cannot be easily deter-

mined ; some of them appear octahedrons, and others minute
four-sided prisms. Colour lemon-yellow. Streak similar.

Internal lustre splendent, between adamantine and semi-me-

tallic. Fracture curve-foliated. Plates flexible, but not elas-

tic. Occurs in large and small granular distinct concretions.

Translucent to transparent. Soft. Sectile. Specific gravity

from 3*400 § to 3*4-15.
||

Effervesces with hot nitric acid.

Burns with a bluish-white flame. Before the blow-pipe melts,

smokes, and evaporates, leaving only a little earth and some

traces of iron. Becomes electrified minus when rubbed.

These two subspecies owe their diversity to the variation in

the proportion of their constituents. The following is their

composition, according to the analysis of Klaproth :

Realgar. Orpiment.

Arsenic 69 62

Sulphur 31 38

100** 100**

GENUS III. OXIDES.

Sp. 1. Native 0x\de.\\

This ore is found in various parts of Germany, Hungary,

&c. cither in powder, or massive, or crystallized in prismatic

' * Brisson. f Haiiy, Jour, de Min. No. xxxii. 012.

\ Kirwan, ii. 2G0. Alberti de Auripigmento. Scopoli in anno 5to

Hist. Nat. p. 59. Bergman, ii. 297. Brochant, ii. 444. Haiiy, iv. 234.

Hoffmann, iv. 1. 220.

§ Brrithaupt. ||
Brisson. •* Beitrage, v. 238.

+ I Kirwan, ii. 258. Bergman, ii. 285. Brochant, ii. 450. Haiiy, ir.

S25.

\
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needles. It is very uncommon. Colour white or grey, often tbap- "»

with a tint of red, yellow, green, or black. Lustre common,

glimmering. Opaque or translucent on the edges; when

crystallized, translucent. Texture earthy. Soft. Brittle.

Specific gravity 3*7.* Soluble in hot diluted nitric acid

without effervescence. Soluble at 60° Fahrenheit in 80 times

its weight of water. Before the blow-pipe sublimes, but does

not inflame. Tinges borax yellow.

CHAP. III.

OF COMPOUND ROCKS.

The minerals described in the Ifesl chapter hardly ever oc-

cur insulated. They are usually united together in various

groups, constituting the rocks anil the soil of which the globe

of the earth is composed. These groups are termed com-

pound minerals. The study of them constitutes geology

or geognosy ; one of the most important branches of philo- Geo*™*?,

sophy. It teaches us the structure of the globe, the relative

situation of the dincrcnt minerals, their connexion with each

other, and the changes which they arc undergoing, or have

undergone It is by numerous and skilful observations alone

that any progress can be made in this difficult investigation.

In Germany, mining has been long an object of greater at-

tention than in any other country; men of science have been

long employed to superintend the mines, and exact records

have been kept of every thing that occurred. It is in that

country, accordingly, that the greatest number of observations

have been made, and the materials collected, for raising geo-

logy to the rank of a science. The difficult task was under- Gtntru.jt*

taken by Werner, the celebrated Professor of Mineralogy in
bJ w"n*'

Freyberg, who generalized his own observations, and those of

his pr6deoeS80fB) and constructed a theory which has excited

general attention. To the branch of science which he has

thus created he has given the name of geognosy.

Respecting the structure of the internal parts of the earth,

we have no direct means of information ; but towards the

superficies, this structure is laid open to our view by ravines,

• Kirwui.
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Book nr. rivers, mines,

means of learning

&c. Observations on these afford the only

the structure of the earth. They consti-

tute the foundations of geognosy, the ground work from

which all the conclusions of that science are deduced. The
stony masses of which the earth, as far as we know it, is com-
posed, are sometimes simple, or composed of some one of the

minerals described in the preceding chapter; as, for example,

lime-stone, serpentine, quartz : But more frequently they are

compound, or composed of two or more simple minerals va-

riously mixed and united together ; as granite, which is com-

posed of quartz, felspar, and mica.

These stony masses, or rocks, are numerous, and they are

found in the earth laid one above another; so that a rock of

one kind of stone is covered by another species of rock, and
this by a third, and so on. Now in this superposition of rocks

it has been observed, that their situation is not arbitrary;

every one occupies a determinate place, so that they follow

each other in regular order from the deepest part of the

earth's crust, which has been examined, to the very surface.

Thus there are two things respecting rocks which claim our

attention
;
namely, their composition, and their relative situa-

tion. But besides the rocks which constitute almost the whole

of the earth's crust, there are masses which must also be con-

sidered. These traverse the rocks in a different direction,

and are known by the name of veins, as if the rocks had split

.asunder in different places from top to bottom, and the chasm

had been afterwards filled up with the matter which constitutes

the vein.

Thus it appears, that when we consider compound minerals,

or rocks, the subject naturally divides itself into three parts;

namely, 1. The structure of rocks; 2. The situation of rocks;

3. Veins. These shall form the subject of the three following

.sections.

SECT. I.

OF THE STRUCTURE OF ROCKS.

Rocks may be divided into two classes; viz.

I. Simple, or composed of one mineral substance.

II. Compound, or composed of more than one mineral

substance.

Compound rocks arc of two kinds; namely,

I. Cemented; composed of grains agglutinated by a ce-

ment, as sand-slone.
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II. Aggregated
;

composed of parts connected together chap. ML

without a cement, as granite.
v-"~v

The aggregated rocks are likewise of two kinds ;
namely,

I. Indeterminate.

Only one instance of this kind of aggregation has hitherto

occurred; namely, in the older serpentine, where lime-stone

and serpentine are so conjoined, that it is dillicult to say which

predominates.

II. Determinate.

The determinate are either, I. Single aggregated ;
or, II.

Double aggregated.

There are four kinds of single aggregated rocks; namely,

1. Granular; composed of grains whose length, breadth,

and thickness are nearly alike, and which are of con-

temporaneous formation. As granite, sic/iite.

2. Slaty; composed of plates laid above each other; as

mica slate.

3. Porphvritic ;
composed of a compact ground, contain-

ing in it crystals which appear to have been deposited

at the time the rock was formed ; as common porphyry.

4. Amygdaloidal; composed of a compact ground, contain-

ing in it vesicles which appear to have been afterwards

filled up; as amygdaloid.

There are five kinds of double aggregated rocks; namely,

1. Granular slaty
;
composed of slaty masses laid on each

Other. Every individual slate is composed of grains

cohering together ; or it is slaty in the great, and gra-

nular in the small: as gneiss.

2. Slaty granular
;
composed of large granular masses co-

hering together ; each grain is composed of plates; or

the rock is granular in the 'M eat, and slatv in the small;

as topaz rock.

3. Granular porphvritic; granular in the small, and por-

phyrinic in the great; as granite, green-stone frequently.

4. Slaty porphyritic : slaty in the small, porphyritic in the

great ; as mica slate frequently.

5. Porphyritic and amygdaloidal ; a mass porphyritic and

amygdaloidal at the same time; as amygdaloid anil

basalt frequently.

Such are the different kinds of structures of rocks hitherto

observed and described. The following table will give the

reader a synoptical view of these different kinds of structure

:
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I. Simple rocks.

II. Compound rocks.

A. Cemented.

B. Aggregated.

a. Indeterminate.

b. Determinate.

I. Single.

1. Granular.

2. Slaty.

3. Porphyritic.

4. Amygdaloidal.

II. Double.

1. Granular slaty.

2. Slaty granular.

3. Granular porphyritic.

4. Slaty porphyritic.

5. Porphyritic and amygdaloidal.

SECT. II.

OF THE RELATIVE SITUATION OF ROCKS.

The rocky masses, or rocks, hitherto observed, amount to

about sixty. Of these rocks, variously placed over each other,

the whole crust of the earth is composed, to the greatest

depth that the industry of man has been able to penetrate.

Now these rocks, with respect to each other, occupy a deter-

minate situation, which holds most commonly in every part

of the earth. Thus lime-stone is seldom found under granite,

but very often above it. Were we to suppose every particular

rock, or layer, which constitutes a part of the earth's Surface

to be extended round the whole earth, and to be wrapped

round the central nucleus, like the coat of an onion, in that

case every rock would occupy a determinate place: one

species would be always lowest or nearest the centre ; another

species would uniformly rest upon this first; a third upon the

second, and soon. Now though the rocks do not in rcalilv extend

round the earth in this uninterrupted manner; though partly

from the inequality of the nucleus on which they rest, partly

from their own inequality of thickness in different places, and

partly from other causes, the continuity is often interrupted ;

yet still we can trace enough of it to convince us that the

554

Book III.

Table of the

structure of

rocks.
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rocks which constitute the earth's crust, considered in a great chap. in.

scale, are every where the same, and that they invariably oc-
'—v—

'

copy the same situation with respect to each other. Werner
has therefore chosen this relative situation as th^basis of his

classification of rocks. He divides them into five classes.

The first class consists of those rocks which, if we were to

suppose each layer to be extended over the whole earth, would

in that case lie lowest, or nearest the centre of all the rocks

which we know, and be covered by all the other rocks. The
second class consists of those rocks which in that case would

be immediately above the first class, and cover them. The
third class would cover the second in the same manner; the

fourth the third ; and the fifth would be uppermost of all,

and constitute the immediate surface of the earth. The first

class of rocks are covered by all the rest, but never themselves

lie over any other. The others lie in order over each other.

These grand classes of rocks he has denominated formations,

and distinguished them by the following specific names

:

I. Primitive formations.

II. Transition formations.

III. Floetz formations.

IV. Alluvial formations.

V. Volcanic.

The primitive formations are of course the lowest of all,

and the alluvial constitute the very surface of the earth ; for

the volcanic, as is obvious, are confined to particular points.

Not that the primitive are always at a great depth under the

surface, very often they arc at the surface, or even constitute

mountains. In such cases the other classes of formations are

wanting altogether. In like manner the transition, and other

formations, may each in its turn occupy the surface, or con-

stitute the mass of a mountain. In such cases, all the subse-

quent formations which ought to cover them are wanting isi

that particular spot.

Each of these grand classes of formations consists of a

greater or smaller number of rocks, which occupy a determi-

nate position with respect to each other, and which, like the

great formations themselves, may often be wanting in parti-

cular places. Let us take a view of the rocks which compose
all these different formations.

timet of

rock*.
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Book nr.

Principal

formations.

Subordi-

nate.

Relative

CLASS I. PRIMITIVE FORMATIONS.

The rocks which constitute the primitive formations are
very numerous. They have been divided therefore into seven
sets; which constitute as many primitive formations, and are
distinguished each by the name of that particular rock which
constitutes the greatest proportion of the formation. These
seven sets of primitive formations are as following:

1. Granite. f5. Newest primitive porphyry.

2. Gneiss. 16. Sienite.

3. Mica-slate. 7. Newer serpentine.

4. Clay-slate.

The granite is the undermost, and the sienite the upper-

most of the primitive formations. Granite is scarcely mixed
with any other rock ; but in gneiss, mica-slate, and clay-slate,

there occur beds * of old porphyry, primitive trap, primitive

lime-stone, old serpentine, quartz rock. For that reason, these

rocks are said to constitute formations subordinate to gneiss,

mica-slate, and clay-slate. Gypsum occurs in beds in mica-

slate, and old flinty-slate occurs in the same way in clay-slate-

Hence they constitute formations subordinate to mica and
clay-slate. Thus, besides the seven principal primitive forma-

tions, there occur seven subordinate formations, interspersed

through the second, third, and fourth formations ; and topaz

rock, which lies over gneiss and under clay-slate, must be

added to the list : so that the primitive formations altogether

amount to fifteen.

If we suppose the nucleus of the earth to have been first

formed, and the formations to have been afterwards deposited

in succession upon this nucleus, it will follow that the lowest

formation is the oldest, and that the formations are newer and

newer according as they approach the surface. This sup-

position accounts for some of the names given to the primitive

formations,: That porphyry, for example, is considered as

the oldest which lies lowest down in the series of formations,

and those formations of porphyry which lie nearer the surface

are considered as newer. Granite, of course, according to

this way of speaking, is the oldest formation of all, while the

* When a mountain is composed of layers of the same kind of stone, it

is said to be stratified ; hut when the layers are of different kinds of stone,

it is said to he composed ol beds.
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r e - Older porphyry.

7. Primitive trap.

8. Primitive lime-stone.

Older serpentine.

10. Quartz.

1 1. Gypsum.
12. Older flinty-slate.

Table or

formations.
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alluvial are the newest of all. The following table exhibits a chap. m.

synoptical view of the primitive formations:

Principal.

1. Granite.

2. Gneiss.

3. Mica-slate.

4. Topaz rock.

5. Clay-slate.

13. Newer porphyry.

14. Sienite.

15. Newer serpentine.

Let us consider each of them in the order of the formations.

1. Granite.

Granite is the lowest of all the formations, and the basis c©m Po»i-

upon which the others rest. It is composed offelspar, (/uartz,

and mica ; each in a crystallized state, and cohering together

without any cement. The felspar is usually the most abundant

ingredient, and the mica the smallest in quantity. The co-

lour of the quartz and mica is usually grey; but the felspar

has a considerable variety of colours, occurring in different

shades of white, grey, red, and green. The size of the con-

stituents of granite varies considerably. Sometimes the grains

arc very large, and sometimes they are so small that the

granite has the appearance of a sand-stone. Sometimes it is

porphyritic, large crystals of felspar occurring in a basis of

line-grained granite. Sometimes this rock is distinctly stra-

tified, but in other cases no stratification can be perceived.

The unstratificd or massire granite is frequently composed of

large globular masses, each of which is composed of concen-

tric lamellar distinct concretions. The intervals between these

balls consist of a softer granite, subject to crumble down when
exposed to the action of the weather.

Besides the three constituents of which granite essentially Foreign

consists, other crystallized minerals occasionally occur in it,
,llInr^* l, •

though only in small quantities. These crystals are chiefly of

schorl; sometimes garnet and tin-stone.

Granite very seldom contains among its strata beds of anv
foreign rock. Beds of felspar alone have occasionally been
observed in it. It is not so rich in ores as some of the other

formations. Tin and iron are the metals which arc most
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Book m. abundant in it. Hitherto molybdena has been found chiefly

in granite. It contains also silver, copper, lead, bismuth,

arsenic, cobalt, tungsten, and titanium.

Newer gra- Besides the great granite formation which has been just de-

scribed, Werner recognizes a second ; which is supposed to

occur nearly in the same geognostic situation as porphyry and
sienite. The granite veins which traverse gneiss, mica-slate,

and clay-slate, belong to this information. There are several

particularities by which this newer granite may be distin-

guished from the other. It usually occurs in a lower level

;

it has commonly a deep red colour; contains garnets; and is

not porphyritic.

When granite is not covered by any other formation, it

forms high insulated cliffs and steep rugged rocks.

Granite occurs likewise in transition and even in fioetz

formations.

2. Gneiss.

Compoxi- Gneiss * is the formation which lies immediately over gra-

nite, and into which indeed it gradually passes. Gneiss con-

sists of the same constituents as granite; namely, felspar,

quartz, and mica : but it differs in its structure, being disposed

into slates from the prevalence of the mica. The texture of

the individual slates is granular. Hence the structure of

gneiss is granular slaty. Gneiss is always distinctly stratified.

It sometimes contains crystals of schorl ; but they are smaller

and much more uncommon than in granite. Tourmaline is

more common, and so likewise is garnet. It contains in it
Foreign '

1
• t» j

iinerais. many foreign beds, which is not the case with granite. Jtsecls

of three of the first six subordinate formations are found in

it. It is, perhaps, richer in metallic ores than any other for-

mation. Almost every metal occurs in it, either in beds or

veins.

When gneiss is not covered by any other formation, it forms

round-backed mountains, and likewise crags ; but less steep

and insulated than those composed of granite.

3. Mica-slate.

The formation which lies immediately over gneiss, and into

which it insensibly passes, is mica-slate. This rock, like the

preceding, is compound, and composed essentially of quartz

* The word gneiss is of Saxon origin, and was applied by the miners to

the decomposed stone which forms the walls of veins. Werner first gave it

the meaning which it now bears.
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And mica. Like gneiss it is slaty, but it differs from that chap. nr.

rock in containing no felspar. It is always stratified. It very

frequently contains garnet crystals in considerable quantity,

so as to give it a porphyritic appearance. Its structure is

then slaty porphyritic. It sometimes also contains crystals of

tourmaline, cyanite, and granatite. Felspar likewise occurs

in it occasionally
;

not, however, as a constituent, but in

kidney-form and irregular masses. Like gneiss, it contains F0reig»

many foreign bodies (older porphyry, primitive trap, primi- mi ',eraU-

live lime-stone, older serpentine, and gypsum, occur in it.)

It is rich in ores; containing beds of magnetic iron-stone,

pyrites, galena, copper pyrites (containing gold), blende, cin-

nabar, cobalt glance, magnetic pyrites, and sometimes even

native gold. It abounds also in metalliferous veins.

4. Clay-slate.

Mica-slate gradually passes into clay-slate, the formation

immediately over it. Clay-slate consists essentially of the

mineral described in the preceding chapter under that name.

This rock is always slaty and always stratified. When it ap-

proaches mica-slate, grains of quartz, and also of mica, may
be distinguished in it. Occasionally also it contains crystals

of felspar, schorl, tourmaline, garnet, and horn-blende.

Under the name of clay-slateformation is included not only compre-

clay-slate, strictly so called, but likewise chloritc-slatc, tab - j£°y*
0
* T,~

slate, whet-slate, drawing-slate, and alum-slate; all of which
occur along with pure clay-slate, are similarly stratified, and
gradually pass into it and into each other, and therefore are

considered as only constituting a part of the same formation

:

but these substances affect a particular order. The following

table exhibits that order, beginning with the lowest or oldest,

as it is called, and terminating with the uppermost or newest

:

1. Light yellowish-grey clay-slate. Their rei»-

2. Dark-grey clay-slate. Zl!^'
3. Green clay-slate.

4. Chlorite slate and potstone.

5. Talc-slate.

& Whet-slate.

7. Bluish-grey clay-slate.

8. Red clay-slate.

9. Drawing-slate.

10. Alum-slate.
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Book nr. Besides these different beds, which are considered as con-
^~£

x

' stituting the clay-slate formation, it contains also beds of all
miuerais.

t^e e\„[^ subordinate formations. It contains also a consi-

derable number of metallic ores in beds; as iron pyrites,

copper pyrites, arsenic pyrites, cobalt, galena, &c. It contains

also a variety of mineral veins.

Clay-slate occurs likewise in transition formations.

Having now described the four first primitive formations,

let us proceed to the subordinate formations
;
taking topaz

rock along with them, on account of its rarity. These are

the older porphyry, primitive trap, primitive lime-stone, older

serpentine, quartz, topaz rock, gypsum, and primitive flinty-

slate.

5. Older Porphyry.

By porphyry, as defined by Werner, is to be understood

a rock consisting of a basis or ground of some compact mi-

neral, and in this ground are interspersed crystals of some
other mineral. The ground or basis varies in different por-

phyries. Sometimes it "is clay-stone, sometimes pitch-stone,

Species. &c. ; the porphyry is named from this basis. The following

are the species of porphyry that have been described

:

1. Clay porphyry. 5. Sienite porphyry.

2. Horn-stone porphyry. 6. Obsidian porphyry.

3. Felspar porphyry. 7. Pearl-stone porphyry.

4. Pitch-stone porphyry.

The crystals interspersed through the different bases are

commonly felspar, sometimes quartz, and sometimes horn-

blende and mica ; but the two last are uncommon, especially

the mica.

Two forma- There are two very different formations of porphyry: the

ph"o°
r

P

° r

' fi^t is found in beds in gneiss, mica-slate, and clay-slate;

whereas the second always lies over all these formations.

Hence the first is distinguished by the name of older, and the

second is called newer porphyry* It is the first of these that

we are to consider at present,

oidcr. The basis of the older porphyry is usually a species of

horn-stone, and sometimes felspar ; and the crystals which

occur in it arc felspar and quartz. Hence the older porphyry

consists chiefly of horn-sione porphyry, and felspar porphyry.

When not covered by other formations it sometimes forms

single rocks, but never large mountains.
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G. Primitive Trap.

The word trap is Swedish, and signifies a stair. It was ch»P . nr.

applied by the Swedish mineralogists to certain rocks, whose oT^ui^
strata when exposed, from the one jutting out under the other,

gave an appearance somewhat like a stair. The term was

adopted by other nations, and was applied indiscriminately

to a great variety of rocks, which bore a certain resemblance

to each other. This generalization introduced much confu-

sion into the subject, which was first cleared up by Werner
and his disciples. Under the term traps Werner comprehends

certain series of rocks, distinguished chiefly by ihe hornblende, ^
which they all contain. In the most ancient, the hornblende IS mitiois.

almost pure: this purity gradually diminishes, and in the most

recent traps the hornbleude degenerates to a kind of indurated

clay. There are, then, three formations of trap: 1. Primitive

trap; 2. Transition trap ; & Floetz trap. The first only oc-

cupies our attention at present.

The primitive trap formation contains a considerable num- Piimitire.

ber of rocks; which, occurring in different parts of the earth

in similar situations, and as it were substituted for each other,

are considered altogether as constituting only one formation. *rck' be"

The following table exhibits list of the rocks belonging to "-

D

this formation :

I. Hornblende.

1. Granular or common hornblende.

2. Hornblende slate.

II. Hornblende and felspar united.

i. Granular.

1. Common green-stone.

2. Porphyritic green-stone.

3. Green-stone porphyry.

4. Green porphyry.

ii. Slaty.

1. Green-stone slate.

III. Hornblende and mica united.

1 . Porphyritic trap.

The first two of these rocks consist essentially of the mine-
rals described in the last chapter under the names of common
liomblende and hornblende slate. The latter sometimes passes
into fine slaty gneiss and into chlorite slate.

Common greenstone \s composed of hornblende and felspar,
both in the state of grains or small crystals, and the horn-
blende usually constitutes by far the greatest proportion of the

VOL. III. 2 0
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mass. The felspar is almost always tinged green from the
hornblende. This rock sometimes contains a little mica;
sometimes it is intersected by small veins of quartz and acti-

nolite; and sometimes also, though less frequently, of felspar

and calcareous spar.

Porphyritic green-stone, like the preceding rock, is a com-
pound of granular hornblende and felspar; but it contains

likewise large crystals of felspar and quartz, interspersed

through the green-stone ground.

Green-stone porphyry {black porphyry of the antiquary) is a
rock consisting of granular green-stone, so small-grained that

at first sight it has the appearance of being a simple stone

;

containing in it large crystals of felspar, coloured green from
hornblende.

Green porphyry (the verde antico serpentine) is a rock which
has for its ground a mixture of hornblende and felspar, so

intimate that the two ingredients cannot be distinguished by
the naked eye, and having a blackish-green or pistachio green

colour. This trap contains greenish-coloured felspar crystals,

often cruciform.

Green-stone slate is a rock composed of hornblende and

felspar, and sometimes a little mica, and having a slaty tex-

ture. It is very hard
;
but, like the other species of green-

stone, soon withers when exposed to the air.

Porphyritic trap is a rock composed of an intimate mixture

of hornblende and felspar, containing in it large plates of

mica, which give it a porphyritic appearance.

All the rocks of the primitive trap formation are charac-

terized by containing a mixture of iron pyrites. Their stra-

tification is indistinct
;
and, indeed, if we except green-stone

slate and hornblende slate, usually not perceptible. When
primitive trap is not covered by any other formation, it con-

stitutes considerable hills and cliffs. It abounds in ores,

especially green-stone slate.

7. Primitive Limestone.

Lime-stone occurs in all the four grand classes of forma-

tions, but it assumes a peculiar and characteristic appearance

in each. In the primitive it is distinctly crystalline and trans-

parent. The crystalline texture gradually becomes less and

less distinct, as the formations advance, till at last the lime-

stone assumes the appearance of an earthy deposite.

Primitive lime-stone occurs usually in beds, and seldom

forms entire mountains. Its colour is usually white, some-
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times it is grey, but very seldom assumes any other colour. cb»P. iil

It is the species of lime-stone described in the preceding F0re£n
chapter under the name of granular foliated. It sometimes

contains in it quartz, mica, hornblende, actinolite, garnet,

tremolite, talc, clay-slate, serpentine, asbestus, blende, galena,

common and magnetic pyrites, and magnetic iron-stone. The
ores are usually found at the lower part of the beds of lime-

stone. It is sometimes stratified, and sometimes not. When
not covered by any other formation, it forms steep bare

rocks ; and when it occurs in considerable quantities, often

contains caverns.

8. Older Serpentine.

The serpentine formation consists essentially of the mineral

described under that name in the preceding chapter. Two
subspecies were there described; namely, the common and

precious serpentine. The latter (at least chiefly) constitutes

the formation at present to be described. It occurs, like the

other subordinate primitive formations, in beds in gneiss,

mica, and clay-slate, and alternates with lime-stone. It is

seldom stratified. It contains in it galena, and auriferous

arsenic pyrites.

9. Quartz.

Quartz occurs in beds, and in no great quantity. It is

usually granular and of a white colour; sometimes it con-

tains a mixture of mica, which gives it a slaty texture. It is

very often unstratificd j but as it abounds in rents, these have

often been mistaken for strata.

10. Topaz Rock.

The rock which constitutes this formation is very rare,

having been observed only in Saxony, where it constitutes a

mountain. There it rests on gneiss, and is covered by clay-

slate. It is composed of three ingredients
;

namely, fine

granular quartz, schorl, in thin prismatic distinct concretions,

and topaz almost massive. These are arranged in thin layers,

and these again into roundish and granular distinct concre-

tions, so that the rock is slaty granular. The intervals be-

tween these concretions are filled up with a yellowish or

greenish-coloured lithomarge.

11. Gypsum.

Gypsum was formerly believed to be peculiar to the floetz

formations; but an immense bed of it has lately been disco-

2 o 8
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Book in. vered in Switzerland in mica-slate. This primitive gypsum is
v""~v-"'

;

characterized by containing mica and clay-slate.*

12. Trhnitive Flinty-slate.

This rock consists essentially of the mineral described in

the last chapter, under the name of flinty-slate. It is often

traversed by veins of quartz. There are two formations of it;

namely, the primitive, which occurs in beds in clay-slate, and
another which belongs to the transition formations.

Having now described the eight formations which are su-

bordinate to gneiss, mica, and clay-slates, let us proceed to the

remaining primitive formations, which always cover clay-

slate, and are therefore considered as newer than it. These
are the newer primitive porphyry, sienite, and the newer
serpentine.

13. Newer Porphyry.

To this formation belong the following species ofporphyry;

namely, clay porphyry
,
pitch-stone porphyry, obsidian porphyry

pearl-stone porphyry, and sometimes felspar porphyry. Clay

porphyry is by far the most common. To this formation

also belongs clay-stone, a mineral described in the preceding

chapter. It constitutes the basis of clay porphyry, and fre-

quently occurs without any crystals of felspar or quartz. To
it we must also refer a kind of breccia porphyry, composed

chiefly of fragments of hornstone porphyry and felspar

porphyry.

In the rocks belonging to this formation, it is common to

find round masses of a harder and more flinty stone than the

mass of the rock itself. Thus in clay porphyry we find masses

of horn-stone porphyry, containing in their centre a kernel

of calcedony ; in pitch-stone porphyry we find masses of con-

choidal hornstone, with a quartz kernel in the centre. Agate,

calcedony, heliotrope, amethyst, and quartz, often occur either

in plates, thin beds, veins, or irregular masses : sometimes

also the precious opal is found in this formation occupying

clefts. It contains also a variety of ores, as of gold, silver,

lead, iron, tin, manganese, &c. ; but hitherto they have been

discovered only in veins, and never in beds.

* It was first observed by Freisleben at the bottom of St. Gothard.

D'Aubuisson observed a bed of it in mica-slate in a mountain between

the valley of Cognc and Fcnis in the High Alps. Jour, de Phvs. lxv. 402.
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This formation lies over all the preceding, and consists of ckap.m.

beds more irregular, and more interrupted. It extends very v '

widely. Hitherto it has scarcely been discovered stratified.

When it composes hills, they are often split into columns

like those of basalt.

li. Sienite.

This rock occurs usually along with porphyry ; and when

they are both together, the sienite generally forms the upper-

most part of the hill.

Sienite is a rock composed essentially of felspar and horn-

blende, the same constituents which form green-stone ; but

in sienite the felspar is the prevailing ingredient, whereas in

green-stone it is the hornblende. In sienite the felspar M
usually red, and very seldom has a tinge of green, whereas

in green-stone the felspar is never red, but almost always

greenish-white. The structure of sienite is granular, and the

grains vary greatly in size: sometimes small-grained sienite con-

tains in it large crystals of felspar ; it is then called porphyrinic

sienite. When the two ingredients that constitute sienite are

so small, and so intimately mixed, that they cannot be dis-

tinguished by the naked eye, and when such a rock contains

crystals of fel»par and quartz, it is denominated sienite porphyry

.

Sienite, like porphyry, contains few foreign beds; but it is

rich in ores, containing gold, silver, iron, tin, copper, lead,

&c. always however in veins.

Tlie rocks of sienite arc often divided into columns. Like

the newer porphyry it often occurs in round masses.

15. Newer Serfwitine.

This formation consists of the rock composed essentially of

the mineral called common serpentine. It bears a striking

resemblance to the newer porphyry formation, and occurs in

similar situations ; but whether it covers it, is covered by it,

or comes in place of it, has not hitherto been ascertained in

a satisfactory manner. It sometimes contains steatite, asbes-

tus, talc, meerschaum, native magnesia, pyrop, and schillcr-

stone. It is seldom or never stratified, and except magnetic

iron-stone contains scarcely any ore.

Such is a sketch of the rocks constituting the primitive Remuta.

formations. It deserves attention, 1. That the rocks con-

stituting them are all chemical combinations, and generally

cry>tallized ; the crystallized appearance being most striking

in the oldest, and gradually becoming less perfect in the
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;

V ^ , '*^/

S. That the oldest formations contain no carbonaceous mat-

ter, and that it occurs only very sparingly in the primitive

formations. Slaty glance coal and graphite occur in them.

4. That when we compare together the height of the different

formations, where each individual is not covered by any suc-

ceeding one, we find that granite stands highest of all ; that

the level of the^Tzeksis a little lower; that of the mica-slate

still lower; and that of the clay-slate lowest of all. So that

there is a regular sinking of the level from granite to clay-

«late ; but the newer porphyry and sienite are laid over the

tops of the preceding, as if these two formations had been

deposited long after the formation of the rest. Nay, there is

often interposed between the porphyry and these formations,

a bed of breccia, composed of fragments of the anterior for-

mation. 5. That almost all the rocks which contain magnesia

are confined to the clay-slate formation.

CLASS II. TRANSITION FORMATIONS.

Having described the primitive formations, let us now pro-

ceed to the second great class, the transition, which lie imme-

diately over them. These are by no means so numerous, since

they consist of the following sets ;
namely,

1. Granite. 5. Transition flinty-slate.

2. Greywacka. 6. Dialage rock.

3. Transition lime-stone. 7. Gypsum.

4. Transition trap.

They all alternate with each other, sometimes one, sometimes

another being undermost, except one bed of transition lime-

stone, which seems always to rest upon the primitive forma-

tions, and may therefore be considered as the oldest of the

transition formations.

It is in the transition rocks that petrifactions first make

their appearance; and it deserves particular attention that

they usually consist of species of corals and zoophites, which

do not at present exist, and which therefore we must suppose

extinct. The vegetable petrifactions are likewise the lowest

ftm*ta? in tliat kingdom, such as ferns, &c. This remarkable cir-

cumstance has induced Werner to conclude, that the transi-

tion rocks were formed after the earth contained organic

beings. Hence the name transition, which he has im-

posed, as if they had been formed when the earth was
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passing from an uninhabited to an inhabited state. The date chap, m.

of their formation is conceived to be very remote, since the

petrifactions which they contain are the remains of animal

and vegetable species now extinct. It is in the transition

rocks, too, that carbonaceous matter makes its first appearance

in any notable quantity.

1. Granite.

Granite lias been discovered in different places, lying over

rocks that contain petrifactions. And as these rocks belong

to the transition class, we are entitled to infer that the granite

lying over them is likewise transition. I found the granite

of St. Michael's Mount, in Cornwall, alternating with beds

of clay-slate. This clay-slate may be traced from Plymouth

to St. Michael's. Now at Plymouth it alternates with transi-

tion lime-stone containing petrifactions. Therefore the St.

Michael's granite must be transition. Von Buch found granite

covering lime-stone containing petrifactions near Christiania

in Norway.
2. Greywacka.

This formation consists of two different rocks, which usually

alternate with each other, and pass into each other. These

are qreywucka, and sjrii/ti acka-slale. The first characterizes

the formation.

Grvywcicka is a rock composed of pieces of quartz, flinty-

slate, felspar, and clay-slate, cemented together by a basis of

clay-slate. The pieces arc sometimes ns large as a hen's egg;

sometimes so small that they cannot be perceived by the naked

eye. The clay-slate basis likewise varies in quantity consider-

ably. It often contains soft plates of mica, and quartz veins

are very common in it; sometimes it is so hard that it appears

indurated by some siliceous cement. The texture of grey-

wacka becomes gradually finer and finer grained, till at last it

can no longer be perceived, and a slaty structure succeeds. It

then passes into greywacka-slate.

Greyu acka-slate is nothing else than a variety of clay-slate j

but it may be distinguished from primitive slate by different

circuii.>tancea. Its colour is usually ash or smoke-grey, seldom

showing that greenish or light yellowish-grey colour which is

so common in primitive slate. It does not show the silvery

uninterrupted lustre oi primitive slate, but is rather glimmer-

ing, from interspersed scales of mica. It contains no beds of

quartz, but very often veins of that mineral. It contains no
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crystals of felspar, schorl, tourmaline, garnet, or hornblende;

nor beds of garnet, chlorite-slate, talc, or magnetic iron-stone.

It contains petrifactions.

Foreign mi- Tne greyvvacka rocks are stratified. When not covered by

any other formation, they form round-backed hills, usually

insulated at top and intersected by deep valleys. It contains

immense beds of transition lime-stone, trap, and flinty-slate.

It is rich in ores, both in beds and veins, and the veins are

often of an uncommonly large size.

3. Transition Limestone.

This, like primitive lime-stone, is a simple rock ; but it ap-

proaches more to compact, and is less transparent than the

primitive. It contains often veins of calcareous spar, and ex-

hibits a variety of colours, which gives it a marbled appearance.

It contains marine petrifactions of corals and zoophites, which

no longer exist, and which do not occur in the subsequent

lime-stone formations. These petrifactions increase in quan-

tity as the beds of transition lime-stone advance farther and

farther in their position from the primitive formations. It is

often mixed with greywacka-slate, which gives it a slaty tex-

ture. It occurs in beds of greater and smaller size, and often

forms whole mountains. It contains no foreign beds except

of transition trap. It is scarcely stratified. It is rich in ores.

The species of lime-stone called lucullite usually characterizes

the transition formations.

4. Transition Traps.

This formation, as the name imports, consists of rocks dis-

tinguished by the great proportion of hornblende which they

contain. It comprehends four species of rocks
;
namely,]

nock* in . 1- Transition green-stone.

cluded - 2. Amygdaloid.

3. Porphyritic transition trap.

4. Globular trap (kugcl fels),

Transition green-stone is a rock composed of fine granular

horneblcndc and felspar intimately mixed together, and not so

distinctly crystallized as in primitive green-stone. Sometimes

the mixture is so intimate, that the two minerals cannot be

distinguished. In that state it often becomes loose in its tex-

ture, and approaches ivacka and basalt. In this last case it
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often contains vesicles. When these are filled up with other chap. ui.

minerals, the rock passes into amygdaloid.

Amygdaloid is nothing more than this last state of green-

stone. The vesicles are filled up with calcareous spar, calce-

dony, quartz, jasper-agate, green-earth, amethyst, &c. either

completely or partially.

Sometimes the transition green-stone, in this softened state,

contains crystals of felspar coloured green by the hornblende.

It then constitutes phorphyritic transition trap.

Globular trap is a fine granular hornblende rock of a loose

texture, and tending very strongly to clay ; of a liver-brown

colour, and containing in it globular masses composed of con-

centric lamellar concretions, and containing a hard kernel.

The transition trap rocks arc only doubtfully stratified.

They alternate with the other transition formations in beds, and

sometimes compose whole mountains. Common and lenticular

clay-iron-stone occurs in it in beds.

5. Transition Flinty-slate.

This formation consists essentially of common flinty-slate

and Lydian-stone, which pass into each other. It is a simple

stone, but is characterized by containing many veins of quartz.

It is not stratified. W hen it constitutes rocks they arc usually

steep, and appear very much lacerated and worn down by the

weather. This is occasioned by the numerous rents which

this species of rock contains.

To this formation seems to belong ribbon jasper, which

sometimes constitutes whole rocks. It mav possibly occur

also in some of the subsequent formations.

6. Diallage Rock.

This beautiful rock consists essentiallv of masses or crystals

of diallage and saussurite mixed together, like granite. Pieces

of serpentine often occur in it also, which adds greatly to the

beauty of the rock. It was observed long ago in the Alps and

in Italy, where it is known by the name of gabbro. Von Buch
found it near Christiania ; and I observed it in the peninsula

of the Lizzard in Cornwall, where it is associated with transi-

tion green-stone, and serpentine.

7. (hjpsum.

Von Buch observed a bed of gypsum in greywacka at Lco-

jfang in Salzburg. Brochant has examined the different gyp-
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sum beds in the Alps, and has satisfied himself that they all lie

in transition formations. Indeed it seems at present doubtful,

whether any real primitive gypsum has yet occurred.

CLASS III. FLOETZ FORMATIONS.

The next grand class of formations have received the name
ofjloetz, because they lie usually in beds much more nearly

horizontal than the preceding. When not covered by a suc-

ceeding formation, they form hills which do not rise to the

same height as the primitive or transition. They contain

abundance of petrifactions ; and these much more various in

their nature than those which occur in the transition forma-

tions, consisting of shells, fish, plants, 8cc. indicating that they

were formed at a period when organized beings abounded.

The floetz formations lie immediately over the transition.

They comprehend a great number of individual formations,

each of which affects a particular situation. The following

table exhibits a view of these different formations in the order

of their position, as far as is known :

Table of the I. Old red sand-stone and floetz trap,

formation*. 2 Independent coal.

3. First floetz lime-stone.

4. First floetz gypsum with rock salt.

5. Variegated sand-stone.

6. Second floetz gypsum.

7. Second floetz or shell lime-stone.

8. Third sand-stone or free-stone.

9. Chalk.

10. Newest floetz trap.

The last formation, the newest floetz trap, lies over the rest,

pretty much as the newer porphyry and sienite do over the

older primitive formations.

1 . Old Red Sand-stone.

This formation lies immediately over the transition, or,

where they are wanting, over the primitive rocks. Hence it

is considered as the oldest of the floetz formations.

Sand-stone is composed of grains of quartz, or some other

siliceous stone, cemented together by some basis, and can only

be considered as a mechanical mixture. The cement is some-

times clay, sometimes quartz, lime, marl, &c. and the sand-

stone is named, in consequence, argillaceous, siliceous, calca-
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reous, marly, &c. This cement varies much in quantity, but chap. in.

never predominates ; sometimes it is too small in quantity to

be perceived. The size of the grains is no less subject to varia-

tion ; when they are large the rock is sometimes called pudding-

stone.

The old red sand-stone has usually a red colour. Its grains

are large. They consist of quart/, flinty-slate, &c. cemented

by iron-shot clay. It is distinctly stratified, and contains few

ores. Cobalt, however, occurs in it; and it is often impreg-

nated with copper, from the formation which lies over it.

1. Independent Coal Formation.

In Great Britain, where coal occurs in greater quantity than

in any other country, it seems very generally to lie over the

old red sand-stone. This at least is the case in the north of

England and in Scotland. It is deposited in detac hed patches,

usually in vallies over the red sand-stone, or over the transi-

tion formation when the red sand-stone is wanting. These

patches, in general, have no connexion with each other.

Hence the epithet independent, by which the formation is dis-

tinguished : but they are found in considerable quantities in

the most distant parts of the earth, Europe, America, New
Holland, and always similarly situated with respect to the

other formations. Coal occurs in it in great abundance;

though in the preceding formations it is very scarce, and in-

deed is only found in thin individual beds. Hence it is con-

sidered as characterist ic of this formation. The rocks of w hich

(not reckoning the coal) this formation is composed are the

following

:

Saiul-stonc. Lime-stone. Hoeksb©-

Coarse conglomerate. Marl. loDg iOC uii.

Slate- clav. Clay iron-stone.

Bituminous shale. Porphyritic-stonc.

Indurated clay. Green-stone.

Layers of these rocks alternate a great many times with each

other, anil in them the coal occurs in numerous beds, varying

extremely in thickness. The subspecies of coal which occur

in this formation are coarse coal, foliated coal, cannel coal, slate

coal, and a little pitch coal.

All the different rocks of which this formation is composed incindei «

seldom or never occur together. Hence it is presumed, that d"aL,7o^'

there are several subordinate formations belonging to the in- a*tioM-
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V

* ' spect to each other. Three such formations have been cha-
racterized. The oldest or lowest is composed of beds of in-

durated clay, lime-stone, marl, porphyrilic stone, slate-clay,

bituminous shale, green-stone, and soft sand-stone, and is charac-

terized by containing in it some metallic ores. These are ores

of copper, iron, lead, and perhaps also mercury. The second

is composed of beds of indurated clay, marl, lime-stone, and
porphyrinic stone. It contains some pyrites, but no other ore.

The third, or newest, is composed of soft sand-stone, conglo-

merate, and slate-clay, and contains no ore.

The sand-stone of this formation consists usually of grains

of quartz, differing in size, and cemented by a calcareous or

argillaceous, and sometimes even a siliceous basis. Its colour

is various, though most commonly grey, and it often contains

very thin seams of coal interspersed through it. It is often

employed in building.

The conglomerate consists of fragments of lime-stone, quartz,

greywacka, &c. cemented together by a basis of clay.

The slate-clay, bituminous shale, and indurated clay, are the

minerals described in the last chapter under these names.

The lime-stone belongs to the compact subspecies, has a splin-

tery fracture, and is scarcely translucent on the edges.

The marl and clay iron-stone are the minerals described in

the preceding chapter under these names. The green-stone

belongs to the species which occurs in the floetz trap rocks,

to be described immediately. The porphyritic stone, I pre-

sume, consists of a clay basis, containing crystals of felspar.

The rocks belonging to this formation are very distinctly

stratified. Abundance of petrifactions occur in it, especially

in the sand-stone and bituminous shale. They arc chiefly of

vegetables; ferns, reeds, Sic. are the most common. Those

in the sand-stone are usually rather casts of vegetables than

real petrifactions. They seem often to resemble palms, &c.

;

but none of them have been distinctly referred to any vegetable

species at present existing.

3. First Floetz Limestone.

Floetz lime-stone is usually of a grey colour; its fracture is

compact; it has no lustre, and is only translucent on the

edges. Sometimes, indeed, thin beds of granular foliated

lime-stone occur in it; but they contain petrifactions, which

distinguish them from primitive lime-stone. Floetz lime-stone
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is well characterized by the masses of horn-stone and flint chap. nr.

which it contains.
v

The first floetz lime-stone formation lies over the old red Foreign

sand-stone, and is well characterized by a bed of bituminous

marl-slate, containing copper, which is peculiar to it. This

bed is always situated lowest, and therefore immediately con-

tiguous to the sand-stone. It contains but few petrifactions

;

and when thev occur thev are in the undermost strata, and in

the bituminous marl bed. They consist chiefly of fish. Vari-

ous beds of marl occur in this formation, and likewise a species

of vesicular lime-stone, known in Germany by the name of

ranch wacke.

#. First Floclz Gypsum.

Gypsum, in general, may be considered as a simple rock; .

sometimes, however, it contains crystals of boracitc, arragonite,

and quartz. Sulphur is likewise found in it, both disseminated

and in compact masses. There are two formations of it.

The first floetz gypsum lies immediately over the first floetz

lime-stone. It consists chiefly of foliated and compact gyp-
sum, together with a good deal of sclenite. It is in this for-

mation that swine-stone occurs, either in beds or mixed with

the gypsum. Rock salt also belongs to it, and appears to lie Rock uit

over it in short thick beds, being usually mixed with a species *p
r

d

inp
U

of saline clay. Hence the saline springs, which obviously ori-

ginate from rock salt, arc likewise peculiar to this formation.

5. Variegated Sand-stone.

This formation lies immediately over the preceding. The
rock which composes it consists of a fine granular argillaceous

sand-stone, usually of a green, brown, red, and white colour.

Several of these colours alternate in stripes, which rivet the

stone a variegated appearance. Hence the name. It often minemk.

contains masses of a fat clay, of a greenish, reddish, or yellow-

ish colour.

This formation is characterized by two species of rocks,

which occur in it in beds. These are, 1. The subspecies of
lime-stone described in the last chapter under the name of roe-

stone ; and, 2. Sand-stone slate. The first is almost peculiar

to this formation; but the second is found also, though in
• 'ft

small quantity, in the old red sandstone. It consists chiefly of
fine micaceous scales, forming a slaty texture, and having ge-
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Book in. nerally thin layers of fine granular sand-stone interposed be-
v— tween them.

6. Second Floeiz Gypsum.

This formation lies over the preceding in beds, and is some-

times, to a certain degree, mixed with it. It contains foliated

gypsum, but scarcely any selenite, and no swine-stone ; and is

characterized by the fibrous gypsum, of which it is in a great

measure composed. It is of no great extent; and like the first

floetz gypsum, is destitute of petrifactions.

7. Second Floetz Lime-stone, or Shell Lime- stone.

This formation is separated from the first floetz lime-stone

by the beds of older gypsum, of variegated sand-stone, and of

second gypsum ; which constitute the third, fourth, and fifth

formations. It is characterized by the vast number of shells

which it contains in the state of petrifactions. It contains

little marl ; and only individual beds or seams of coal occur

in it, so small as not to be worth working. In many places

flint and horn-stone are found in it ; sometimes in small beds,

sometimes in plates, and sometimes massive or in roundish

pieces. Particles of galena are likewise found scattered

through it.

8. Third Sand-stone, or Free-stone.

Though the relative position of this formation has not been

well ascertained, yet it is known to cover all the preceding,

and therefore to be much newer than either the first or second

sand-stone formations. It consists mostly of a sand-stone of

a white colour, well adapted for building. It contains traces of

coal, but no sand-stone slate, nor roe-stone; and gypsum

never occurs either immediately over or under it. It is usually

stratified, and contains natural rents or seams, which cross

each other at right angles; the one parallel to the stratifica-

cation, the other perpendicular to it, so that it can be easily

qttftrried into large square blocks. This indeed is a character

that in some measure applies to all the sand-stones. When
not covered by any other formation, it forms beautiful hills

and romantic valleys.

0. Chalk.

Chalk occurs in great abundance in England and the

northern parts of France. In England there occur about ten

beds between the lias limestone and the chalk. These consist
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of marl, clay, sand, and lime-stone. Immediately under the cksp. irr.

chalk there is usually a bed of green-coloured sand, of no
^~v"—

^

great thickness.

Chalk contains numerous beds of nodular flint, often full of

vesicles. Various petrifactions of echinites, belemnites, See.

occur in it. It is indistinctly stratified, and forms beautiful

round knols and hills of very small height. Pyrites is some-

times found in it, but scarcely any other metallic ore.

10. Newest Floetz Trap.

Beds of floetz trap occur in the old red sand-stone, and per-

haps also in other situations. But those called newest Jioetx

trap cover the other floetz rocks, precisely as the newer por-

phyry and sienite do the primitive. The level of the uncovered

floetz formations becomes gradually lower, in the order in

which they have been described; but that of the floetz trap is

high, as it covers them all, and often forms the summit of

hills whose lower part consists of older formations. The rocks

belonging to the floetz trap formations are of two kinds;

namely, those which are peculiar to it, and those which occur

also in other formations. The following arc the rocks peculiar

to this formation

:

Wacka. Porphyry slate. nuk,^
Iron-clay. Grey-stone. cniiareo

Basalt. Amygdaloid. tioa.

Pitch-stone. Trap tulf.

Green-stone

Basalt claims the first place, as it characterizes the floetz

formation. It consists essentially of the mineral described in

the last chapter, under the name of basalt, for a basis, con-

taining crystals of basaltic hornblende, augite, olivine, and
iron-sand, which give it a porphyritic structure. It contains

also vesicles, which are filled with zeolite, calcareous spar, li-

thomarge, &c. The vesicles are sometimes filled with water.

Sometimes it passes into wacka; sometimes into grey-stone;

and sometimes, though rarely, into porphyry slate.

Wacka is sometimes the simple mineral described under that

name in the preceding chapter. Sometimes it contains basaltic

hornblende and mica, which give it a porphyritic appearance;
sometimes it is spotted, from crystals which it contains. It

passes sometimes into clay ; sometimes into basalt. The iron-

clay likewise has been described in the preceding chapter.
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Booitin. Pitch-stone was first observed in this formation by Professor

Jameson. It is distinguished from that which occurs in the

older rocks by the following circumstances. Its colours are

usually black or green ; it is composed of lamellar distinct

concretions, and it contains crystals of glassy felspar, or rneio-

nite as it is called.

Porphyry-slate is much less common than basalt; but where
it does occur it usually forms considerable hills. This rock is

slaty in the large, compact and splintery in the small. The
basis of it consists of clink-stone; the crystals which it con-

tains are of felspar and hornblende. It contains also zeolite,

iron-sand, and some minerals not yet described.

Grey-stone is still less common than porphyry slate. It ap-

pears to consist of an intimate mixture of much white felspar

and a little black hornblende. This basis contains aug-ite and

olivine.

Floetz green-stone is an intimate mixture of grains of felspar

and hornblende. It is distinguished from primitive and tran-

sition green-stone by the more intimate mixture and less crys-

tallized appearance of the constituents. It passes into basalt.

Amygdaloid has for its basis sometimes wacka ; sometimes a

fine granular green-stone, frequently already somewhat de-

composed. The vesicles which it contains are filled with

green earth, lithomarge, steatite, &c. Sometimes they re-

main empty; sometimes this basis contains crystals of horn-

blende, &c. which gives the rock both a porphyritic and

amygdaloidal structure.

Trap-tuff consists of fragments of floetz trap and other

rocks, cemented by a basis of alluvial clay.

The minerals which this formation contains, in common
with others, are not so numerous as the preceding. They arc

the following

:

Other ml- Sand. Lime-stone,
nerau con- Quartzy sand-stone. Coal.
tamed. J

Clay.

The grains of sand arc of all degrees of magnitude. The
clay sometimes contains schaum earth. The coal consists

chiefly of the following subspecies : common brown coal, bitu-

minous ivood, and pitch coal. Sometimes, though seldom,

glance coal and columnar coal occur in this formation.

The lowest bed of the first floetz trap formation consists of

sand, which becomes gradually finer and finer as we approach
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the upper part of the bed ; at last it becomes clayey, and Ch»p. in.

gradually passes into indurated clay. Over this lies a bed of

wacka, into which the clay gradually passes. The wacka, in

its turn, passes into basalt ; and the basalt into green-stone,

grey-stone, or porphyry-slate, which constitute the uppermost

part of the formation : so that the lowest part of this formation

consists entirely of a mechanical deposite, while the uppermost

part has the appearance of a chemical compound. Instead of

the sand, we sometimes find the quartzy sand-stone, as if the

sand had been united together by siliceous cement.

When coal occurs in this formation it commonly lies under

the basalt. In these cases, beds of sand, clay, wacka, basalt,

&c. are found in several repeated series.

All the rocks of this formation seldom or never occur to-

gether; sometimes one, sometimes more, are wanting. They
are commonly horizontally stratified, and form conical, insu-

lated rocks, often flat at the top. This formation extends over

the whole earth, but the beds are broken and interrupted, so

as to cap detached mountains, or fill up hollows, but all simi-

larly situated with regard to each other. It is the newest of

the floetz formation*, as it covers not only the older, but like-

wise even the newest floetz formations.

Besides these formations, there appear to be several others

not yet described. I low far these are universal or limited to

particular spots has not yet been decided. Thus in the envi- Fomutiom

ions of Paris, the lowest rock known consists of chalk in very
nea'

thick beds. Over the chalk lie about 1 1 beds of various sub-

stances, nearly in the same order and thickness in all the hills

in the neighbourhood. These beds are obviously newer than

the chalk; and they differ in their nature from all the floetz

formations above described. An excellent account of these

beds has been published by different mineralogists in Paris,

especially de la Metherie, and Cuvier and Brogniart. The fol-

lowing arc these beds arranged according to their position,

beginning with the lowest in the order, and terminating with

that at the surface of the earth.

1. Clay.

2. Lime-stone.

3. Plaster, or a mixture of gypsum and limestone.

4. Marl and adhesive slate.

5. Plaster.

6. Marl and adhesive slate.

7. Plaster.

vol. m. 2 r
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8. Marl and adhesive slate.

9. Clay containing sulphate of strontian in nodules.
10. Marl.

11. Sand.

1. The bed of clay is about 30 feet thick ; but it varies in

thickness in different places. It contains very thin beds of
sand, and a kind of bituminous matter is found in it which
burns when heated, and emits a smell like coal.

2. The lime-stone differs in its appearance, but the greatest

part of it is a species of roe-stone full of small shells. It is

the stone employed for building in Paris. At first it is very

soft, but it hardens by exposure to the air. It is subject to

moulder down, and hence the decay observable in several of

the public buildings of that capital. A stone nearly similar

occurs in the neighbourhood of Bath, and is there employed as

a building stone. It is not improbable, from this circumstance,

that formations similar to those at Paris occur near Bath.

3. Over the lime-stone lies a bed of plaster about 16 feet

thick, called by the workmen the low mass. It is mixed here

and there with marl and adhesive slate. It contains also thin

beds of selenite.

4. Over the low mass lies a bed of marl and adhesive slate,

about 16 feet thick.

5. Over this lies the second bed of plaster, about 15 feet

thick, called the middle mass, and divided into several layers

;

some of these consist of ordinary plaster, others of selenite,

called grignards by the workmen, and rejected by them.

6. Over the middle mass lies a bed of adhesive slate and

marl, about 20 feet thick. This bed in Montmartre contains

a thin bed of variegated clay, a kind of fuller's earth. Instead

of this, menilite occurs in Meneil Montant. It contains rifts,

often filled with lenticular selenite.

7. Over the preceding lies a bed of plaster about 50 feet

thick, called by the workmen the high mass. It is divided

into a number of layers. This bed at Meneil Montant is

divided into irregular columns, similar to those so common in

basaltic and green stone mountains. It contains a number of

siliceous nodules like agates, often hollow within and filled

with plaster.

8. Over the high mass lies a bed of marl and adhesive slate,

about 70 feet thick, and very distinctly stratified. It contains

vegetable petrifactions.

9. Over this lies a bed of greenish-coloured clay about 18
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feet thick. It contains very impure sulphate of strontian in chaP- nr-

irregular nodules, which form thin beds like flint in chalk. It

contains also regular crystals of selenite.

10. Over this lies a bed of marl about 18 feet thick, regu-

larly stratified, and in the lower part of which occurs a great

variety of common oyster shells.

11. The uppermost bed of all, which crowns the hills in the

neighbourhood of Paris, consists of fine sand, containing in it

abundance of sea shells. Sometimes this sand is agglutinated,

constituting a kind of sand-stone. Sometimes it becomes hard

enough to be used as a mill-stone. Sometimes it contains

masses of a kind of clay iron-stone. It contains abundance

of mica. It is about 55 feet thick.

It is chiefly in the beds of plaster that the great number of

fossil bones of land animals have been found, for the descrip-

tion of which we are chiefly indebted to Cuvier.*

CLASS IV. ALLUVIAL FORMATIONS.

The alluvial formations constitute the great mass of the

earth's surface. They have been formed by the gradual action

of rain and river water upon the other formations, and may
be considered as very recent formations, or rather as deposites,

the formation of which is still constantly going on. They may of two

be divided into two kinds
;
namely, those deposited in the val-

klndfc

leys of mountainous districts, or upon the elevated plains

which often occur in mountains; and those deposited upon flat

land.

The first kind consists of sand, gravel, &c. which constituted

the more solid parts of the neighbouring mountains, and which

remained when the less solid parts were washed away. They
sometimes contain ores (particularly gold and tin) which ex-

isted in the neighbouring mountains. Sometimes the alluvial

soil is washed, in order to separate these ores. On mountain

plains there occur also beds of loam.

The second kind of alluvial deposite, or that which occupies

the flat land, consists of loam, clay, sand, turf, and calctuflf.

Here also occur earth and brown coal (in this mineral amber

is found), wood coal, bituminous wood, and bog iron ore. The
sand contains some metals, among others gold. The calctuflf

is a chemical deposite and extends widely. It contains plants,

roots, moss, bones, &c. which it has encrusted. The clay and

• See Jour, dc Phys. lxvi. 309.

2 P 2
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Boo* sand often contain petrified wood, and likewise skeletons of

quadrupeds.

CLASS V. VOLCANIC FORMATIONS.

The volcanic formations are of two kinds; namely, the

pseudo-volcanic and the true volcanic.

Pseudo-voi- The pseudo-volcanic consist of minerals altered in conse-

quence of the burning of beds of coal situated in their neigh-

bourhood. Porcelain jasper, earth slag, burnt clay, columnar

clay iron-stone, and perhaps also polishing slate, are the mine-

rals which have been thus altered,

volcanic. The real volcanic minerals are those which have been thrown

out of the crater of a volcano. They are of three kinds;

1. Those substances which, having been thrown out from time

to time, have formed the crater of the mountain : 2. Those

which have been thrown out of the crater in a stream, and

rolled down the mountain ;
they constitute lavas : 3. The

water which is occasionally thrown out of volcanoes, contain-

ing ashes and other light substances, gradually evaporating,

leaves the earthy matter behind it ; this substance constitutes

volcanic tuff.

In America it would appear that all elevations higher than

Mount Blanc are entirely composed of volcanic matter.

SECT. III.

OF VEINS.

Natureof Veins are mineral repositories which cut through the strata
vel"8

' or beds of which a mountain is composed, and which are filled

with substances more or less different from the rocks through

which they pass. We shall have a very distinct notion of

veins, if we suppose that the mountains in which they occur

were split by some means or other, and that the rifts thus

formed were filled up by the matter which constitutes veins.

They are distinguished from beds by their direction, which is

either perpendicular to the stratifications, or at least forms an

angle with it.

Sometimes the strata through which veins pass arc merely

separated from each other ; so that if we cut through the vein

we find the same strata of the rock on both sides of it : but

sometimes also the corresponding strata on one side arc lower

than on the other, as if the portion of the rock on one side of
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the vein had sunk a little, while the portion on the other side chap. m.

kept its original position. In such cases, the side of the rock
"v~"

against which the vein leans, or thefloor of the vein, has always

its strata highest up ; while the strata of the portion of rock

which leans over the vein, or the roof of the vein, are always

lowest. So that this is the portion which appears to have

sunk. Such a change of position in the strata is known in

this country by the name of a shift.

In considering veins, there are two circumstances which

claim our attention : namely, 1 . The shape of veins ; and,

2. The substances with which they are rilled.

1. All those mineralogists who have had the best oppor- Their ibap«.

tunity of examining the shape of veins with correctness agree

in representing them as widest above, and as gradually dimi-

nishing in size as they deepen, till at last they terminate in a

point, exactly as if they had been originally fissures. This is

the account of Oppel, of Werner, and indeed of all those

writers who have been professionally engaged in superintend-

ing mines. Sometimes, indeed, veins widen in different parts

of their course, and afterwards contract again to their former

size; but more commonly they continue diminishing gradually

to their extremity.

2. Sometimes these veins are either partially or entirely

empty. In that case they are denominated flssures ; but most

commonly they are filled with a matter more or less different

from the rock through which they pass. Sometimes the vein

is filled up with one species of mineral. Thus we have veins

of calcareous spar, of quartz, &c. ; but when it is of any size,

we frequently find a variety of substances : these are disposed

in regular layers always parallel to the sides of the vein, and

they follow in their position a very regular order. One spe- stnetan.

cies of mineral constitutes the centre of the vein : on each side

of this central bed the very same layers occur in the same order

from the centre to the side of the vein. To give an example;

the vein Gregorius, at Freyberg, is composed of nine layers or

beds. The middle of the vein consists of a layer of calcareous

spar ; on each side of this is a layer consisting of various ores

of silver mixed together; on each side of this a layer of brown
spar ; on each side of this a layer of galena ; on each side of

this, again, and contiguous to the side of the vein, is a layer

of quartz. The following sketch will give the reader some
notion of the relative position of these layers

:
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Book III.
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Sometimes the number of layers of which a vein is composed
greatly exceeds this. Werner describes one in the district of

Freyberg, in which the middle layer is calcareous spar, having
on each side of it no less than thirteen layers arranged in the

very same order.*

Almost every mineral substance which occurs in the mass
of rocks has been found in veins. We sometimes find them
filled with different well-known stony bodies. Thus veins of

granite, porphyry, lime-stone, basalt, wacka, green-stone, &c.

are not uncommon
; f veins of quartz, clay, felspar, &c. are

equally common.
Pit-coal and common salt, and almost all the metals, like-

wise occur in veins. Some veins are filled with water-worn
pebbles, as one observed by Werner at Joachimstahl.J Some
are filled with loam.§ Nay, they even sometimes contain pe-

trifactions. Thus Baron de Born describes a petrified por-

pites which he saw in a compact cinnabar vein in Hungary

;

and M. de Schlottheim communicated an account of a still

more remarkable appearance of the same kind to Werner.

In a calcareous mountain in Thuringia, there occur veins of

marl five or six inches thick, containing petrifactions differing

altogether from those which are found in the lime-stone. The
petrifactions found in the marl are, cornua ammonis, tcre-

brates, and turbinites ; while those that occur in the lime-stone

rock are trochites. Beds of the marl occur in the neighbour-

hood ; and these beds contain the same petrifactions that are

found in the veins.
||

3. It is very common to find veins crossing each other in the

same rock. When that happens, one of the veins may be

traced passing through the other without any interruption, and

cutting it in two, while the other always separates, and disap-

pears at the point of crossing.

* Nouvelle Theorie de la Formation des Filons, p. 100.

•f Werner, Nouvelle Theorie, p. 93.

X Ibid. p. 81. § Ibid. p. 82. ||
Ibid. p. 88.
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4. Such is a short sketch of the most remarkable phenomena chap. m.

respecting veins. Werner supposes that they were originally WerDer>
g

fissures formed in the rocks, and that they were all gradually 01

filled by minerals deposited slowly from above, while the rocks

in which they occur were covered by water, and that they were

filled at the same time that the different formations were de-

posited. This theory he has supported in his book on Veins,

by a very complete enumeration of all the circumstances re-

specting their structure and appearances. He has shown that

they resemble fissures very exactly in their shape and direc-

tion ; and that as they contain petrifactions and minerals al-

tered by the action of water, they must of necessity have been

filled from above.

Veins of course, according to this theory, are newer than

the rocks in which they occur; and when two veins cross, that

is obviously the newest which traverses the other without in-

terruption, as the fissures constituting the second vein must

have been formed after the first vein was filled up. When dif-

ferent veins contain the same minerals arranged in the same

order, he conceives that they were filled at the same time, and

says that such veins belong to the same formation. When they

differ in these respects, they belong to different formations.

From the position of the respective veins with respect to each

other, he deduces their relative age; and from this draws in-

ferences respecting the relative age of the different mineral

substances that occur in veins, similar to the inferences drawn

respecting the age of the rocks which constitute the grand

classes of formations described in the preceding chapter. But

for these curious and important consequences which he deduces

from his theory, I must refer the reader to Werner's treatise,

an English translation of which has been lately published by

Dr. Anderson.

I shall conclude this short sketch of Werner's geognosy

with two tables, exhibiting the different formations in which

the most important stony bodies and ores occur, without dis-

tinguishing whether they arc found in beds or in veins.
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22. Floetz Trap X X X X

2a. Alluvia]
1

* X
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Table of Stones continued.

-'

X
• - •J

£
o

3
x .

— 'Z

— «

N •

u

3

—

—
-

Z

c

I

8 a

f 1

1

s
—

7

-

— £1 '1

J

-

u

1

jj

/
c
c
<

—

C
-

1 y

2 > x

!

X X

3x X X X X X X x

J
X X X X X X x X x

X x. x X X Jy X

1 M a* ? y.

7 X H X X X X X X X X
= = = = - - a= ==

8
I

X X X

9
I

10 X X X X x

11 X
- — - —» — =» M = =-

18 x

13 X

14 x

15 X

It. X

17

I s1 o

19 x

so]

21 X X x x

22 X X * y x H X >* x x x X X x X y

H H x y X X X X y
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Table of Stones continued.

FORMATIONS.
z

2
1

Hornblende.

Clink-stone.

u
EC

C
&

6

e

—

z
a

7.

X

1
-

g

u
. a o

cfl

w

-

EB

<

Actinolite.

•J

1
-
—

a>
a

-j

w-

<

I. Primitive

2. Granite X X X X

3. Gneiss X X X X X XI X

4. Mica-slate X X >< p X X

5. Clay-slate X X X K *! X X

6. Primitive Trap X X X

7. Porphyry and Sienite X X X X X M

8. Greywacka X X

9. Trans. Lime-stone

10. Transition Trap X X X

11. Transition Flint-slate
— — — —

12. Floetz.

=
X

13. Old Red Sand-stone

14. First Floetz Lime-stone

15. First Floetz Gypsum

16. Variegated Sand-stone

17. Second Floetz Gypsum ?

18. Shell Lime-stone

19. Third Lime-stone

20. Chalk

21. Independent Coal <

22. Floetz Trap < • <

23. Alluvial
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Table of Stones continued.

—

c
*

«j

s

m

i.
1.

i

V

;
/.

r. —
<

0
7

big
- -

• -

_

-

km

—

mm

s

u —

-
-

f

=
-
-

s

—

—

'

2

£-

L T
•

4*

~r

—

•

y
:

-

=

= -*

<

•_

-

5

——

-

E
9

1 —
8 X

% < X

X

X

<>

B

= = —

?

=
H

= = — = —= — —
*
— == =

X J

!l

10 H

1)

1 s
= am = = = = =

i

== —

.

=

18 H

1 EL
1 D y

1 (

17

IS

I?

— —

•21

21 M

>

o;
I
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Table of Metals.

Book Iir.

FORMATIONS.

|
Gold.

Platinum.

Silver.

Mercury.

Palladium

Rhodium.

Osmium.
Iridium.

U

—

6
Iron.

Nickel.

|
Tin.

Lead.

1, Primitive

2. Granite X X X X X X X

3. Gneiss X X X X X x H

4. Mica-slate X X X X X X

5. Clay-slate X X X X X X x. X

6. Porphyry X X X X X H

7. Greywacka X
—
X
= = — —

X X
--

X

8. Trans. Lime-stone X X X

9. Transition Trap X X X

10. Flint-slate

L _ == = -—
s

—
11. Old Red Sand-stone X

=
X

=
X X

12. First Floetz Lime X X X X

13. First Floetz Gypsum X

14. Variegated Sand-stone X

15. Second Floetz Gypsum X

16. Second Floetz Lime X

17. Third Floetz Lime

18. Chalk X

19. Independent Coal X X X X X X

20. Floetz Trap X X

21. Alluvial X H x x X X X X X.

(
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Table of Metals, continued.

FORMATIONS.
=

=

-*

it
—

< |

Tellurium. z
—
<

-

0

~
J.

3
u

3
-*.

i
-

\

—

s
3
-
Hc
.=

~z

•r-

=
-

3
-

-

z

U
' 3

e

h

§=

B—
B
B
u
V
u

1. Primtive

2. Granite H y y X y y y X H

3. Gneiss X y y y y y X

4. Mica-slate X y X y y y y X

5. Clay-slate X y y y y 'x *

6. Porphyry y y y r —

7. Greywacka y X y x K
— — —

8. Trans. Lime-stone X X y

9. Transition Trap

10. Flint-slate
=

II. Old Red Sand-stone

— —

12. First Floetz Lime X

13. First Floetz Gypsum

14. Yariegat. Sand-stone

15. Second Floetz Gypsum

16. Second Floetz Lime

17. Third Floclz Lime

18. Chalk

19. Independent Coal H

20. Floetz Trap )

21. Alluvial

"XT
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CHAP. IV.

Book Iir.

Analysis of

minerals,

Began by

Margraff

;

Improved
by Klap-

roth,

And others.

Method of

educing a

mineral to

powder.

OF THE ANALYSIS OF MINERALS.

The progress which the art of analysing minerals has made
within these last thirty years is truly astonishing. To sepa-

rate five or six substances intimately combined together, to

exhibit each of them separately, to ascertain the precise quan-
tity of each, and even to detect the presence and the weight of
substances which do not approach --^th part of the compound,
would, at no very remote period, have been considered as a
hopeless, if not an impossible, task

;
yet this can now be done

with tolerable accuracy.

The first person who undertook the analysis of minerals was
Margraff of Berlin. His attempts were indeed rude; but

their importance was soon perceived by other chemists, par-

ticularly by Bergman and Scheele, whose industry and ad-

dress brought the art to a considerable degree of perfection.

But their methods, though they had very considerable me-
rit, and, considering the state of the science, are wonderful

proofs of the genius of the inventors, were often tedious and

uncertain, and could not in all cases be applied with confi-

dence. These defects were perceived by Klaproth, who ap-

plied himself to the analysis of minerals with a persevering in-

dustry which nothing could fatigue, and an ingenuity and ac-

curacy which nothing could perplex. He corrected what was

wrong, and supplied what was wanting, in the analytical me-

thod; invented new processes; discovered new instruments

;

and it is to his labours, more than to those of any other che-

mist, that the degree of perfection, to which the analysis of

minerals has attained, is to be ascribed. Many improvements,

however, were introduced by other chemists, especially by

Vauquelin, whose analyses, both in point of accuracy and in-

genuity, and in number, rival those of Klaproth himself. And
by Berzelius who has lately distinguished himself very much

as an analyst.

I shall, in the following sections, sketch out the methods of

analysis at present practised. But it will be proper, in the

first place, to premise the following observations.

Before a mineral is submitted to analysis, it ought to be re-

duced to an impalpable powder. When the stone is extremely

hard, it may be heated to redness, and then thrown into cold

water. This makes it crack and break into pieces. If these

6
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pieces arc not small enough, the operation may be repeated, ch*?

These fragments are then to be beaten to small pieces in a po- »

lished steel mortar; the cavity of which should be cylindrical,

and the steel pestle should fit it exactly, in order to prevent

any of the stone from escaping during the act of pounding.

When the stone has been thus pounded, a certain quantity,

whose weight is known exactly, 100 grains for instance, ought

to be taken and reduced to as fine a powder as possible. This

is best done by pounding small quantities of it at once, not

exceeding five grains. The mortar employed is usually of

agate. It may be about four inches in diameter, and rather

more than an inch deep. The pestle is composed of the same

ingredients. The powder is as fine as possible when it fedl

soft, adheres together, and as it were forms a cake under the

pestle. It ought then to be weighed exactly. It will almofC

always be found heavier after being pounded than it was be-

fore ; owing to a certain quantity of the substance of the mor-

tar which has been rubbed off during the grinding, and mixed

with the powder. This additional weight must be carefully

noted ; and after the analysis, a portion of the ingredients of

the mortar, corresponding to it, must be substracted. When
the mortar is of agate or flint, the abstracted portion may be

considered as pure silica.

It is necessary to have a crucible of pure silver, or of pla- rtmnirai

tinum, capable of holding rather more than seven cubic inches
xcmKlu

of water, and provided with a cover of the same metal.

The dishes in which the solutions, evaporations, &c. are per-

formed, ought to be of glass or porcelain. Those of porcelain

are cheaper, because they are not so apt to break. Those
which Mr. Vauquelin uses are of porcelain ; they are sections

of spheres, and are glazed both within and without, except

that part of the bottom which is immediately exposed to the

fire. In this country we commonly use Wedgewood's glazed

evaporating dishes. The glaze is thin, and not so apt to crack

as the glaze of the French porcelain ; but perhaps it does not

resist quite so well the action of strong reagents.
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SECT. r.

ANALYSIS OF EARTHS AND STONES.*

Book m. The only substances which enter into the composition of

i^XIto tne simple stones, as far at least as analysis has discovered, are
of stones, the six earths, silica, alumina, zirconia, glucina, lime, and

magnesia; and the oxides of iron, manganese, nickel, chro-
mium, and copper.f Seldom more than four or five of these

substances are found combined together in the same stone : we
shall suppose, however, in order to prevent unnecessary repe-

titions, that they are all contained in the mineral which we
are going to analyse.

Meflioa of Let 100 or 200 grains of the stone to be analyzed, previously

fugstoneli". reduced to a fine powder, be mixed with three times its weight

of pure potash and a little water, and exposed in a silver cru-

cible to heat. The heat should at first be applied slowly, and
the matter should be constantly stirred, to prevent the potash

from swelling and throwing any part out of the crucible.

When the whole water is evaporated, the mixture should be

kept for half an hour in a red heat.

If the matter in the crucible melts completely, and appears

as liquid as water, we may be certain that the stone which we
are analysing consists chiefly of silica ; if it remains opaque,

and of the consistence of paste, the other earths are most

abundant ; if it remains in the form of a powder, alumina is

the prevalent earth.
J:

If the matter in the crucible be of a

* See Vauquelin's Treatise on the Analysis of Stones, Ann. de Chim.

xxx. 66.

t Barytes has also been discovered in one single stone, the staurolite : but

its presence in stones is so uncommon, that it can scarcely be looked for.

The method of detecting it shall be noticed afterwards.

X Mr. Chenevix has suggested an ingenious method of analyzing stones

that do not fuse with potash. He putitin practice in analyzing the dilVercnt

varieties of corundum. This mineral is composed almost entirely of alumina,

and is extremely hard. Potash acts upon it very feebly ; so that, in the

common way of analysis, the process is very tedious, and the quantity of

potash necessary very great. Mr. Chenevix substituted borax in place of

potash, which acts upon aluminous stones very readily. He mixed 100

grains of sapphire in powder with 250 grains of calcined borax, and exposed

the mixture to a violent heat, in a platinum crucible for two hours. The

mass, when cold, had the appearance of a greenish-blue glass, which ad-

hered strongly to the crucible. The whole was boiled in muriatic acid for

some hours, by w hich a complete solution was obtained. The whole of the

earthy matter was then precipitated by means of ammonia not entirely

5
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dark or brownish-red colour, it contains oxide of iron ; if it be chap,

grass-green, manganese is present; if it is yellowish-green it
*

contains chromium.

When the crucible has been taken from the fire and wiped

on the outside, it is to be placed in a capsule of porcelain, and

filled with water. This water is to be renewed, from time to

time, till all the matter is detached from the crucible. The
water dissolves a part of the combination of the alkali with the

silica and alumina of the stone; and if a sufficient quantity

were used, it would dissolve the whole of that combination.

Muriatic acid is now to be poured in till the whole of the

matter is dissolved.* At first a flaky precipitate appears, be-

cause the acid combines with the alkali which kept it in solu-

tion. Then an effervescence takes place, owing to the decom-

position of some carbonate of potash formed during the fusion.

At the same time the flaky precipitate is redissolved ; as is also

that part of the matter w hich, not having been dissolved in the

water, had remained at the bottom of the dish in the form of

a powder. This powder, if it consists only of silica and alu-

mina, dissolves without effervescence; but if it contains lime,

an effervescence takes place.

If this solution in muriatic acid be colourless, we may con-

clude that it contains no metallic oxide, or only a very small

portion ; if its colour be purplish-red, it contains manganese;

orange red indicates the presence of iron ; and golden-yellow

the presence of chromium.

This solution is to be poured into a capsule of porcelain,

covered with paper, and evaporated to dryness on a sand

bath. W hen the evaporation is drawing towards its comple-

tion, the liquor assumes the form of jelly. It must then be

stirred constantly with a silver or porcelain rod, to facilitate

the disengagement of the acid and water, and to prevent one

part of the matter from being too much, and another not suf-

ficiently dried. Without this precaution, the silica and alu-

mina would not be completely separated from each other.

When the matter is reduced almost to a dry powder, a large

saturated with carbonic acid ; and the precipitate, after being well washed,

was redissolved in muriatic acid. By this means the borax was got rid of.

The analysis was then conducted nearly in the manner described in the text,

except ing only that muriate of ammonia was employed to separate the alu-

mina from potash. Phil. Trans. 1802, p. 331.

• Muriatic acid does not dissolve the mass completely if the stone con-

sists chiefly of sihea.

vol. in. 2 2
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Booki^ quantity of pure water is to be poured on it; and, after ex-
posure to a slight heat, the whole is to be poured on a filter.

separation The powder which remains upon the filter is to be washed
ofthesihca,

repeatetu Vj t [\\ tne water w j th whi ch it has been washed ceases

to precipitate silver from its solutions. This powder is the

silica which the stone that we are analysing contained. It

must first be dried between folds of blotting paper, then heated

red hot in a platinum or silver crucible, and weighed as soon
as cold. It ought to be a fine powder, of a white colour, not
adhering to the fingers, and entirely insoluble in acids. If it

be coloured, it is contaminated with some metallic oxide ; and
shows that the evaporation to di-yness has been performed at

too high a temperature. To separate this oxide, the silica

must be boiled with an acid, and then washed and dried as

before. The acid solution must be added to the water which

passed through the filter, and which we shall denominate A.

The watery solution A is to be evaporated till its quantity

does not exceed an English pint. A solution of carbonate of

potash is then to be poured into it till no more matter precipi-

tates. It ought to be boiled a few moments to enable all the

precipitate to fall to the bottom. When the whole of the pre-

cipitate has collected at the bottom, the supernatant liquid is

to be decanted off; and water being substituted in its place,

the precipitate and water are to be thrown upon a filter. When
the water has run off, the filter, with the precipitate upon it,

is to be placed between the folds of blotting paper. When
the precipitate has acquired some consistence, it is to be care-

fully collected by an ivory knife, mixed with a solution ofpure

potash, and boiled in a porcelain capsule. If any alumina or

glucina be present, they will be dissolved in the potash ;
while

the other substances remain untouched in the form of a pow-

der, which we shall call B.

Alumina,, Into the solution of potash as much acid must be poured as

will not only saturate thepotash, but also completely redissolve

any precipitate which may have at first appeared. Carbonate

of ammonia is now to be added in such quantity that the liquid

shall taste of it. By this addition the whole of the alumina

will be precipitated in white flakes, and the glucina will remain

dissolved, provided the quantity of carbonate of ammonia used

be not too small. The liquid is now to be filtered; and the

alumina which will remain on the filter is to be washed, dried,

heated red-hot, and then weighed. To see if it be really alu-

mina, dissolve it in sulphuric acid, and add a sufficient quan-
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tity of sulphate or acetate of potash; if it be alumina, the chap, rr.

whole of it will be converted into crystals of alum.
^—-v-—

'

Let the liquid which has passed through the filter be boiled cincim,

for some time ; and the glucina, if it contains any, will be pre-

cipitated in a light powder, which may be dried and weighed.

When pure, it is a fine, soft, very light, tasteless powder, which

does not concrete when heated, as alumina does.

The residuum B may contain lime, magnesia, and one or tine,

more metallic oxides.* Let it be dissolved in weak sulphuric

acid, and the solution evaporated to dryness. Pour a small

quantity of water on it. The water will dissolve the sulphate

of magnesia and the metallic sulphates ; but the sulphate of

lime will remain undissolved, or, if any portion dissolve, it may
be thrown down by the addition of a little weak alcohol. Let

it be heated red-hot in a crucible, and weighed. The lime

amounts to -fa or about 0*412 of the weight.

Let the solution containing the remaining sulphates be

diluted with a large quantity of water; let a small excess of

aeid be added ; and then let a saturated carbonate of potash

be poured in. The oxides of chromium, iron, and nickel will

be precipitated, and the magnesia and oxide of manganese

will remain dissolved. The precipitate we shall call C.

Into the solution let a solution of hydrosulphuret of potash Mangiowe,

be poured, and the manganese will be precipitated in the state

of a hydrosulphuret. Let it be calcined in contact with air,

and weighed. The magnesia may then be precipitated by pare Magnesia,

potash, washed, exposed to a red heat, and then weighed.

Let the residuum C be boiled repeatedly with nitric acid, chromiua,

then mixed with pure potash ; and after being heated, let the

liquid be decanted off. Let the precipitate, which consists of
the oxides of iron and nickel, be washed with pure water; and
let this water be added to the solution of the nitric acid and
potash. That solution contains the chromium converted intent

an acid. Add to this solution an excess of muriatic acid, and
evaporate till the liquid assumes a green colour; then add a

pure alkali : the chromium precipitates in the state of an oxide,

and may be dried and weighed.

Let the precipitate, consisting of the oxides of iron and rroo,

nickel, be dissolved in muriatic acid ; add an excess of am-

• If yttria be suspected, let the residuum be treated with carbonate of
ammonia, which will dissolve the yttria and leave the other bodies. Then
proceed as above.

2 S 2
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monia: the oxide of iron precipitates. Let it be washed,
dried, and weighed.

Nickel. Evaporate the solution, and the oxide of nickel will also

precipitate, or the whole may be precipitated by adding hydro-
sulphuret of ammonia; and its weight may be ascertained in

the same manner as the other ingredients.

The weight of all the ingredients obtained are now to be
added together, and their sum total compared with the weight
of the matter submitted to analysis. If the two are equal, or
if they differ only by -03 or -04- parts, we may conclude that
the analysis has been properly performed : but if the loss of
weight be considerable, something or other has been lost. The
analysis must therefore be repeated with all possible care. If
there is still the same loss of weight, we may conclude that the
stone contains some substance, which has either evaporated
by the heat, or is soluble in water.

A fresh portion of the stone must therefore be broken into

small pieces, and exposed in a porcelain retort to a strong

heat. If it contains water, or any other volatile substance, it

will come over into the receiver ; and its nature and weight
may be ascertained.

If nothing comes over into the receiver, or if what comes
over is not equal to the weight wanting, we may conclude that

the stone contains some ingredient which is soluble in water.

Tod iscover whether it contains ajixed alkali, which is very

frequently found in simple stones, three methods of analysis

have been followed.

Methods or 1. The stone, reduced to an impalpable powder, is cau-

^ed'aika*- tiously heated repeatedly with sulphuric acid, and the mass
'iet. digested in water. This solution, properly concentrated, is

set aside for some days. If crystals of alum make their appear-

ance, we are sure that the mineral contained potash. The
potash may be reckoned to amount to 0*1 04- of the weight of

these crystals. If no crystals appear, the solution is to be

evaporated to dryness, and the residue exposed to a moderate

red heat. It is then to be digested in water, and the solution

mixed with carbonate of ammonia, and filtered. It must be

again evaporated to dryness, the residue exposed to a heat of

700°, and redissolved. The solution, by proper concentration,

will yield crystals, either of sulphate of soda, or of potash, ac-

cording to circumstances, and these arc easily distinguished.

Indeed the presence or absence of potash may be recognized

by mixing the solution of the salt obtained, with a somewhat
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concentrated solution of nitro-niuriate of platinum. If potash cb»P . nr.

be present, the usual yellow precipitate of muriate of platinum-
'

and-potash is obtained.

2. The method described in the last paragraph may be con-

sidered as a short abstract of the plans of analysis at first pur-

sued by Vauquelin and Kennedy, to detect and distinguish

fixed alkalies contained in minerals. The following method,

invented by Rose, is much easier. He fused one part of the

mineral under examination with four parts of nitrate of barytes,

in a porcelain crucible. A spongy mass was obtained, which

was of a light blue colour, and dissolved completely in diluted

muriatic acid. The yellow-coloured solution was mixed with

a suflicient quantity of sulphuric acid, not only to precipitate

the barytes, but to expel the muriatic acid, and the liquid was

evaporated to dryness. The mass was digested in water, and

then thrown upon a filter. The sulphate of barytes and silica

remained behind. The solution, which was limpid, was satu-

rated with carbonate of ammonia, and filtered a second time.

All the earthy and metallic bodies were now separated, and

the solution contained only the sulphates of fixed alkali and

ammonia. It was evaporated to dryness, and the salt put into

a porcelain crucible, and exposed to a heat sufficient to expel

the sulphate of ammonia. The residuum was dissolved in

water, and crystallized. Pure fixed alkaline sulphate was ob-

tained. It was dissolved in water, ami decomposed by means
of acetate of barytes. The solution was filtered to separate

the sulphate of barytes formed, and the liquid evaporated to

dryness. The salt thus obtained was acetate of fixed alkali.

It was reddened in a crucible. The charry residue was dis-

solved in water, filtered, and crystallized. It was now a fixed

alkaline carbonate easily distinguished by its properties.*

3. The third method has been practised by Davy. He fuses

one part of the mineral under examination with two parts of

boracic acid, dissolves the fused mass in diluted nitric acid,

and concentrates the solution to separate the silica. The
liquid is then mixed with carbonate of ammonia in excess, and

boiled and filtered. By this means all the earthy and metallic

ingredients are separated. The liquid is then mixed with a
sufficient quantity of nitric acid, and evaporated till the whole

of the boracic acid separates. Nothing now remains but the

nitric acid, combined with the alkaline constituents of the

• Klaprotb, Bcitrage, iii. 2 10.
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Book in. mineral and with ammonia. The dry saline mass is freed from

the nitrate of ammonia by a heat of 500°
; and the nitrate of

potash or soda which remains, may easily be recognized by its

properties.*

But simple stones have been recently discovered to contain

fluoric acid ; and the methods hitherto described are not suf-

ficient to detect and appreciate the quantity of that substance,

"anteflat
'^ne metno(^ practised by Klaproth to detect the presence of

He acid. this acid, is to heat the mineral containing it with sulphuric

acid in a glass retort. The corrosion of the retort, and the

siliceous deposite made on the water contained in the receiver,

show sufficiently the presence of fluoric acid. To detect its

quantity the mineral is fused with potash, and the silica sepa-

rated as usual. The remaining liquid is precipitated by means

of carbonate of potash ; and the liquid, being neutralized, is

mixed with lime water. The precipitate of fluate of lime, thus

obtained, is heated to redness. He estimates the fluoric acid

contained in the mineral at 0*48 of this fluate of lime.f

.
Analgia of Jn this manner may simple stones and aggregates be ana-

stones, lysed. As to saline stones, their analysis must vary according

to the acid which they contain. But almost all of them may

be decomposed by one or other of two methods ; of each of

which I shall give an example.

i. Analysis of Carbonate of Strontian.

of ««bon. Klaproth analysed this mineral by dissolving 100 parts of it

at*J in diluted muriatic acid : during the solution, 30 parts of car-

bonic acid escaped. The solution crystallized in needles;

and when dissolved in alcohol burnt with a purple flame.

Therefore it contained strontian. He dissolved a grain of

sulphate of potash in six ounces of water, and let fall into it

three drops of the muriatic solution. No precipitate appeared

till next day. Therefore the solution contained no barytes ; for

if it had, a precipitate would have appeared immediately.

He then decomposed the muriatic acid solution by mixing

it with carbonate of potash. Carbonate of strontian precipi-

tated. By the application of a strong heat, the carbonic acid

was driven off. The whole of the earth which remained was

dissolved in water. It crystallized; and, when dried,

weighed 69^.|

• Nicholson's Jour. xiii. 86. f Gehlen's Jour. iii. 595.

X Klaproth, Beitrag*, i.260.
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2. Analysis of Sulphate of Strontian.

Vauquelin analysed an impure specimen of this mineral as ci.»p.iv.

follows : a^t^
On 200 parts of the mineral diluted nitric acid was poured.

A violent effervescence took place, and part of the mineral was

dissolved. The undissolved portion, after being heated red-

hot, weighed 167. Therefore 33 parts were dissolved.

The nitric solution was evaporated to dryness : a reddish

substance remained, which indicated the presence of oxide of

iron. This substance was redissolved in water, and some am-

monia mixed with it; a reddish precipitate appeared, which,

when dried, weighed one, and was oxide of iron. The re-

mainder of the solution was precipitated by carbonate of pot-

ash. The precipitate weighed, when dried, 20, and possessed

the properties of carbonate of lime. Therefore 200 parts of

this mineral contain 20 of carbonate of lime, 1 of oxide of iron,

and the remainder of the 33 parts he concluded to be water.

The 167 parts, which were insoluble in nitric acid, were

mixed with 500 parts of carbonate of potash and 7000 parts

of water, and boiled for a considerable time. The solution

was then filtered, and the residuum washed and dried. The
liquid scarcely effervesced with acids: but with barytes it jrro-

duced a copious precipitate, totally indissoluble in muriatic

acid. Therefore it contained sulphuric acid.

The undissolved residuum, when dried, weighed 120 parts.

It dissolved completely in muriatic acid. The solution crys-

tallized in needles; when dissolved in alcohol, it burnt with a

purple flame; and, in short, had all the properties of muriate

of strontian. Therefore these 120 parts were carbonate of

strontian. Now, 100 parts of this carbonate contain 30 of

carbonic acid ; therefore 120 contain 38*7. Therefore the mi-

neral must contain in 200 parts 00*3 of strontian.

Now, the insoluble residuum of 167 parts was pure sulphate

of strontian | and we have seen that it contained 00*3 of stron-

tian. Therefore the sulphuric acid must amount to 76*7 parts.*

Nearly in the same manner as in the first of these examples

may the analysis of carbonate of lime and barytes be per-

formed ; and nearly in the same manner with the second we
may analyse the sulphates of lime and barytes.

Phosphate of lime may be dissolved in muriatic acid, the pi>°«p«>*«»,

• Jonr. de Min. No. mvii. 1.
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excess of acid may be driven off as far as possible, and the
lime precipitated by oxalic acid ; and the oxalate, calcined in
a platinum crucible, leaves the lime. The liquid solution may
be evaporated to dryness, and then melted to a glass, which
will give us the weight of the acid.

The fluate of lime may be mixed with sulphuric acid and
distilled. The fluoric acid will come over in the form of gas.
What remains in the retort, which will consist chiefly of sul-

phate of lime, may be analysed by the rules already laid down.
The borate of lime may be dissolved in nitric or sulphuric

acid. The solution may be evaporated to dryness, and the bo-
racic acid separated from the residuum by means of alcohol,

which will dissolve it without acting on any of the other ingre-

dients. The remainder of the dry mass may be analysed by
the rules laid down in this section.

SECT. II.

OF THE ANALYSIS OF COMBUSTIBLES.

The only combustibles of whose analysis it will be neces-

sary to speak are coals and sulphur; for the method of ana-

lysing the diamond and oil has already been given in the first

part of this work.

Method of Coal is composed of charcoal, bitumen, and some portion
Massing

p^.jj^ -pjie eart]ls mav kg detected by burning completely

a portion of the coal to be analysed. The ashes which remain

after incineration consist of the earthy part. Their nature

may be ascertained by the rules laid down in Sect. I. of this

chapter.

For the method of ascertaining the proportion of charcoal

and bitumen in coal, we are indebted to Mr. Kirwan.

When nitre is heated red-hot, and charcoal is thrown on it,

a violent detonation takes place; and if the quantity of char-

coal be sufficient, the nitre is completely decomposed. Now,

it requires a certain quantity of pure charcoal to decompose a

given weight of nitre. From the experiments of Lavoisier, it

follows, that when the detonation is performed in close vessels

under water, 13*21 parts of charcoal are capable ot" decom-

posing 100 parts of nitre* But when the detonation is per-

* Mem. Scav. Etiang. xi. 626.
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formed in an open crucible, a smaller proportion of charcoal chip.iv.

is necessary, because part of the nitre is decomposed by the
^*~v

action of the surrounding air. Scheele found, that under these

circumstances 10 parts of plumbago were sufficient to decom-

pose 96 parts of nitre; and Mr. Kirwan found, that nearly the

same quantity of charcoal was sufficient for producing the

same effect.

Macquer long ago observed that no volatile oily matter will

detonate with nitre, unless it be previously reduced to a char-

coal j and that then its effect upon nitre is precisely propor-

tional to the charcoal which it contains.* Mr. Kirwan, upon

trying the experiment with vegetable pilch and maltha, found

that these substances did not detonate with nitre, but merely

burn upon its surface with a white or yellow flame ; and that

after they were consumed, nearly the same quantity of char-

coal was necessary to decompose the nitre which would have

been required if no bitumen had been used at all.f Now coals

are chiefly composed of charcoal and bitumen. It occurred

therefore to Mr. Kirwan, that the quantity of charcoal which

any coal contains may be ascertaired by detonating it with

nitre : for since the bitumen of the coal has no effect in de-

composing nitre, it is evident that the detonation and decom-

position must be owing to the charcoal of the coal ; and that

therefore the quantity of coal necessary to decompose a given

portion of nitre will indicate the quantity of carbon which it

contains : and the proportion of charcoal and earth which any

coal contains being ascertained, its bituminous part may be

easily had from calculation.

The crucible which he used in his experiments was large; it

was placed in a wind furnace at a distance from the flue, and

the heat in every experiment was as equal as possible. The
moment the nitre was red-hot, the coai, previously reduced to

small pieces of the size of a pin- head, was projected in por-

tions of one or two grains at a time, till the nitre would no

longer detonate ; and every experiment was repeated several

times to ensure accuracy.

He found that 480 grains of nitre required 50 grains of Kil-

kenny coal to decompose it by this method. Therefore 10

grains would have decomposed 96 of nitre; precisely the quan-

tity of charcoal which would have produced the same effect.

• Macquer's Dictionary, 2d edit. p. 481.

+ Miner, ii. 522.
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Book m. Therefore Kilkenny coal is composed almost entirely of char-
V

v ' coal.

Cannel coal, when incinerated, left a residuum of 3*12 in the

100 parts of earthy ashes. 66*5 grains of it were required to

decompose 480 grains of nitre ; but 50 parts of charcoal would

have been sufficient : therefore 66*5 grains of cannel coal con-

tain 50 grains of charcoal and 2-08 of earth ; the remaining

14--42 grains must be bitumen. In this manner may the com-
position of any other coal be ascertained.

As for sulphur, in order to ascertain any accidental impu-

rities with which it may be contaminated, it ought to be boiled

in thirty times its weight of water, afterwards in diluted muri-

atic acid, and lastly treated with nitro-muriatic acid. These

substances will deprive it of all its impurities without acting on

the sulphur itself, at least if the proper cautions be attended

to. The sulphur may then be dried and weighed. The de-

ficiency in weight will mark the quantity of the substances

which contaminate the sulphur. The solutions may be eva-

porated and examined, according to the rules laid down in the

first and third sections of this chapter.

SECT. III.

ANALYSIS OF ORES.

No general The diversity of metallic ores is so great, that no general
method

' method of analysis can be given. Let us therefore follow the

different orders, one by one, and point out the proper method

of analysing each. In the rules which I propose to give I

shall follow Bergman, to whom we are indebted for the first

precise treatise on the analysis of ores, except when his me-

thods have been superseded by the improvements of succeed-

ing chemists.

1. Gold Ores.

Analysis of The presence of gold may easily be detected by treating the

native gold.
mineral Sl)pp0set| to contain it with nitro-muriatic acid, and

dropping muriate of tin into the solution. If the solution

contains any gold, a purple precipitate immediately appears.

Native gold ought to be dissolved in nitro -muriatic acid

;

silver, if any be present, falls to the bottom in the state of mu-

riate, and may be separated by filtration, and weighed. Pour

sulphate of iron into the solution, and the gold is precipitated
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in the metallic state. The copper, if any be present, may be chap. iv.

precipitated by means of a plate of iron. The presence of v-""^

iron may be ascertained by dropping tincture of nutgalls into

a portion of the solution.*

The auriferous pyrites may be treated with diluted nitrous

acid, which dissolves the iron and separates the sulphur. The

gold remains insoluble, and is found in the state of small grains.

2. Ores of Platinum.

The grains of crude platina, which constitute the only ore

of this metal, are exceedingly complex in their nature, con-

taining not fewer than eight metals, and sometimes even more.

These are mercury, gold, platinum, iron, palladium, rhodium,

osmium, and iridium.

The mercury may be driven off by heat, and the gold then

becomes visible, and may be picked out, as it is in grains

merely mixed with the others. The iron exists, in part at

least, in the state of iron-sand, and may be separated by the

magnet. The portion combined with the platinum, if there

be any such, is not so easily separated. The ore thus purified

is mixed with diluted nitro-muriatic acid, which dissolves the

rest of the gold. Strong nitro-muriatic acid, assisted by heat,

dissolves the platinum, the palladium, and the rhodium. The
black powder and the metallic scales which remain undissolved

are composed of osmium and iridium, which may be separated

by the alternate action of potash and muriatic acid. No good
method is known of separating the portion of the9e metals,

which dissolves along with the platinum without loss. The
platinum is precipitated by a concentrated solution of muriate

of ammonia, and the palladium by a solution of prussiate of

mercury. The rhodium is obtained by adding common salt to

the solution thus freed from the other metals, evaporating to

dryness, and digesting the dry mass in alcohol. For a fuller

account of these processes, the reader is referred to the disser-

tations of Wollaston, Tennant, Desfontaines, Fourcroy, and
Vauquelin.f

3. Ores of Silver.

The analysis of the ores of silver has been always considered

as very important, on account of the great value of the metal

which they contain.

• Bergman, ii. 410.

\ See these dissertations quoted in Vol. I. of this work, under the head of

the respective metals.

4
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uook in. 1. Native silver is to be dissolved in nitric acid. The gold,

A^Shrf' if tne ore contains any, remains in the state of a black powder,
and may be dried and weighed. The silver may be precipi-

tated by common salt. One hundred parts of the precipitate

dried denote about 75*34 parts of silver. The presence of cop-

per may be ascertained by the greenish-blue colour of the so-

lution, and by the deep blue colour which it assumes on adding
• ammonia. The copper may be precipitated by a plate of iron,

or by the rules laid down hereafter. When the ore contains

arsenic, its proportion may be estimated by weighing before

and after fusion ; for the arsenic is dissipated by heat, or the

ore may be dissolved as before in nitric acid, which acidifies

the arsenic. After the separation of the silver, the arsenic

acid may be precipitated by nitrate of lead.

Antimoniai 2. Alloy of silver and antimony is to be treated with nitric

acid, which dissolves the silver and oxidizes the antimony. The
silver is estimated as above. The oxide of antimony is to be

dissolved in muriatic acid, and the metal thrown down by
means of a plate of iron.*

suiphuret, 3. Sulphuret of silver is to be treated with diluted nitric

acid, which dissolves the silver, leaving the greater part of the

sulphur untouched. The residuum is to be dried, and then

the sulphur burnt off. The loss of weight gives the sulphur.

The residuum, if any, is undecomposed sulphuret, to be treated

as at first. The silver is to be precipitated by common salt;

and the other metals, if any be present, may be ascertained as

above. Part of the sulphur is always acidified. The acid thus

formed may be precipitated by nitrate of barytes, 100 parts of

the dried precipitate indicating about 14*5 of sulphur.

f

Antimoni- 4. Antimoniated silver ore was analysed by Klaproth in the
atedB.iver,

f0vjownig manner: 100 parts of it were boiled in diluted nitric

acid. The residuum, washed and dried, was 26. These 26

were digested in nitro-muriatic acid. The residuum now
weighed 13 (so that 13 had been dissolved,) 12 of which were

sulphur, and burnt away, leaving behind them one part of si-

lica. The nitro-muriatic solution, when diluted largely with

water, let fall a precipitate which weighed 13 (or 10 of pure

antimony,) and had the properties of oxide of antimony; for

they did not evaporate till heated to redness, but at that tem-

perature were dissipated in a grey smoke.

The nitric solution was green. Common salt occasioned a

* Klaproth, iii. 175. t Ibid. i. 172.
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precipitate which weighed 87*75* equivalent to 65*81 of pure chap. nr.

silver. After the separation of this muriate of silver, sulphate
^^^"^

of soda occasioned no precipitate. Therefore the solution con-

tained no lead. When supersaturated with soda, a grey pre-

cipitate fell, weighing fire parts. On burning coals this pre-

cipitate gave out an arsenical smell. It was redissolved in ni-

tric acid; sulphuretted alkali occasioned a smutty brown pre-

cipitate ; and prosaic alkali a prussian blue, which, after torre-

faction, was magnetic. Hence he concluded, that these five

parts were a combination of iron and arsenic acid.

The nitric solution which had been supersaturated with am-

monia was blue; he therefore suspected that it contained cop-

per. To discover this, he saturated it with sulphuric acid, and

put into it a polished plate of iron. The quantity of copper

was so small, that none could be collected on the iron.*

5. Black silver ore may be analysed as No. 2, separating the inimm
copper, if any be present, by means of an iron plate, and esti-

or*'

mating the carbonic acid that escapes when the ore is heated

or dissolved in nitric acid.

6. Red silver ore was analysed by Vauquelin in the follow- R*d«n»«

ing manner: one hundred parts of it were digested in 500
°re'

parts of nitric acid previously diluted with water,f The un-

dissolved residuum, being washed and dried, weighed 42*06.

Being treated with muriatic acid, it was all dissolved except

14"66 parts which were sulphur. The muriatic solution, when
diluted with a great quantity of water, deposited a white pow-

der, which weighed 21*25, and was oxide of antimony. The
nitric acid solution remained still to be examined. Muriatic

acid occasioned a heavy precipitate, which weighed 72*66

parts, and which was muriate of silver. Reagents showed

that the acid retained no other substance in solution.];

8. Chloride of silver was analysed by Klaproth in the fol- chior*».

lowing manner : one hundred parts of it were mixed with

thrice their weight of pure carbonate of potash, and melted

together in a glass retort. The mass was dissolved in water,

and the solution filtered. A residuum remained, which was

dissolved in nitric acid, with the exception of a red powder;

which, treated with nitro- muriatic acid, was dissolved, except

a little chloride of silver, which, when reduced, yielded '5 of

• Klapruth, Beitrage, i. 163.

+ No effervescence occurred during the solution ; a proof that the metal*

existed in the ore in the state of oxides.

J Jour, de Min. No. xvii. p. '2.
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^Book pure silver. Ammonia precipitated from the nitro-muriatic
v solution 2-5 parts of oxide of iron. The nitric solution was

precipitated by common salt ; the chloride of silver, thus ob-
tained, yielded, when reduced, 67*25 of pure silver.

The original aqueous solution of the alkaline mass was sa-
turated with acetic acid, on which it deposited 1'75 parts of
alumina. The solution was evaporated to dryness, and the
dry mass treated with alcohol, which dissolved the acetate of
potash. The residuum, amounting to 58*75 parts, was dis-

solved in water; and being treated with muriate of barytes, 15
parts of sulphate of barytes precipitated, indicating the pre-

sence of about *5 of sulphuric acid, or 0*75 sulphate of pot-

ash. The remaining 58 parts were muriate of potash, indi-

cating about 21 parts of muriatic acid.*

4. Ores of Mercury.

Native mer- j , Native mercury and amalgam may be dissolved in nitric

acid. The gold, if any be present, remains in the state of

powder, and may be estimated by its weight. The affusion of

water precipitates the bismuth, if the solution happens to con-

tain any. Common salt precipitates the silver, and also part

of the mercury ; but the latter may be redissolved by a suffi-

cient quantity of water, or, which is far better, of chlorine,

while the muriate of silver remains insoluble. Lastly, the

mercury may be precipitated by sulphate of iron, and es-

timated.f Or the mercury may be separated at once from the

ore by distillation.

cinnabar, 2. Cinnabar may be dissolved in muriatic acid, assisted by

the gradual addition of nitric acid. The sulphur parti)' sepa-

rates, and may be weighed, and is partly converted into sul-

phuric acid; which may be separated by muriate of barytes,

and the portion of sulphur ascertained. The mercury may be

separated by distilling a portion of the ore with half its weight

of iron filings. %

Hepatic ore, 3. The analysis of the hepatic ore is conducted in a similar

way. The small portion of foreign bodies are to be ascertained

by the processes already laid do\vn.§

Muriate, 4. Muriate of mercury may be digested in muriatic acid till

the whole is dissolved. Muriate of barytes precipitates the

Klaproth, Beitrage, i. 132. f Bergman, ii. 421.

| Klaproth, Gehlen's Jour. v. 436.

§ See the analysis by Klaproth, Gehlen's Jour. v. 437.
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sulphuric acid, 100 parts of which are equivalent to 186 of sul- chaP. iy^

phate of mercury ; and the proportion of this salt being

known, we have that of the muriate.* Or, perhaps, a better

mode of analysis would be to boil the salt with carbonate of

potash till it is decomposed.

5. Ores of Copper.

1. Native copper sometimes contains gold, silver, or iron. Natwe cop-

It may be dissolved in nitric acid; the gold remains in the
^

state of a blackish or rather violet-coloured powder ; the sil-

ver may be separated by a polished plate of copper (or it may

be precipitated from a separate portion of the solution by com-

mon salt) ; the iron may be separated by boiling the solution

to dryness, and treating the residuum with water. By this

process, the nitrate of iron is decomposed ; the oxide of iron

remains, while the water dissolves the nitrate of copper.f This

last salt may be decomposed by boiling it with potash ; the

precipitate, dried in a red heat, is black oxide of cop|>er. One
hundred parts of it denote 80 of metallic copper.

J

2. Sulphuret of copper may be dissolved' in muriatic acid Suipburet,

by the help of nitric acid. Part of the sulphur separates, part

is acidified. The solution being divided into two parts; from

the one the copper may be precipitated by an iron plate, and

from the other the iron by ammonia. § The variegated copper

ore, and copper pyrites, yield to the same mode of analysis.

3. Grey ore of copper was thus analysed by Klaproth. Grey copper

Heated to redness in a retort, the sulphur and arsenic were
°n '

driven vtY. The sublimate, being weighed, was digested in

potash, which separated the sulphur, and left the arsenic. The
roasted ore was then dissolved in nitric acid, except a small

portion which yielded to muriatic acid. These solutions being

mixed, a little muriate of silver fell, which was separated and

reduced. The solution, mixed with sulphuric acid, was eva-

porated to dryness, and redissolved in water. Ammonia threw

down the iron from this solution, and a plate of zinc the cop-

per.
||

4. Red copper ore has only to be dissolved in muriatic acid, Red copper

and the copper precipitated by a plate of iron; 88 parts of
ore'

the precipitated copper being equivalent to 100 of the orange

oxide of which the ore is composed.

* Bergman, ii. 423. f Ibid. ii. 427.

t Chenevix, Phil. Trans. 1801, p. 209.

§ Klaprotli, ii. 279.
||
Gehlen's Jour. v. 5.
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(

Book m* 5. The analysis of the oxides and carbonates of copper
/~>

scarcely requires any remarks. The water and carbonic acid

must be estimated by distillation in close vessels, and collecting

the products. The ore may then be dissolved in nitric acid,

and its copper ascertained as above.
Arseniate, 6. Arseniate of copper was analysed by Mr. Chenevix in

the following manner : The ore was dissolved in diluted nitric

acid, and nitrate of lead poured in. The solution was evapo-

rated till a precipitate began to appear, and then mixed with

alcohol. Arseniate of lead precipitated. One hundred parts

of this salt indicate 33 of arsenic acid. The copper was sepa-

rated from the nitric acid by boiling it with potash.*

4. Ores of Iron.

Notwithstanding the great variety of iron ores, they may be

all, as far as analysis is concerned, arranged under three heads

;

namely, 1. Sulphurets ; 2. Oxides; and 3. Salts.

Pjrite*, 1. Pyrites, or sulphuretted iron, may be treated repeatedly

with boiling nitric acid till the sulphur is acidified. Muriatic

acid is then to be added, and the digestion continued till the

whole be dissolved.f Muriate of barytes is then to be added

to precipitate the sulphuric acid; 100 of the dried precipitate

indicates 14*5 of sulphur. If the solution contains only iron,

it may be precipitated by carbonate of soda, calcined to red-

ness, and weighed. But if earths or manganese be present,

we must pi'oceed by the rules laid down in the First Section

of this Chapter.

Oxides, 2. If the oxides of iron be pure, that is to say, contain no-

thing but iron, we have only to dissolve them in muriatic acid,

and precipitate them as above. But it is very seldom that ores

possess this perfect degree of purity. The iron is usually com-

bined with manganese, alumina, silica, or with all of these to-

gether. The analysis is to be conducted exactly according to

the rules laid down in the First Section of this Chapter.

3. The sparry iron ore may be analysed in the same man-

ner, excepting only that the carbonic acid gas must be sepa-

rated by distillation or solution in close vessels, and estimated

by the rules laid down in the Fourth Chapter of the last Book.}

* Pbil. Trans. 1801, p. 195.

f If tiny siliceous gangue be mixed with the ore, of course it will remain

undissolved, and must he analysed according to the rules laid down in tht

First Section of this Chapter.

' % See vol. iii. p. 216.
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4. Arseniate of iron was analysed by Mr. Chenevix in the
ggjj^

following manner: 100 parts of it were boiled with potash till ArseBiiae,

the arsenic acid was separated. Nitrate of lead was mixed

with the solution; 100 parts of the precipitate indicated 33 of

arsenic acid. That portion of the ore which eluded the action

of the potash was treated with muriatic acid ; the undissolved

residuum was silica. The muriatic acid was supersaturated

with ammonia. The iron precipitated ; but the copper was

dissolved by the ammonia.*

7. Ores of Tin.

For the method of analysing the ores of tin we arc indebted

solely to Klaproth ; the mode of analysis indicated by Berg-

man does not succeed.

1. The sulphurctof tin was thus analysed by Klaproth: 120 Stipfcure*,

parts of the ore were digested with nitro-muriatic acid. Forty-

three parts remained undissolved. Of these, 30 burnt away

with a blue flame, and were sulphur; of the remaining 13,

eight dissolved in nitro-muriatic acid. The undissolved five

were heated with wax, and yielded a grain of iron attracted by

the magnet. The rest was a mixture of alumina and silica.

The nitro-muriatic solution was completely precipitated by

potash, and the precipitate rcdissolvcd in muriatic acid. A
cylinder of tin precipitated 44 parts f of copper from this so-

lution, and lost itself 89 parts of its weight. A cylinder of

zinc precipitated 130 parts of tin; so that, deducting the 89

parts of tin dissolved during the precipitation of the copper,

41 remain for the tin contained in the ore.%

2. Tin-stone was thus analysed by the same celebrated TimUm,
chemist. One hundred parts of the ore were heated to red-

ness, with 600 parts of the potash, in a silver crucible; and
the mixture being treated with warm water, 1 1 parts remained
undissolved. These 1 1, by a repetition of the treatment with

potash, were reduced to l^th. This small residuum dissolved

in muriatic acid. Zinc precipitated from the solution one-half

part of tin, and the Prussian alkali gave a blue precipitate,

which indicated one-fourth part of iron.

The alkaline solution was saturated with muriatic acid ; a
white precipitate appeared, but it was redissolvcd by adding

• Phil. Trans. 1801, p. 219.

f One part of this was found to be tin, by digesting it in nitric acid.

t Observations on the Fossils of Cornwall, p. 38. English Translation.

VOL. III. 2 R
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Bookm. more acid. The whole was precipitated by carbonate of soda.
*m"*sm~/

The precipitate, which had a yellowish colour, was redissolved

in muriatic acid : and a cylinder of zinc being inserted into

the solution, 77 of tin were obtained, indicating nearly 98

parts of oxide of tin.*

8. Ores of Lead.

Saiphuref, 1* Sulphuret of lead usually contains a little silver, and

sometimes also antimony and zinc. It may be treated with

diluted nitric acid, which leaves only the sulphur undissolved,

the weight of which is to be taken, and its purity determined

by combustion. If antimony be present, it will either remain

in the state of a white oxide, or, if dissolved, it will be preci-

pitated by diluting the solution with water. Muriatic acid is

to be added, and the solution evaporated till it is reduced to

a small portion. Muriate of lead and of silver precipitate.

The first of these may be dissolved in boiling water, the second

remains insoluble. Westrumb separated the muriate of silver

by digesting the precipitate with ammonia. The liquid from

"which the muriates were separated may contain iron, zinc,

copper. The iron may be precipitated by ammonia added in

excess ; the copper, by a plate of zinc : the zinc may be pre-

cipitated by carbonate of soda, reduced to the metallic state,

and weighed
;
subtracting what had been separated from the

plate of zinc.

Anenhtea 2. Arseniated lead was thus analysed by Vauquelin : 100
Jead

« parts roasted for half an hour, and occasionally treated with a

little tallow, lost 38 parts, which were considered as oxide of

arsenic. The residue was treated with concentrated muriatic

acid, and boiled in it for a quarter of an hour. The liquid

assumed a red colour, and emitted abundance of chlorine gas.

A white needle-form salt was deposited, and some of it was

obtained by evaporation. This salt, dissolved in water, and

treated with sulphate of soda, yielded 25 parts of sulphate

of lead, = 20-2 parts of lead. The liquor thus freed from

lead was treated with ammonia. The precipitate obtained

weighed 39 parts. It consisted of oxide of iron mixed with

oxide of arsenic. The production of chlorine induced Vau-

quelin to consider the lead as in the state of peroxide.f

CwVomW 3 - Carbonate of lead was thus analysed by Klaproth : 100

grains were thrown into 200 grains of nitric acid diluted with

* B»itrag«, ii. 254. t Ann. de Chim. xliii. 86.
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300 grains of water. It dissolved completely with cfferves- cin P . iv.

cence. The loss of weight was 16 grains. It was equivalent ^
to the carbonic acid. The solution, which was colourless,

was diluted with water, and a cylinder of zinc put into it. In

24 hours the lead was precipitated in the metallic state. It

weighed 77 grains, = 82 grains oxide.

If muriatic acid be suspected, it may he easily detected, and

its weight ascertained bv means of nitrate of silver.

4. Sulphate of lead was thus analysed by Klaproth : 100 sulphate,

grains of the ore, heated to redness, lost two grains, w hich

were considered as water. It was then mixed with 400 grains

of carbonate of potash, and heated to redness in a platinum

crucible. The reddish yellow mass thus obtained was digested

in water, and the whole thrown on a filter. The oxide of

lead thus obtained weighed 72 grains. It was dissolved in

diluted nitric acid. One grain of oxide of iron remained

behind. Into the solution a cylinder of zinc was put. The

lead thrown down weighed 66' grains. The alkaline solution

was supersaturated with nitric acid, and then treated with

acetate of barytes. The sulphate of barytes obtained weighed

73 grains, which Klaproth considers as indicating 25 grains

of sulphuric acid.*

5. Phosphate of lead was thus analysed by Klaproth: 100 rebate,

grains were dissolved in diluted nitric acid. Nitrate of silver

dropped into the solution formed a precipitate weighing 1 1

grains, = 1*7 grain muriatic acid. The solution was mixed

with sulphuric acid. The sulphate of lead precipitated

weighed 106 grains, = 78*4 oxide of lead. The solution was

freed from sulphuric acid by means of nitrate of barytes, and

then almost neutralized with ammonia. Acetate of lead was

then dropped in. The phosphate of lead which precipitated

weighed 82 grains, = 18*37 phosphoric acid. The solution

was now mixed with muriatic acid, evaporated to dryness,

and the dry mass washed in alcohol. The alcohol, when

evaporated, left a small residue, which dissolved in water, and

formed Prussian blue with prussiate of potash. It contained

about grain of oxide of iron.f

6. Molybdate of lead was thus analysed by Mr. Hatchett. Mot/Ma*,

The ore was boiled repeatedly with sulphuric acid till the acid

refused to dissolve any more. The solution contained the

molybdic acid. The undissolved powder (sulphate of lead)

• Beitrage, iii. 1G3. \ Ib'.d. 151.

2 R 2
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^
Was boiled for an hour with carbonate of soda, and then
washed. Nitric acid now dissolved it, except a little silica.

The lead was precipitated from this solution by sulphuric
acid ; after which ammonia separated a little oxide of iron.

The sulphuric acid solution was diluted with 16 parts of
1 water, and saturated with ammonia ; a little oxide of iron

gradually precipitated. The solution was now evaporated to

dryness, and the mass strongly heated to separate the sulphate

of ammonia. The residuum repeatedly treated with nitric

acid was converted into yellow-molybdic acid.

9. Ores of Nickel.

No exact method of analysing the ores of nickel has as yet

been published.

1. Copper nickel may be dissolved in nitric acid, by which

the greatest part of the sulphur will be separated. The
arsenic may be afterwards precipitated by the affusion of water.

A plate of iron will expel the copper, if any be present. Pre-

cipitate by potash added in excess, and boil the precipitate,

which will separate the arsenic and sulphur completely. Dis-

solve the precipitate (previously exposed moist for some time

to the air) in acetic acid, and add an excess of ammonia. The
iron is precipitated; but the cobalt and nickel remain in solu-

tion. Evaporate, and the cobalt is deposited ; then by con-

tinuing the evaporation to dryness the nickel is obtained.

Copper
nickel,

Blende,

Calamine,

10. Ores of Zinc.

1. Blende may be treated with diluted nitric acid, which

will separate the sulphur, the siliceous gangue, &c. The

purity of the sulphur is to be ascertained by combustion, and

the residuum analysed in the manner formerly described.

Precipitate the nitric solution by soda, redissolve in muriatic

acid, precipitate the copper, (if any be present) by a plate of

iron
;
separate the iron by adding an excess of ammonia *

The zinc now only remains in the solution, which may be

obtained by evaporating to dryness, redissolving in muriatic

acid, and precipitating by soda.

2. Calamine may be digested in nitric acid, noting the loss

of weight for carbonic acid, and the insoluble residuum boiled

with muriatic acid repeatedly; what remains after dilution

with boiling water is silica. The nitric solution contains zinc,

« Boil this precipitate in potash, to separate the alumina.
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and probably also iron and alumina; evaporate to dryness, ch«p.rv.^

redissolve, and add an excess of ammonia. The iron and

alumina either remain undissolved or are precipitated, and

they may be separated by potash. The zinc may be precipi-

tated by an acid, or by evaporation to dryness. The muriatic

solution probably contains iron and alumina, which may be

precipitated by the rules already laid down.

11. Ores of Antimony.

1 . Native antimony was thus analysed by Klaproth : f00 Nitl,e anli.

grains were digested in nitric acid till the whole was converted mony*

into a white powder. When the acid emitted no longer any

nitrous gas, the mixture was diluted with water and thrown

upon a filter. The solution was then treated with nitrate of

silver. The precipitate yielded by reduction one grain of

silver. The prussiate of potash threw down from the residuum

solution a precipitate which contained -J-th grain of iron. The
white oxide formed by the nitric acid was digested in muriatic

acid ; the whole dissolved and formed a transparent solution.

It was diluted with six times its weight of water, and the pre-

cipitate rcdissolved in muriatic acid, and a cylinder of zinc put

into it. The antimony obtained weighed 98 grains.*

2. Sulphuret of antimony is to be treated with nitro-muri- Sllpbuwt>

atic acid. The sulphur and the muriate of silver (if any silver

be present) will remain. Water precipitates the antimony;

sulphuric acid, the lead; and ammonia, the iron.

3. Klaproth analysed the red ore of antimony as follows : R«l ore of

100 grains were digested in muriatic acid till the whole dis- """"""J'

solved, except 1 !- grains of sulphur. A little sulphuret of

antimony rose with the sulphuretted hydrogen gas exhaled,

and was deposited in the beak of the retort. The solution

was diluted with water. The whole precipitated in the state

of a white powder; for potash threw nothing from the liquid.

The powder was rcdissolved in muriatic acid, an excess added,

and the solution diluted. A plate of iron threw down 67-J-

grains of antimony. The ore then contained 78 3 grains of

oxide of antimony. One hundred grains of the ore yielded

by solution in muriatic acid 37 cubic inches of sulphuretted

hydrogen gas. From this Klaproth concluded that it con-

tained 20 grains of sulphur.+

• Klaproth, iii. 171.

f Beitrage, iii. 179.
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Native bis

12. Ores of Bismuth.

Native b.s-
Native bismuth may be treated with nitric acid. Repeated

concentrations and affusions of water precipitate the bismuth,
and perhaps the arsenic ; but this last may be re-dissolved in

boiling water. The cobalt remains, and may be examined by
the rules to be hereafter laid down. The same analysis suc-

ceeds with the other ores of bismuth. The sulphur when
present remains undissolved.

I shall give, as an example of these ores, Klaproth's analysis

of a sulphuret of bismuth. Fifty grains of the ore were di-

gested in nitric acid. The whole was dissolved except 2i
grains of sulphur. The solution being diluted with water, a
white powder precipitated. The filtered solution was treated

with common salt: at first it produced no change, but by and
bye the whole became milky. The precipitate consisted, like

the last, of oxide of bismuth. The solution continuiii£r clear

for some time, indicated that no silver was present. The white

precipitate was not altered by exposure to the light; an addi-

tional proof that no silver was present.*

13. Ores of Tellurium.

white gold Klaproth dissolved the white gold ore of Fatzbay in nitro-

muriatic acid, and added potash in excess to the solution. A
brown precipitate remained undissolved, which was a mixture

of gold and iron. It was re-dissolved in nitro-muriatic acid,

the gold first precipitated by nitrate of mercury, and then the

iron by potash. The potash in the first solution being satura-

ted with muriatic acid, the oxide of tellurium precipitated.f
The other ores may be analysed in the same manner

;
only

the precipitate occasioned by the potash must be treated

according to the metals of which it consists. The rules have

been already laid down.

14. Ores of ylrsenic.

Native 1- Native arsenic may be treated with nitro-muriatic acid.

arsenic, The silver and gold remain ; the first in the state of a muriate

;

the second may be dissolved by means of nitro-muriatic acid,

and precipitated by sulphate of iron. The arsenic may be

precipitated by concentrating the nitric solution, and then

• Bcitrnge, i. 255.

t Crell's Annals, 1798, i. 95.
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diluting with water. The iron my then be precipitated by cbap.rv.

ammonia.

2. The sulphuretted ores of arsenic may likewise be treated

with diluted nitro-muriatic acid. The sulphur remains un-

dissolved : the arsenic may be precipitated by concentration

and the affusion of water ; the iron by ammonia.

3. Oxide of arsenic may be dissolved in 16 parts of water. oxid»

The solution displays acid properties, and nitrate of silver and

of mercury occasion precipitates in it.

15. Ores of Cobalt.

1. White cobalt ore was thus analysed by Tassaert. To wimeca-

ascertain the proportion of arsenic, he treated the ore with btUore»

diluted nitric acid, and obtained a complete solution. Crys-

tals of white oxide of arsenic were deposited, and by repeated

evaporations he separated the whole of the arsenic, and ascer-

tained its weight. He then boiled a new portion of the ore

with four times its weight of nitric acid, and thus acidified the

arsenic, and obtained a solution. This solution was treated

with potash, which retained the arsenic acid, and separated

the other bodies. A precipitate of arseniate of cobalt, which

had fallen when the nitric solution was diluted with water, was

treated with potash for the same reason. The residuum, to-

gether with the precipitate occasioned by the potash, was dis-

solved in nitric acid, and ammonia added in excess. Part was

retained in solution by the ammonia; but part was precipi-

tated. The precipitate was dissolved in acetic acid, and the

solution repeatedly evaporated to dryness. By this process

the oxide of iron gradually separated in the form of a red

powder. The dissolved part was acetate of cobalt. It was

decomposed by the addition of ammonia in excess, which re-

dissolved the cobalt. By these processes the arsenic and iron

were separated; the cobalt was retained by the ammonia, and

was obtained by evaporation. To ascertain the proportion of

sulphur in the ore, a new portion was boiled with nitric acid.

On cooling, crystals of white oxide of arsenic were deposited.

These being separated, nitrate of barytes was added to the

solution; 100 parts of the dried precipitate indicated 14*5 of

sulphur.*

The other ores of cobalt may be analysed nearly in the

same way.

• Aim. de Chim. xxxviii. 92.
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16. Ores ofManganese.

^Bookm^ i . Barytated manganese was treated by Vauquelin with mu-
riatic acid; chlorine gas passed over, and the whole was

maBgpnwt,
(Jissoive(j except a little charcoal and silica. The solution

when evaporated yielded crystals of muriate of barytes. These
-were separated ; and the liquid, evaporated to dryness, yielded

a, yellow mass soluble in alcohol, and tinging its flame with

yellow brilliant sparks. The proportion of barytes was ascer-

tained by precipitating it in the state of a sulphate ; the man-
ganese, by precipitating it by carbonate of potash.*

-«rej ort of 2. The grey ore of manganese was treated by the same che-
MaKanese, mist wjt{1 muriatic acid ; some silica remained undissolved.

Carbonate of potash was added to the solution. The preci-

pitate was at first white, but became black when exposed to

the air. It was treated with nitric acid, which dissolved every

thing but the manganese and iron (if any had been present.)

The nitric solution, when mixed with carbonate of potash, de-

posited only carbonate of lime. The black residuum was

mixed with sugar, and treated with nitric acid. The solution

was complete ; therefore no iron was present.

The same processes will succeed with the other ores of man-

ganese. When iron is present, it may be separated either as

above, or by the rules laid down in the first Section of this

Chapter ; or we may dissolve the mixture in acetic acid, and

evaporate to dryness two or three times repeatedly. The oxide

of iron is left behind, while the acetate ofmanganese continues

soluble in water.

17. Ores of Tungsten.

mifram, 1 • Wolfram was analysed by the Elhuyarts, and by Vauquelin

and Hecht, nearly as follows : the ore was boiled with muriatic

acid, and then digested with ammonia alternately till the whole

was dissolved. The ammoniacal solutions being evaporated

to dryness and calcined, left the yellow oxide of tungsten in a

state of purity. The muriatic solutions were mixed with sul-

phuric acid, evaporated to dryness, and the residuum redis-

solved in water. A little silica remained. Carbonate of pot-

ash precipitated a brown powder from this solution. This

powder was treated with boiling nitric acid repeatedly, till tlve

iron which it contained was oxidized to a maximum. It was

then digested in acetic acid, which dissolved the manganese,

* Jour, de Min. No. xiv. 40.
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and left the iron. Finally, the manganese was precipitated by chap.iv.

an alkali.
V—"v"^"/

Tungstate of lime was thus analyzed by Klaproth. One Tungstateof

hundred grains of it were digested in nitric acid. The yellow
,me'

coloured residue was washed and digested in ammonia. The
residue was digested in nitric acid and ammonia alternately till

a complete solution was obtained. Two grains of silica re-

mained behind. The nitric acid solution was mixed with am-

monia, but no precipitate appeared. It was then mixed with

a boiling solution of carbonate of soda. The precipitate dried

weighed 33 grains. It was carbonate of lime; but when re-

dissolved in nitric acid, it left one grain of silica. Thirty-two

grains of carbonate are equivalent to 17'6 of lime. The am-
moniacal solution, by evaporation, yielded small ncedleform

crystals. When heated to redness in a platinum crucible, they

left 77 f grains of oxide of tungsten.*

18. Ores of Molybdenum.

Molybdena may be treated with nitric acid, successively m !..• >.,-.*.

boiled upon it till it is converted into a white powder. This

powder, washed and dried, is molybdic acid. The liquid ob-

tained by washing the acid, on the addition of potash, deposits

some more molybdic acid, This being separated, muriate of

barytes is to bedroppetl into it as long as any precipitate appears.

One hundred parts of this precipitate indicate 14*5 of sulphur.

19. Ores of Uranium.

1. Pechblendc, or the black ore of uranium, was dissolved rechbie«d«,

by Klaproth in nitric acid. The undissolved part is a mixture
of silica and sulphur. By evaporating the solution, nitrate of

lead was precipitated ; then nitrated uranium in crystals. The
solution being now evaporated to dryness, and treated again

with nitric acid, left the iron in the state of red oxide.

2. Uranitic ochre may be treated with nitric acid, which dis- v™hic
solves the uranium, and leaves the iron. The purity of the ochre '

iron may be tried by the rules already laid down.

3. Green mica was dissolved by Klaproth in nitric acid, and Green mict,

ammonia added in excess to the solution. The oxide of ura-
nium was precipitated ; that of copper retained.

20. Ores of Titanium.

The ores of titanium, reduced as usual to a fine powder, are

• Beitrage, iii. 45.
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Book nr. to be fused with potash or its carbonate. The melted mass is
S

then to be dissolved in hot water. A white precipitate gra-
dually separates, which is the white oxide of titanium. This
is all that is necessary to analyse the oxides ; but when iron
and silica are present, the following method of Chenevix may

Menacba- be adopted : saturate the alkaline solution with muriatic acid.

White oxide of titanium precipitates. Separate the precipi-

tate, and evaporate the solution to dryness. Redissolve the

residuum in water. The silica remains behind. Precipitate

the solution by an alkali; add the precipitate to the white oxide

obtained at first, and dissolve the whole in sulphuric acid.

From this solution phosphoric acid precipitates the titanium,

but leaves the iron.*

The species which contains lime, and no iron, is to be fused

with potash, dissolved in muriatic acid, and the silica separated

in the usual way. After this the titanium is first to be sepa-

rated from the muriatic solution by ammonia; and afterwards

the lime by an alkaline carbonate.

21. Ores of Chromium.

chromateof 1. Vauquelin analyzed the chromate of lead in the following

manner : when boiled with a sufficient quantity of carbonate of

potash, a lively effervescence takes place; the acid combines

with the potash; and carbonate of lead is formed, and remains

undissolved. It may be dissolved in nitric acid, and its quan-

tity ascertained by precipitation with sulphuric acid. Or the

chromate may be treated with muriatic acid ; muriate of lead

precipitates, and chromic acid remains in solution. This pro-

cess must be repeated till the whole of the ore is decomposed.

There remains in solution chromic acid mixed with a little

muriatic, which may be separated by means of oxide of silver,

cbromateof 2. Tassaert analyzed the chromate of iron as follows : it was

melted with eight times its weight of potash in a crucible.

The resulting mass dissolved in water except a brown powder.

This residuum was treated with muriatic acid, which dissolved

a part of it. The residuum was treated, as at first, with potash

and muriatic acid, till the whole was dissolved. The alkaline

solution contained the chromic acid ; the muriatic solution the

iron, still mixed with a little chromium. It was precipitated

by potash, and the precipitate boiled with that alkali, to sepa-

rate the whole of the chromic acid. What remained was pure

iron

* Nicholson's Jour. v. 132.
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oxide of iron. The chromic solutions were saturated with chap.iv.

nitric acid, and mixed with nitrate oflead. The resulting pre-
v""'"v—

cipitate indicated the proportion of chromic acid ; for 100 parts

of chromatc of lead indicate about 35 of chromic acid.

SECT. IV.

METHOD OF OBTAINING PURE METALS.

The method of analyzing the different ores with precision

being ascertained, we have it in our power to obtain the metals

in a state of purity, which is often necessary for chemical pur-

poses. In this Section I shall give a short view of the processes

commonly employed for that purpose.

1. Gokt. To obtain pure gold, we have only to dissolve the

gold of commerce in nitro-muriatic acid, and precipitate the

metal by dropping in a solution of sulphate of iron, the pow-

der which precipitates, alter being well washed and dried, is

pure gold.

2. Platinum. Platinum can scarcely be obtained perfectly

pure in the malleable state, at least in any considerable quan-

tity ; because a sufficient heat for melting it cannot be obtained.

But its powder may be procured pure from the muriate of pla-

tinum and ammonia, prepared by the rules laid down in the

last section. This salt is to be decomposed by heat, and the

residuum, if necessary, may be redissolved in nitro-muriatic

acid, and precipitated again.

3. Silver. Dissolve the silver of commerce in nitric acid,

and precipitate with a diluted solution of sulphate of iron.

The precipitate is pure silver. Or precipitate with common
salt; form the precipitate into a paste with soda; put it into

a crucible lined with soda, and fuse it with a brisk, heat. This

process gives a button of pure silver.

4. Mercury may be obtained pure by distilling a mixture of

two parts cinnabar and one part iron-filings in an iron retort.

The mercury comes over, and the sulphuret of iron remains

behind ; or the oxymuriate of mercury may be decomposed by
ammonia, and the precipitate heated either by itself or mixed
with oil.

5. Copper may be dissolved in muriatic acid, and the copper

precipitated by a polished plate of iron ; or the black oxide of
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Book hi. copper, obtained by decomposing cuprated ammonia, may be
^V"*"^ melted with its own weight of pounded glass and pitch.

6. Iron can scarcely be obtained perfectly free from carbon.

The processes described in a former part of this work furnish

it as pure as it can be procured.

7. Tin may be obtained pure by solution in strong nitric

acid; the peroxide of tin is formed, which is insoluble. Let
it be digested first with muriatic acid, and afterwards with aqua
regia. Mix the oxide thus purified with its weight of pitch

and a little borax, and melt it in a crucible.

8. Lead may be obtained pure from the carbonate by solu-

tion in diluted nitric acid, and precipitation by a cylinder of

zinc ; from the sulphuret, by solution in nitric acid, mixing

the solution with muriatic acid, and crystallizing. The crys-

tals of muriate of lead are to be dissolved in boiling water, and

then evaporated to dryness. The mass is to be melted in a

crucible with 2^ times its weight of black flux.

9. Chemists have hitherto failed in their attempts to obtain

nickel in a state of absolute purity. The great difficulty is to

separate it from cobalt
;
upon which all reagents have nearly

the same action. The following ingenious method has been

proposed by Mr. Phillips : dissolve the nickel of commerce in

nitric acid to saturation. Throw down the arsenic acid by

nitrate of lead. Then, after filtration, add an excess of nitric

acid, and introduce an iron rod into the solution to throw

down the copper. After this precipitate the whole by carbo-

nate of potash, and digest the precipitate in liquid ammonia.

The cobalt and nickel are taken up; the iron and lead

remain. Dilute the solution with water ; add an excess of

ammonia; then pour potash into the solution. The cobalt

remains in solution, but the nickel precipitates in the state of

a pure oxide, and may be reduced by exposure to a strong

heat.* The process of Richter is complicated, and cannot

easily be reduced to a formula.

I conceive that nickel in a state of sufficient purity may be

procured by the process which I have described in volume i.

p. 40'i of this work.

10. Zinc may be dissolved in sulphuric acid, and a plate of

zinc allowed to remain for a considerable time in the solution.

It is then to bo filtered, and the zinc to be precipitated with

carbonate of soda. The precipitate, edulcorated and dried, k

* Phil. Mag.xvi. 312.
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to be mixed with half its weight of pure charcoal, and distilled cbaP .

in an earthenware retort. The zinc is found pure in the neck

of the retort.

11. Antimony may be dissolved in nitro-muriatic acid, and

precipitated by the affusion of water. The precipitate is to be

mixed with twice its weight of tartar, and fused in a crucible.

A button of pure antimony is obtained.

12. Bismuth, if impure, may be dissolved in nitric acid, and

precipitated by water. The edulcorated precipitate, formed

into a paste with oil, and rapidly fused with black flux, gives a

button of pure bismuth.

13. Tellurium was obtained pure by Klaproth, by forming

its oxide into a paste with oil, and heating it to redness in a

retort. The metal was rapidly revived.

14. Arsenic, in the state of white oxide, may be mixed with

black flux and distilled.

15. Cobalt may be obtained pure, in all likelihood, by fol-

lowing the process proposed by Philips for the purification of

nickel. The following is a much cheaper process recom-

mended by Trommsdorf: mix a pound of the best smalt with

four ounces of nitre and two ounces of charcoal powder, and

throw the mixture at intervals into a red hot crucible. This

process is to be repeated three times. The mixture is then

to be kept in a strong heat for an hour, stirred well, then

mixed with four ounces of black flux, and kept in the strong

heat of a forge for an hour longer. The cobalt, reduced by

this treatment, is still impure. It is to be mixed again with

thrice its weight of nitre, and deflagrated in a red hot cru-

cible by small portions at a time. By this process the iron

is peroxidized, and the arsenic acidified. The mass is to be

well washed, and the oxide of cobalt separated by filtration.

This oxide is to be dissolved in nitric acid, and evaporated to

dryness. A fresh portion of acid is to be added, and the mass

exposed to a moderate heat. Dilute with water, and filter to

separate the remains of the iron. Precipitate by pure potash,

and reduce the oxide.*

16. Manganese. Digest the black oxide of manganese re-

peatedly in nitric acid; then mix it with sugar, and dissolve

it in nitric acid. Filter the solution, precipitate by an alka-

line carbonate, form the white carbonate thus obtained into a

paste with oil, and put it into a crucible well lined with char-

* Jour, de Chirn. iv. 75.
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in. coal. Expose the crucible for an hour to the strongest heat

of a forge.

17. Tungsten was obtained.by Elhuyart by heating the yel-

low oxide violently in a crucible lined with charcoal ; but this

process has not succeeded with other chemists.

18. Molybdenum may be obtained by forming molybdic acid

into a paste with oil, and heating it violently in a crucible

lined with charcoal.

19- Uranium is procured by forming the yellow oxide of

that metal into a paste with oil, drying it in a moderate heat,

putting it into a crucible lined with charcoal, with a little

lamp-black strewed over it. After luting on the cover, it is to

be heated, at first gently, and then violently, for three quar-

ters of an hour.

20. Titanium, in a very small proportion indeed, was ob-

tained in the metallic state by mixing together 100 parts of the

red oxide of the metal, 50 parts of borax, and five parts of

charcoal, and forming the mixture into a paste with oil. This

paste was put into a crucible lined with charcoal, and exposed

for an hour and a half to the violent heat of a forge.*

21. Chromium was obtained by Vauquelin in the metallic

state, by putting a portion of chromic acid into a charcoal

crucible, inclosed in a common crucible lined with charcoal,

and exposing it for an hour to the violent heat of a forge.

22. Cerium is easily separated from the other substances

with which it is combined by means of the oxalate of ammo-
nia. And by exposing the oxalate of cerium to a red heat the

oxide of cerium is obtained. We are not in possession of any

method of procuring cerium in the metallic state.

23. For tantalum I refer the reader to what I said on the

subject when treating of that metal, vol. i.

* A heat of 166° W. See Vauquelin and Hecht, Jour, de Min. xy. 20.

END OF VOL. III.














