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PREFACE.

Tre work which I now offer to the public, is the result of a
Inborious investigation which has occupied almost the whole
of my spare time during a period of about ten years. The
object in view, was to ascertain the chemical constitution of
the different minerals which occur on the surface of the globe.
For this purpose, I subjected to a rigid analysis every species
that I could procure, except those which had been already
investigated with sufficient accuracy by other chemists. Dur-
ing the course of this investigation, I analyzed several hundred
specimens, and at least as many more were subjected to ana-
lysis by the numerous pupils who attended my laboratory, not
a few of whom acquired great dexterity and accuracy in
analysis, and have already, or speedily will distinguish them-
selves as analytical chemists. During these investigations, I
met with a considerable number of new species hitherto over-
looked by mineralogists, chiefly in specimens from Ireland,
North America, and the West of Scotland. These new spe-
cies, amounting to nearly 50, will be found described in the
first volume of this work.

Every true mineral species is a chemical compound, the
constituents of which are united in definite proportions, and
the greater number of them consist but of a very few ingre-
dients. What makes it difficult or impossible to determine
these ingredients with the requisite accuracy, is, that very few
minerals are free from a mixture of foreign matter interspersed
among their particles. As we cannot at present determine
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what eonstituents are essential, and what accidental by actual
experiment, we are left in some measure to conjecture, and I
have no doubt that 1 have more than once drawn wrong con-
clusions from my analysis, respecting the true chemical con-
stitution of the minerals analyzed. I endeavoured, where that
was in my power, to examine the same mineral species from
different localities. Those constituents which were never
wanting, were considered as essential, while those that were
wanting in certain individuals, were considered as accidental
impurities, But even this method, though at first sight
plausible, if not satisfactory, fails in some of the most common
mineral species, as pyroxene, amphibole, and garnet, in which
we find minerals having the same crystalline form, and yet
differing completely in their composition. This is ascribed
by modern chemists to what they call isomorphism of certain
constituents of minerals. Isomorphous bodies may be substi-
tuted for each other in the same mineral without any altera-
tion in the crystalline form, and consequently without altering
the species. I am rather inclined to believe, that in these
cases, two or more species having nearly the same crystalline
form, have been confounded together, or occur naturally mixed
with each other, in consequence of the similarity of their
form. But the subject still requires a more rigid investiga-
tion.

The Geological outline which constitutes the first part of
the second volume, has been added, to enable the chemical
reader to judge of the position of the various minerals, and
thus be the better enabled to draw conclusions respecting the
accidental impurities which occur in each. At present, geo-
logy constitutes the fashionable study in this country, and the
greater number of its votaries consider mineralogy as quite
unnecessary. But no mistake can be greater or more fatal to
the true progress of geology. Without an accurate knowledge
of minerals, we cannot judge accurately of the nature of rocks,
nor distinguish them correctly from each other. The mere
knowledge of fossils is considered at present as sufficient to
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enable a geologist to discriminate between different forma-
tions. And there can be no doubt that it is a most important
element in such a determination. But it has not yet been
proved, that formations may not have been deposited at the
same time in distant parts of the globe, and that the fossils
which they contain may be different. The animals, for ex-
ample, in New South Wales and in Britain, are quite differ-
ent. Hence, it is evident, that were beds formed at present
from the debris of the land in each of these countries, and
were they to envelope the remains of the animals of each
country, these beds, though deposited at the same time, would
contain quite different fossils.

The mineral analysis, which constitutes the third part of
this work, has been added to enable chemists to judge of the
accuracy of the analyses contained in the first part. I thought
also that it might be useful to those young British chemists,
who were desirous of perfecting themselves in this important
branch of practical chemistry.
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MINERALOGY AND GEOLOGY.

TaE following work is divided into three parts: The
first contains a description of all the minerals, (so far as
at present known,) by the aggregation of which the
globe of the earth is composed. The second gives an
account of the nature and position of the different rocks
of which the external crust of the earth, so far as
hitherto penetrated, is composed. In the third, the
methods are detailed by which minerals may be ana-
lyzed, and their different constituents determined. The
subject treated of in the first of these parts is called
Mineralogy, that treated of in the second, Geology,
and in the third, The Analysis of Minerals.




PART 1.

OF MINERALOGY.

INTRODUCTION.

THE term mineral is applied to all the solid materials of the
globe, when these materials are komogeneous, or composed of
one substance aggregated together in masses, as is the case
with sulphur, iron, antimony, diamond, &c., or when they are
composed of two or more constituents united together in
chemical proportions. Thus, iron pyrites is a compound of 1
atom of iron and 2 atoms of sulphur ; sulphide of antimony
is a compound of 1} atom sulphur, and 1 atom antimony ;
quartz, of 1 atom silicon, and 1 atom oxygen. In like manner,
Jelspar is a compound of 3 atoms tersilicate of alumina, and 1
atom of tersilicate of potash, while albite is composed of 3 atoms
tersilicate of alumina, and 1 atom tersilicate of soda. When
a mineral is not composed of constituents united together in
chemical proportions, but which vary in different specimens,
such minerals are cousidered merely as mechanical mixtures,
and belong not to mineralogy, but geology.

Mineralogy may be considered as a modern science. It had
made no satisfactory progress among the ancients. Theo-
phrastus, indeed, has left us a treatise on stones; but his
descriptions are so vague that we are often left to conjecture
the minerals to which he alludes; and, even if all the minerals
which he describes were accurately known, they would consti-
tute but a very small portion of the mineral kingdom. In the
poem on minerals, ascribed to Orpheus, the case is still worse ;

.o
e

twenty-four different species of stones are indeed named, but
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no description” whatever is given. Pliny has drawn up a
catalogus of a considerable number of minerals; but it consists
merely of the names of the species, with a few observations on
the uses to which they were put. Of this catalogue, only a
small number has been made out by modern mineralogists ; by
far the greatest portion remains quite unknown.

-.*We can scarcely be said to have possessed any Mineral

e, ®ystem till Cronstedt published his System of Mineralogy, in

cr..

%1753, His descriptions are, indeed, very imperfect; but

there is an attempt at a systematic arrangement. Werner, in
1778, first contrived a mineralogical nomenclature, and showed
how minerals might be described in an intelligible manner to
others. It was after the publication of this nomenclature that
mineralogy began to improve with rapidity ; and Werner
himself, who had been appointed Professor of Mineralogy in
the Mining Academy of Freyberg, contributed not a little to
its rapid extension. He did not, indeed, publish any system
of mineralogy, but he arranged minerals according to the
system of Cronstedt, as he had improved it. He was inde-
fatigable in collecting minerals,, assiduous in describing them,
and he drew up every year, for the use of his students, a
catalogue of all known minerals, arranged in the way that he
was in the habit of describing them. Copies of his lectures
were taken down by his pupils, and numerous systems of
mineralogy drawn up from them and published. One of the
earliest of these was Emerling’s, and one of the latest, and
most complete, was Hoffman’s Handbuch der Mineralogie, in
four volumes octavo.

Werner added greatly to the number of mineral species ;
but, as in forming them, he was merely regulated by his own
notions, and had never laid down any specific rules, none of
his pupils were capable of forming new species. Hence his
system was not susceptible of amelioration or correction, and
could only therefore last during the lifetime of the original
contriver of it.

Hauy first successfully investigated the mathematical struc-
ture of crystals, taking up the subject where it had been left
by Romé de Lisle. He determined the primary form of every
mineral, and showed how all the secondary forms were derived
by simple laws of decrement from this primary form. The
knowledge of these primary forms enabled him to arrange the
mineral species with more precision than had been done before
him. He defined a mineral species to be a substance’composed
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of the same constituents united in the same proportions, and
possessed of the same crystalline form. In fact, he was almost
entirely regulated in his formation of species by the form of
the crystal. The chemical composition was taken into con-
sideration only when two minerals, having the same crystalline
shape, differ in their composition. Thus the primary form of
galena and of common salt is the same, both being cubes. But
galena is a compound of sulphur and lead, while common salt
is a compound of chlorine and sodium. They must, therefore,
constitute two distinct species.

Hauy obtained bis primery forms by mechanical division.
Such a process in many cases cannot be adopted. When this
happened, he chose that form from which the secondary forms
could be deduced with the greatest simplicity; and he was
often far from happy in his choice. In his measurement of
crystals, he employed merely the common goniometer, which
is not susceptible of giving the angle within less than half a
degree of the truth. This error he corrected, by supposing
the primary form which he deduced, either a regular solid, or
at least perfectly symmetrical, and from this assumed primary
form he deduced all the angles of the secondary crystals by
trigonometrical calculations.  After the invention of the
reflecting gomiometer, by Dr. Wollaston, which is capable
of measuring the angles of crystals within one minute, the
angles of all crystalline bodies were again examined by other
mineralogists, and it was found that the angles assumed by
Hauy were very seldom the true ones, differing from the real
angles of the crystals frequently by several degrees. This
has rendered Hauy’s measurements, and even his calculations,
of comparatively little value for the science of mineralogy.

Another unfortunate method adopted by Hauy was to
impose a name upon every secondary crystal, and to consider
each of their secondary forms as existing by itself indepen-
dent of all the rest. This renders it difficult to remember all
his secondary forms when they are very numerous, as happens
with respect to calcareous spar, sulphate of barytes, iron
pyrites, &c. It renders the perusal of his book so irksome,
that it can hardly ever be undertiken without some specific
object in view. .

The individuals to whom we lie under the greatest obliga-
tions for the measurement of crystals in Great Britain, are
Mr. Brooke and Mr. William Phillips. The former gentle-
man, in his Introduction to Crystallography, has given an
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alphabetical catalogue of minerals, to a great number of which
he has affixed his own determination of the primary crystal-
line form. Mr. William Phillips, in his Elements of
Mineralogy, has not only given the primary form of almost
every mineral determined by his own wmeasurement, but
likewise figures of the most important of the secondary faces,
together with tables of the angles which they form with each
other, and with the primary faces. This stamps a value upon
the work of no ordinary kind.

In Germany, the mathematical theory of crystals was
investigated by M. Weiss; and he conceived the fortunate
idea of connecting all the secondary forms with the primary
form by simple laws. This makes it much easier to remember
the whole, by giving a unity to the subject, which Hauy has
failed to do. Most of his calculations were made from the
previous measurements of Hauy; but Mohs, who was an
excellent practical mineralogist, adopted nearly the same
idea. He and Mr. Haidinger, who had made himself a
profound master of the theory of crystals, examined anew
the angles of a vast number of crystallized minerals, and
founded upon these labours a system of mineralogy, which
they endeavoured to make independent of every other branch
of science.- They arranged minerals into classes, orders,
genera, and species. KEvery species is distinguished by a
property considered as capable of accurately discriminating
it from every other species. This property is called the
characteristic. It is founded upon three characters of
mtinerals, namely, the hardness, specific gravity, and the
crystalline form.

Mohs has arranged all minerals in what he calls a natural
history order. 'The object of his arrangement is to enable a
beginner to discover the name of any mineral contained in
the system by its characters, precisely in the same way as in
botany or entomology, any plant, or insect, contained in the
system may be discovered by attending to its characters.
And M. Mohs considers it as a vast advantage to mineralogy
to be thus freed from the trammels of Chemistry, by which it
has been hitherto hampered.

It would certainly be a boon to mineralogists of no mean
value, if a method could be devised to enable a student to
discover the name of any mineral contained in the system.
But from the very nature of minerals the discovery of such a
method is attended with much greater difficulty thancin  the
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other branches of natural history, in which organized beings
are arranged ; because, in them the form and peculiar struc-
ture of the respective organs affords accurate and character-
istic distinctions, The only thing analogous to organization
in minerals is the form of the crystal; but to be able to
deduce accurate distinctions from these forms requires a
previous acquaintance with crystallography, which can only
be obtained by the study of crystals. That is to say, that
before we be in a condition to discover the names of minerals
from their crystalline forms, we must be acquainted with
them. Besides, minerals do not always occur crystallized;
and in such cases, our characteristic would be totally at fault,
and would leave us incapable of drawing any conclusion,

M. Mohs gets over this difficulty, by affirming, that
crystallized minerals alone belong to mineralogy as a science ;
that amorphous minerals are mere aggregates of minute
crystalline particles incapable of description or arrangement.
But supposing this to be a correct view of the subject, still,
if mineralogy were to be confined to mere crystallized bodies
it would be divested of the greatest part of its utility ; for
a very great proportion of those minerals that are of the
greatest utility to man, and which, therefore, it is peculiarly
important to be able to distinguish from others, are seldom
found in the state of regular crystals. How often do the
ores of tin, copper, lead, and iron, occur in an amorphous
state? And were a mineralogist incapable of distinguishing
them from each other, and from other minerals, except in the
rare cases when they assumed a regularly crystallized form,
. his knowledge would be useless as far as the important arts of
mining and metallurgy are concerned.

The specific gravity is certainly a universal property; as
no mineral whatever is destitute of it. And when minerals
are pure, their specific gravity is pretty nearly determinate ;
as the range in the same mineral is never very considerable.
But specific gravity alone is not sufficient to enable us to
distinguish minerals from each other; because many various
species have so nearly the same specific gravity, that we
might be unable to determine which of five or six minerals
we had got if we bad no other character to guide us but the
specific gravity.

The bardness in general is pretty constant in pure minerals.
But our methods of determining it are but imperfect. The
consequence is, that many minerals approach each other in
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hardness so nearly, that by that property alone we could not
with accuracy distinguish them from each other.

It appears to me, that mineralogy is so closely connected
with ckemistry, and so dependent on it for its specific distinc-
tions that it would be highly injurious to it, and, therefore,
very unwise to attempt to deprive it of so important an ally.

* It would be nearly the same as if the Astronomer were to
announce that his science was independent of Mathematics,
and were, therefore, to insist upon banishing that indispen-
sable auxiliary from his sublime science.

Every mineral species is a chemical compound, and it con-
sists of the very same constituents united in the very same
proportions. This constitutes the essence of a mineral spe-
cies, and therefore it can be determined only ultimately by
chemical analysis. The mere crystalline shape alone is. insuf-
ficient to constitute a mineral species; because the same shape
often exists when the composition is very different. And this
not merely in regular mathematical figures, as the cube and
octahedron, in which such a difference bas been long admitted ;
but also in other shapes that possess no such mathematical
regularity, as in Harmotome and Phillipsite, and in two mine-
rals hitherto confounded under the common name of chabasite.
And in the same way, various minerals at present confounded
vader the specific names garnet, amphibole, pyrozene, because
their crystalline shapes agree, in reality constitute different
species, being composed of different constituents.

Unless we admit that a mineral species is composed of the
same constituents united in the same proportions, we destroy
altogether their fixity, and bring the whole into a chaos
similar to the present state of the species amphibole, pyroxene,
and garnet. I have, therefore, in the following work, arranged
minerals entirely upon chemical principles; and a very few
observations will be sufficient to point out the views according
to which this arrangement is founded.

Bodies which unite together in definite proportions belong
to two distinct classes, distinguished from each other by the
name of Acids and Alkalies or Bases. All minerals consist
essentially of these two classes of bodies, either in an insulated
state or united together. Hence, I divide the Mineral King-
dom into the two great classes of Acids and Bases. In the
present imperfect state of our knowledge, I have thought it
right to add a third class, entitled, Neutral Bodies, or bodies
which neither possess acid nor alkaline properties.  This class
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is only temporary, for I have no doubt that the bodies at
present placed in it will hereafter find their arrangement,
either among the acids or bases. But I placed the few bodies
that belong to it in their present situation, because they
exhibit no disposition to unite with, or at least, are never
found united either to acids or bases, but simply with each
other, or with a few other metals. The neutral bodies are
gold, platinum, and iridium.

The class of acids is divided into fifteen genera, because
fifteen acids or their bases exist in the mineral kingdoms.
For the same reason the class of alkaline bodies is divided
into 27 genera, and the class of neutrals into 8 genera.

I shall finish these introductory observations with a few
observations on the most important characters by which mine-
rals may be distinguished from each other. The three pro-
perties by far the most fixed and steady, are hardness, specific
gravity, and crystalline shape. To these, therefore, we shall
turd our attention in the first place.

1. Hardness. The hardness of minerals, no doubt, depends
upon the nature of their constituents, or, at least, upon the
way in which they are arranged. The ultimate atoms of
bodies are, probably, all extremely hard. But their minute-
ness is such, that they never can become objects of our senses,
except when aggregated together. The minutest particles of
carbonate of lime (for example) which we can obtain, must
contain both carbonic acid and lime, and probably many parti-
cles of each. But a particle of carbonic acid is a compound
of three atoms, and a particle of lime of two atoms. Hence,
a single integrant particle of carbonate of lime, must contain,
as a minimum, 5 atoms of matter. The hardness of bodies
depends chiefly upon what has been ealled the attraction of
aggregation, or the force by which homogeneous bodies are
attracted towards each other. - This attraction seems to be in
general, greatest between the particles of simple bodies.
Thus, the diamond constitutes the hardest body in nature;
quartz and sapphire consisting, the former of grains of silica,
and the latter of particles of alumina aggregated together, are
also very hard. But sulphur, arsenic, and antimony, though
simple bodies, are far from hard. Those minerals which con-
tain a considerable proportion of alumina, zirconia, yttria, and
glucina, are usually hard; while lime, magnesia, barytes, and
strontian, exist in comparatively soft minerals. Many of the
silicates are hard.
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We must carefully distinguish between toughness and kard-
ness. By the former is meant difficult frangibility, or a
resistance which the particles offer to be separated from each
other. By hardness, is meant the property which one mineral
has of scratching another, or the power which it has to resist
the action of the file. 'When a mineral is capable of scratch-
ing another, we consider it as the harder of the two. Thus,
quartz is capable of scratching felspar, while felspar is incapable
of scratching quartz. Hence, we infer, that quartz is the
harder of the two minerals.

It is difficult to convey an idea of the relative hardness of
minerals by a long description. The method first put in
practice by Kirwan, of using figures for that purpose, is more
convenient than any other. He distinguished the relative
bardness of minerals into 10 different degrees, that of the
diamond the hardest mineral in nature being denoted by 10.
Mohs has adopted the same plan, though he has neglected to
mention the source whence he derived his first idea of it. But
he has given us a mineral whose hardness is denoted by each
of his figures. Every mineral is supposed to possess the
hardness denoted by the figure, or a hardness intermediate
between some two of the numbers, which, of course, will be
denoted by a fraction. The following table will render the
nomenclature of hardness sufficiently intelligible :—

1 denotes the hardness of Talc. .

Rocksalt, gypsum,
Calcareous spar.

Fluor spar.

Apatite or phosphate of lime.
Felspar or adularia.

Rock crystal.

Topaz.

Corundum.

Diamond.

QL ODNIC LN
T T O O O
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These minerals are all easily procurable, and therefore may
be kept on purpose, to serve as objects of comparison.

In trying the hardness of a mineral we should avoid apply-
ing a sharp pointed mineral to it for that purpose, otherwise
we may sometimes be led to consider it as softer than it really
is. A good way to judge of the comparative hardness of two
minerals is to draw the file over each ; if there be @ difference
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in the hardness we will discover it by the way in which each
will affect the file when drawn over it.

2. The specific gravity of minerals, or the weight of a
given volaume of each ought to depend upon the chemical
composition, and the crystalline shape; for it is obvious that
bodies composed of the same chemical constituents, arranged
in the same way, must have the same specific gravity. This
character is of importance, and dften enables us to determine
the species of a mineral, even when several of the other im-
portant characters are wanting; for, as the specific gravity
depends upon the arrangement of the particles as well as the
crystalline shape, it is obvious that the one may be considered
as an index to the other.

The lightest body hitherto met with in the mineral king-
dom, is the substance formerly known by the name of mineral
tallow, and which Mr. Conybeare (probably without being
aware that it had been long known) distinguished by the
name of Hatchetine :* its specific gravity is 0:6078. The
heaviest body hitherto met with in the mineral kingdom is
the ore of iridium, which has a specific gravity of 19-5, or a
little greater than pure hammered gold.

8. Minerals occur in the mineral kingdom in regular geo-
metrical figures, the faces of which constitute planes inclined
to each other at determinate angles, or at least deviating but
little from each other, and constituting well defined crystals.
This could hardly be the case unless the integrant particles of
which each mineral is composed possessed a certain determi-
nate shape. And unless we suppose farther that the aggrega-
tion is produced by these integrant particles always arranging
themselves in one determinate way, we must suppose these
particles possessed of a kind of polarity like magnets, so that
certain poles attract each other, while others on the contrary
repel. These mutual attractions and repulsions would un-
dopbtedly cause them to be always aggregated together in
the same way.

‘Were these suppositions well founded, one would expect
that every mineral would always assume the very same crys-
talline shape ; but this is very far from being the case : almost
every crystallized mineral assumes different modifications of
form, often so different, that they seem at first sight to have no

* Some mineralogists include air and the gaseous bodies among minerals.
But it seems clear that the aerial as well as the agueous fluids belonging

to our globe ought to conmstitute classes quite distinct: from ‘those bof
minerals.
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connexion whatever with each other. Thus calcareous spar
is crystallized in rhomboids of various kinds, in pyramidal
dodecahedrons, in six-sided prisms, four-sided prisms, three-
sided prisms, and in many other forms. Fluor spar occurs in
cubes, and in regular octahedrons.

Hauy* first noted that in all such cases we can, by a
cautious dissection of the crystal, extract from it a nucleus;
and that this nucleus in the same mineral species has always
exactly the same form. Thus, whatever be the shape of a
crystal of calcareous spar, we can always extract from it an
obtuse rhomboid whose faces are inclined to each other at
angles of 105° 5. Every cube of fluor spar by cautiously
dissecting off the angles, yields for a nucleus a regular octa-
hedron. The nucleus thus extracted has received the name
of the primary form of the mineral, and characterizes the
mineral species to which it belongs. Hauy showed how all

. the secondary forms (as the other forms are called,) may be
deduced from the primary form by certain hypothetical laws
of decrement, by means of which the connexion and depen-
dence of all the secondary forms upon the primary forms may
be mathematically deduced.

But there are certain minerals whose chemi-
cal composition is identical, that nevertheless
have primary forms quite distinct from, and
incompatible with each other. Thus, sulphur
when found crystallized in a native state has
the form of a double four-sided pyramid with a
rhomboidal base; or it constitutes an oblique
octahedron, as represented in the margin, the
faces of which are thus inclined to each other,

P on P’ 106° 20’

Pon P’ 143 25
When a large quantity of sulphur

is melted in a crucible, and cooled

slowly, pouring out the liquid por-
tion after it has begun to congeal,
pretty regular crystals will be found
adhering to the inside of the vessel.

These crystals have the figure repre-

sented in the margin,,a right rhom-
boidal prism ; now, this form is incom-

* The fact indeed had becn discovered by Bergmuan, ‘or (rather (by
Gahn, but they did not prosccutc it.
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patible with the former, or cannot be deduced from it by the
usual laws of decrement.

Calcareous spar has for its primary
form a rhombohedron, as represented
on the margin, in which

Pon P/ 105° 5'.
But the primary form of the arrago-
nite is a right rhombic prism, in
which
M on M’ 116° 10

Yet, as far as can be determined by
chemical analysis, the constituents of
both are exactly the same. The
two forms, however, are incompati-
ble with each other, and the minerals
differ not merely in shape, but also _
in their specific gravity and hard-
ness.

Common iron pyrites has a cube
for its primary form, but the primary
form of white or cockscomb pyrites
is a right rhomboidal prism, M on
M’ 106°. Yet the constitution of
both is the same, namely, 2 atoms of
sulphur, and 1 atom of iron.

The minerals called idocrase, and grossularite or green garnet,
are composed of the same constituents, namely,

1 atom silicate of alumina.

1 atom silicate of lime.
Yet the primary form of the idocrase is a right square prism,
and that of the grossularite a rhomboidal dodecahedron.

From these examples we see that mere identity in chemical
composition is not always sufficient to constitute identity of
species. It would not do, therefore, in constituting mineral
species, to be guided entirely by chemical composition. We
must take into consideration the other characters; namely,
crystalline form, specific gravity, and hardness; and when
these differ materially, it is obvious, that notwithstanding
identity in composition, we must constitute minerals so differ-
ing into different species.

It would be still more dangerous to rely upon crystalline
form alone, in constructing mineral species; for nothing is
more common than to find two minerals having the same crys-
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talline form, and yet differing from each other in almost every
other particular. Thus, galena, iron pyrites and analcime have
each a cube for its primary form; yet the first is a sulphuret of
lead, the second a bisulphuret of iron, and the third a compound
of 8 atoms bisilicate of alumina, 1 atom bisilicate of soda, and
2 atoms water. Spinell and sal ammoniac have each the
regular octahedron for the primary form, though the former
is composed of alumina and magnesia, and the latter of muriatic
acid and ammonia.

These facts are so well known that even the most zealous
crystallographers are obliged, in forming species, to have
recourse to chemical analysis, and to acknowledge that the
mineral kingdom cannot be accurately arranged into species
without having recourse to the assistance of the chemist.

I shall devote the remaining part of this introduction to the
explanation of the system of crystallography adopted by Mohs,
partly because it is now pretty generally adopted in Germany,
and partly to enable the English reader to consult Haidinger’s
translation of Mohs’s Mineralogy, which contains a great deal
of most valuable information respecting crystals.

Crystals assume the following forms:

1. Rhombokedron or rhomboid, composed of six equal and
similar rhombic faces, parallel two and two.

2. Pyramid, by which is meant two equal pyramids applied
base to base. The pyramids are,

(1.) Four-sided, constituting octahedrons.

(2.) Six-sided, constituting pyramidal dodecahedrons.

(3.) Eight-sided, constituting a crystal with sixteen trian-
gular faces,

8. The tetrahedron.

4. The hexahedron or cube.

5. The dodecahedron.

(1.) With triangular faces. A low three-sided pyramid
raised on each face of the tetrahedron.

(2.) The monogrammic tetragonal dodecahedron, composed
of rhombs like the garnet crystal.

(8.) The digrammic tetragonal dodecahedron, it consists of
twelve trapeziums, and has the aspect of the tetrahedron.

(4.) The pentagonal dodecahedron, contained under twelve
equal and similar pentagons. Of this form there are two
kinds.

The first the hexahedral pentagonal dodecahedron, each
face of which is a pentagon containing four equal sides; and
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two pairs of equal angles. The single angle is opposite to
the single side.

The second the tetrahedral pentagonal dodecahedron. The
faces have angles all unequal, but they have two pairs of
equal sides.

6. The icosatetrahedron, a solid bounded by twenty-four
faces. There are three kinds of icosatetrahedrons.

(1.) Trigonal, when the faces are triangles. Of these
figures there are three kinds.

a. Tetrahedral trigonal icosatetrahedron. It may be con-
sidered as a tetrahedron upon every face of which a six-sided
pyramid is raised.

b. Hexahedral trigonal icosatetrahedron. It may be con-
sidered as a cube on every face of which a low four-sided
pyramid is raised.

¢. Octahedral trigonal icosatetrahedron. It may be con-
sidered as an octahedron on each face of which a three-sided
pyramid is raised.

(2.) Tetragonal when the faces are equal and similar qua-
drilaterals. There are two kinds of them.

a. Digrammic tetragonal icosatetrahedron. This is the
form well known as that belonging to the leucite and the
analcime. ‘The faces by one of their diagonals can be divided
into two isosceles triangles. It may be considered as a cube,
on every face of which a four.sided pyramid of a peculiar kind
is raised.

b. Trigrammic tetragonal icosahedron. The faces cannot
be divided into isosceles triangles by a diagonal. It may be
considered as an octahedron, on the faces of which a peculiar
triangular pyramid is raised.

(8.) Pentagonal. The faces are pentagons with unequal
angles but two pairs of equal sides.

7. The tetraconta octahedron. This figure has 48 equal
and similar faces. The diamond exhibits an example of it.
We may consider it as an octahedron, on each face of which
a low six-sided pyramid is raised.

There is a remarkable connexion among several simple
forms, depending not only on the kind, but on the dimensions
of these simple forms.

Every mineral affects certain forms and avoids others.
Now, the secondary forms are derived from the fundamental
by derivations. There are four processes of derivation.

1. Tangent planes are placed upon certain edges of the given
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form, and enlarged till they limit the space entirely. By this
process, either simple or compound forms may be obtained.

2. The axis of the fundamental form is elongateds indefi-
nitely, but equally, both ways. Straight lines are drawn
from the lateral angles to the terminal points of the axis, and
planes laid upon every contiguous pair of them. The derived
form is contained under these planes.

8. Planes are laid on the terminal edges of the given form.
The derived form is contained under these planes.

4. The fourth process of derivation depends on the situation
of a moveable plane tangent to the uppermost point of a vertical
rhombohedral axis.

If a process of derivation yields a form of the same kind as
the given form, the same process may be applied to this as to
the given form, and so on. Thus an assemblage of similar
forms is produced, called a series. A constant ratio exists
between every two contiguous members of such a series. This
is called the law of the series.

The limits of the series of those forms which contain one
axis are planes and prisms. The former, when the axis be-
comes infinitely short; the latter, when it becomes infinitely
long.

The form which serves as the base of the derivation is called
the fundamental form. The fundamental forms adopted by
Mobs, as the foundation of his method, are the four following :

1. Scalene four-sided pyramid.
2. Isosceles four-sided pyramid.
8. Rhombohedron.

4. Hexahedron.

As an example of the mode of derivation, we shall take
the first of these fundamental forms, the scalene four-sided
pyramid.

By applying tangent planes to the edges, and extending
these planes till they intersect, (performing this process twice,)
we obtain a more obtuse pyramid, with a base similar to the
fundamental form.

If the derived pyramid be more obtuse than the fundamen-
tal, the axis of the fundamental form is to that of the new form
a8 3 : 1; if more acute, as 2: 1.

If the derivations be continued, a series of scalene four-
sided pyramids, with similar bases, will arise, whose axes will
increase and decrease like the powers of the number 2.

P represents the axis of the fundamental form ; P—1, P—2,
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P—3, &c., the decreasing axes; P+1, P42, P43, &c., the
increasing axes.

The limits of the series are an oblique four-sided prism,
whose base is equal and similar to that of the fundamental
form, and a plane perpendicular to the axis, The sign of the
former is P+®; of the latter, P—m®. For the first takes
place when the axis becomes infinitely long, and the second
when it becomes infinitely short.

P and P refer to the short and long horizontal diagonals of
the fundamental form.

(Pp+n)™ and (P+4n)™ indicate two derivative prisms, (by
the second law of derivation,) the first having the short axis,
the last the long axis, the same as in the fundamental form.
m denotes the number of derivations. It is always positive,
and greater than 1; commonly it is 3, 4, or 5.

P-+n indicates the derived member of the series from which
the pyramid is obtained.

If m be supposed equal, the bases of all (P+n) and (P4n)
are equal and similar to each other.

(Pr+n)™ and (pr+n)™ are expressions for other four-sided
pyramids,

Pr+n, pr+n, Pr+n, also denote horizontal prisms.

Horizontal prisms are formed by supposing one of the hori-
zontal diagonals of the base to become infinite in length, while
the other remains. The mark above P shows which of the
diagonals becomes infinite.

In four-sided isosceles triangular pyramids, the limits, when
the diagonal becomes infinite, are two kinds of four-sided
prisms, the one rectangular, the other oblique. This second
prism is denoted thus [P+ ], putting the symbol between
brackets.

From every member of the series several scalene eight-
sided pyramids may be derived.

From the rhombohedron, by the first method of derivation,
a series of more obtuse rhombohedrons is derived. They are
designated by ‘R, R+n.

The limits of this series are on the one hand a plane perpen-
dicular to the axis, denoted by R—a ; and on the other, a six-
sided prism, denoted by R+w.

By the second method we derive from the rhombohedron a
series of scalene six-sided pyramids. Their limits on the one
side are unequiangular twelve-sided prisms, and on the other,

1 c
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plane figures, equal and similar to the horizontal projection of
the fundamental form.

A moveable plane passing through the axis of a hexahedron
by assuming different positions, gives origin to the octahedron,
dodecahedron, trigonal icositetrahedron, hexahedron, digram-
mic tetragonal icositetrahedron, hexahedral trigonal icositetra-
hedron, and tetraconta-octahedron.

The half of the octahedron is the tetrahedron. The signs
of the two tetrahedrons, into which the octahedron is divisible,
are § and — §.

The half of the hexahedral trigonal icositetrahedron is the
hexahedral pentagonal dodecahedron. Tbe crystallographical
signs for these two halves are 47, and — 2.

The half of the octahedral trigonal icositetrahedron is the
digrammic tetragonal dodecahedron The signs for these two
balves are 2, and — Zp.

The half of the digrammic tetragonal icositetrahedron is the
tngonal dodecahedron. The sign of these two halves is <&
and —

The halves of the tetraconta-tetrahedron are,

1st. The tetrahedral tngonal icosatetrahedron, the signs of
which are ¥, and — T2,

2d. The tngrammi'c tetrag‘onal icosatetrahedron, the signs
of which are W' and —

3d The pentagonal xcosatetrahedron, the signs of which
are r™, and 1T,

The fourths of the tetraconta octahedron are the tetrahedral
pentagonal dodecahedrons, For the mode of designating these
fourths we refer the reader to Haidinger’s edition of Mohs’s
Mineralogy, i. 144.

There ought to be as many systems of crystallization as
there are fundamental forms ; but to the four systems derived
from the fundamental forms, Mohs has added two others,
making the systems six. These are,

1. The rhombohedral system. Fundamental form, the
rhombohedron. It is composed of rhombohedrons, six-sided
pyramids, and six-sided and twelve-sided prisms.

2. The pyramidal system. Fundamental form the isosceles
four-sided pyramid. It consists of isosceles four-sided pyra-
mids, and of scalene eight-sided pyramnds besides rectangular
four-sided prisms, and eight-sided prisms, with alternately
equal angles.
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8. The prismatic system. Fundamental form the scalene
four-gided pyramid.

4. The tessular system. Fundamental form the hexahedron.
To this belongs the octahedron, rhomboidal dodecahedron,
isacontatetrahedron, &ec.

5. The hemiprismatic system. In this several of the forms
contained in it, and bearing to each other the general relations
of those in the prismatic system, appear with only half the
number of their faces, or in which these faces show differences
in their angles, referring to an axis which is inclined in a
plane perpendicular upon the base, and passing through one
of its diagonals. The signs are the same as for the prismatic
system, only each is divided by 2.

6. Tetarto-prismatic system. The forms which constitute
this system, the scalene four-sided pyramids, show only one-
fourth, and the prisms, both horizoutal and vertical, only one-
half the number of their faces, or these faces are distinguished
from each other by their angles, which refer to an axis
inclined in a plane perpendicular upon the base, and passing
through neither of its diagonals.

Two or more simple forms united together constitute a
combination. These combinations are of great importance in
the study of crystals. They are called binary, triple, &c.,
according to the number of simple forms combined.

The combined forms must be derived from one and the
same fundamental form. They must be in such positions with
respect to each other, as are peculiar to the systems to which
they belong.

The edges in which the faces of two different forms con-
tained in a combination meet, are termed edges of combina-
tion.

Such is a very short sketch of the principles upon which
the crystallography of Professor Mohs is founded; sufficient
it is presumed to enable the reader to understand the language
employed by him in his descriptions. For a fuller view of
the subject we refer to the work itself.

A few observations may be proper upon some of the other
characters of minerals employed in the following descriptions,
besides hardness, specific gravity, and crystalline shape.

4. Cleavage is confined to those minerals which have a
crystalline structure. It means indications of the faces of the
primary crystal, or at least of some of them. There are some
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minerals which possess cleavage so perfectly, that when struck
with a hammer, they at once exhibit the crystalline faces by
splitting into fragments, having each the crystalline shape of
the mineral. This is remarkably the case with calcareous
spar, which breaks naturally into rhomboids ; and with galena
which breaks naturally into small cubes. In other minerals
we do not obtain a cleavage by breaking them with a hammer;
but we often succeed by means of a chissel, or when we hold
the mineral (if transparent) in a strong light, we frequently
see the natural joints.

Sometimes minerals cleave only in one direction, as mica;
sometimes in two, and sometimes in three. It is obvious,
that three cleavages are requisite to determine the crystalline
shape of a mineral.

5. Fracture means the irregular surface which appears when
a mineral is broken, so that the surfaces do not constitute a
cleavage. The kinds of fracture are determined according to
the quality of its faces. When it exhibits cavities something
like the inside of a shell, it is said to be conchoidal. The
terms even, uneven, splintery, will be understood without any
explanation.

6. Lustre refers to the quantity of light which minerals are
capable of reflecting. Two things are to be considered;
namely, the kind and the intensity of lustre.

The kinds are five:

(1.) Metallic, or that which metals possess.

(2.) Adamantine, or that of the diamond.

(8.) Resinous, or that which a body exhibits when besmeared
with oil or fat.

(4.) Vitreous, or that of glass.

(5.) Pearly, or that of pearl, or mother of pearl.

The intensity is divided into five degrees ; namely,

(1.) Splendent, when the degree of lustre is the highest, so
that the mineral, if opaque, possesses the properties of a mirror.

(2.) Shining. A strong lustre, but not presenting a distinct
image, as in the former case.

(3.) Glistening. When the mineral reflects light in a still
more disorderly manner. Although no image appears, yet it
reflects light in pretty well defined patches.

(4.) Glimmering. When the mineral does not reflect defined
patches of light, but a mass of undefined light is spread over
the glimmering surface.
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(5.) Dull. 'When the mineral possesses no lustre at all.

7. Transparency indicates the quantity of light which
passes through minerals. It is of five different degrees.

(1.) Transparent. When objects can be seen distinetly
through the mineral.

(2.) Semi-transparent. When an object is visible through
the mineral, but its shape cannot be distinctly made out.

(8.) Translucent. When light passes through the mineral,
but objects cannot be seen through it.

(4.) Translucent on the edges. When light passes only
through the thin edges of a mineral, while the interior remains
perfectly dark.

(5.) Opagque. When no light at all passes through a
mineral.

8. Double refraction. A black line drawn on paper appears
double when viewed through transparent calcareous spar, in
all positions except one. In that one position, the one line
will be observed to overlap the other. In the position at right
angles to that, the separation of the two lines is the greatest
possible. The overlapping takes place in what is called the
principal section of the crystal, and the greatest separation in
a plane very nearly coinciding with the equator of double
refraction, which is a plane at right angles to the crystallo-
graphic axis of the rhomboid.

If we cut off the summits of the rhomboid, and polish the
new faces, we shall find that a pencil of light transmitted
through these new faces is not divided into two. The line
along which there is no double image is named the azis of
double refraction, or the optic axis.

All minerals which belong to the rkombohedral and pyra-
midal systems of crystallization have only one axis of double
refraction, and that coincident with the axis of symmetry of
the crystal; while all minerals belonging to the prismatic
system, and its subordinates, have two axes of double refrac-
tion ; and all belonging to the tessular system have either three
axes in equilibrio, or are otherwise so constituted, in reference
to this property, that they do not display any double refraction
at all. This interesting fact was discovered by Sir David
Brewster.

The other terms employed in the subsequent descriptions
will be understood without any farther explanation.



ARRANGEMENT AND DESCRIPTION

OF

MINERALS.

MINERALS, if we arrange them according to their consti-
tuents, may be divided into three classes; namely,

Class I. Acid bases.
Class II. Alkaline bases,
Class 11I. Neutral bases.

The first class comprehends those bodies which become acids
when combined with oxygen; the second those which become
alkalies when united to the same substances; and the third
those bodies which are never found in nature united to oxygen,
but only united to other bases, whether acid or alkaline.

The following table, exhibiting the names and constituents
of the minerals described in the following treatise will be of
some utility. The composition is represented in the usual
way, by symbols; and that these symbols, consisting of the.
first or more letters of the Latin names of the substances, may
be understood, an explanation of them is inserted below.*

# Explanation of Symbols used in the foilowing Table, exhibiting the
composition of Minerals :—

Gold Au Boracic acid B
Silver Ag Barytes Br
Arsenic As Bismuth Bs
Arsenious acid As Carbon (o]
Arsenic acid As Carbonic acid ¢
Ammonia Am Chromium Ch
Alumina Al Oxide of chromium  Ch
Boron B Chromic acid Ch
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TABLE EXHIBITING THE ARRANGEMENT AND CHEMICAL
CONSTITUTION OF MINERALS.

Class 1. ACID BASES.
Genus I.  CArBoN.
Species
1. Diamond, C.
2, Graphite.
Columbium Cl Nitric acid Nt
Columbic acid (o] Phosphorus Ph
Lime Cal Phosphoric acid Ph
Cerium Cr Lead Pl
Protoxide of do. Cr Palladium Pal
Peroxide of do. Cr Platinum Plt
Cobalt Cb Rhodium R
Oxide of cobalt cb Silica S
Copper Cp Sulphur SI
Red oxide of do. Cp Sulphuric acid |
Black oxide of do.  Cp Selenium Sel
Chlorine Chl Selenic acid Sel
Iron F Antimony St
Protoxide of iron £ Protoxide of do. st
Peroxide of iron f Deutoxide of do. st
Fluoric acid Fl Tin Sta
Glucina G Oxide of tin Sta
Mercury H Strontian Str
Iridium I Tellurium Tl
Potash K Tungsten Ta
Lithia L Tungstic acid Tn
Mellitic acid Mel Titaniuom Tt
Molybdenum Ml Titanic acid Tt
Molybdic acid Mmi Thorina Th
Magnesia Mg Vanadium Vo
Manganese Mn Vanadic acid Vn
Protoxide of do. mn Uranium Ur
Sesquioxide of do.  mn Protox of uranium  Ur
Binoxide of do. mn Peroxide of do. ur
Muriatic acid M Zine z
Soda N Oxide of zinc Z
Nickel Nk Zirconia Zr
Oxide of nickel nk Yttria X
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Species

3. Anthracite.

4. Pitcoal.

. Asphalt,
Elastic bitamen.
. Retinasphaltum.
Scheererite.

. Mineral tallow.
Amber.

Highgate resin.

FSemNew

[y

Genus II. Boron.
Sp.
1. Boracic acid, B.

Genus III. SiLicon.

Sp.

1. Quartz, S.

2. Kilpatrick quartz, 1884 Aq.

3. Chalcedony.

4. Flint.

5. Opal.

6. Jasper.

7. Basanite.

Genus IV. PHosPHORUS.

V. SuLpHUR.

8p.
1. Native sulphur.

Genus VI. SELENIUM.

VII. TELLURIUM.
Sp.
1. Native tellurium, 11TIF?

Genus VIII. ARsenic.
Sp.
1. Native arsenic, As.
2. Arsenious acid, As.
3. Arsenic acid, As.

25
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Species
4. Sulphide of arsenic, AsSl.
5. Sesqnuisulphide of do., AsSliZ,

Genus IX. ANTIMONY.
Sp.
1. Native antimony, St.
2. Arseniet of antimony, As?St.
3. Protoxide of antimony, St.
4. Sesquisulphide of do., StSl.
5. Red antimony, 2StSI'#4-S1.

Genus X. CHROMIUM.

XI. MoLYBDENUM.
Sp.
1. Bisulphide of molybd., MiSls,

Genus XII. TuNesTEN.
XIII. CorLumsium.

XIV. Tiranium.
Sp.
1. Native titaninm, Tt.
2. Protoxide of do., Tt.
8. Titanic acid, Tt.

Genus XV. VanNaprum.

Class II. ALKALINE BASES.

Genus I. AMMONIA.
Sp.
1. Sal ammoniac, Am M.
2. Sulphate of ammonia, Am SI.

Genus II. Porassium.
Sp.
1. Nitrate of potash, KNt.
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Genus III. Sopruwm.
Species
Carbonate of soda, NC.
Sesquicarbonate of do., NC'..
. Nitrate of soda, NNt.
Hydrous sulphate of do., NSI4+10Aq.
. Anhydrous sulphate of do., NSL.
Borax, NB2,
. Common salt, NChl.

Ne e

Genus IV. LiTHIUM.

V. Bariom.

w
it

. Carbonate of barytes, BrC.

. Sulphate of do., BrS.

Calcareo-sulphate of do., CalS+2§BrS.
Baryto-calcite, CalS+4-1}BrS,
Sulphato-carbonate of barytes, BrS+2BrC.

S o o

Genus VI. STRONTIUM.

Green carbonate of strontian, 10StrC-+4CalC.
Brown carbonate of do., 7StrC+CalC.

. Sulphate of strontian, StrSl.

. Baryto-sulphate of do., 7StrS43BrSl.
Calcareo-sulphate of do., 7Str§4-2CalSl.

. Stromnite, 4StrC4BrS14}CalC.

on
S ok g

Genus VII. Cavciom.

=g

Calcareous spar, CalC.

Arragonite, CalC.

Subsesquicarbonate of lime, al'lC+Aq
Hydrous sulphate of lime, CalSl+2Aq.
Anhydrous sulphate of do., CalS.
Siliceous sulphate of do., 8CalS14-S.
Subsesquiphosphate of do., 60al"Ph+CalChl
. Fluor spar, CalFl.

Sesquisilicate of lime, CalS!4.

. Bisilicate of lime, CalS2.

. Wollastonite, 4Cal8%-{-N83.

mSPENP TR BN

d bd



28 ARRANGEMENT AND DESCRIPTION OF MINERALS.

Species

12. Tersilicate of lime, CalS3.

13. Dysclasite, 5CalS#4-CalS%+9Aq.

14. Sesquihydrous arseniate of do., CalAs+1}Aq.
15. Bisesquihydrous arseniate of do., CalAs+2} Aq.
16. Tungstate of lime, CalTn.

17. Glauberite, CalSI4NSL

18. Calcareo-carbonate of barytes, CalC+4BrC."

19. Bicalcareo-carbonate of barytes, 2CalC+BrC.
20. Baryto-fluate of lime, 3CalF14-BrS.

21. Xanthite, 6CalS+5AIS.

22. Borosilicate of lime, 3CalS* 4 CalB2 42} Aq.

23. Botryolite, 4Cal89-CalB¢ 42} Aq.

24. Colophonite, CalS+f£S.

25. Ilvaite, CalS4-3fS.

26. Hedenbergite, CalS?+fS2,

27. Ligurite, 2CalS3 4 AlS.

28. Sphene, CalS>+-CalTt.

29. Raphilite, CalSs4(§Al+1f)S?4-(} K+ Mg)8e.
80. Polyadelphite, 56CalS+4(£f+}imn)S+42MgS+AlS.

Genus VIII. MaeNesiom.
Sp.
1. Hydrate of magnesia, Mg-+Agq.
2. Carbonate of do., MgC.
8. Hydro-carbonate of do., 5MgC?4+MgAqH.
4. Sulphate of magnesia, MgSI4+7Aq.
5. Reissite, 16NSI4+9MgSl.
6. Bloedite, SNChl4-4NSl+4-5MgSl.
7. Biborate of magnesia, MgBs.
8. Hydrous boracite, CalB¢4-MgB2+4-5} Aq.
9, Chrysolite, MgS.
10. Hemolite, 5MgS+11MgAq?+4Mgf.
11. Common serpentine, MgS4-11Aq.
Nephrite,
12. Prtl:cions serpentine, }MgS'i+lAq.
18. Picrosmine, MgS¢+1Aq.
14. Schiller spar, MgS2+4-1Aq.
15. Tersilicate of magnesia, MgS>+4}Aq.
16. Hydrous tersilicate of do., MgS? +AlS3+4Aq
17. Magnesite, MgS342Aqg.
18. Quincite, 4MgS3+fS° 481 Aq.
19. Ferro-carbonate of magnesia, IMgC+CalC.
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Species

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

sa:u-.:.caw.—-?

[
[ - N N ]

Calcareo-carbonate of do., MgC+CalC, &e.
Wagnerite, Mg?Ph.

Chondrodite, 6MgS+MgF1.

Potash-bisilicate of magnesia, 13MgS¢4KSs.
Venetian tale, Mg8¢4MgS8541Aq.

White augite, MgS¢ 4 CalS<.

Pyroxene, CalS?+(§Mg+3f)Se.

Jeffersonite, 4CalS3 4-4-3mnS3 4-2fS5.
Amphibole, CalS? 4-3MgS§s2.

Norwegian tremolite, 2CalS3 4 Mg§3.
Retinalite, 8MgS¢+2NS481 Aq.
Hyperstene, 2Mg824-3fS9,

Humboldtilite, 3CalS¢4Mg8s,

Hyalosiderite, 2MgS+-f9S.

Anthophyllite, SMgS2 4-f§2.

Mellilite, 3MgS4-2CalS+4fS9.

Mountain cork, Cal§?4MgSe4-f8s.

Hydrous anthophyllite, 4MgS3> 4fS3 4+ K85 47} Aq.

Genus [X. ArLumIiNUM.

1. Pure or combined with Bases.

. Sapphire, Al

. Spinell, MgAlS,

. Ceylanite, 2MgAl4+4-f8.

. Automalite or Gahnite, ZAl4,
. Sapphirine, MgAl%.

. Candite, 8MgAl®45fAls,

Dysluite, 5fAl4+2ZAl+1mnAl

1. Simple Salts of Alumina.

. Gibbsite or hydrate, AlAq.
. Bihydrate of alumina, AlAq.?

Diaspore or dihydrate of do., Al*Agq.

. Mellate of do., AlMel+44Aq.

. Aluminite, A1°S149Aq.

. Sulphate of alumina, AISI46Aq.
. Fluellite, AIF1?

. Tourquois, Al>Ph+21Aq.

. Andalusite, Al1?8.

29
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Species

10.
11.

Hydrous trisilicate of alumine, A13S4-5A4.
Bucholzite, AlS.

12. Gilbertite, 7 A1S-+(415Cal+ 7;Mg+£250)89 41} Aq.

18.
14.

15.
16.
17.

18.
19.

20.

21.
22,
23.
24,

N DD DD DD DD et hout hd ot bd Pt ek e fd
O~ O ©® NG N

[~ [/}
SODND G p 0O

Hydrous bucholzite, 5A18+1Aq.
Halloylite, 2A1S+4 AlS¢ +4Aq.
Pholerite, 1} AlS4Agq.
Worthite, 5A1S+AlAq.
Cyanite, Al'4S.

Allophane, 2A1S4-Al1¢S+410Aq.
Tuesite, 3AIS+2A1844-3Aq.
Nacrite, AlS¢.

Fullers’ earth, Al1S%4-2Aq.
Davidsonite, A1S%.

Lenzinite, A1S+1Agq.
Quatersilicate of Alumina, AlS4.

111. Double anhydrous aluminous Salts.

- Cryolite, AIF1+NFL
. Topasz, 3AIS+AIFL
. Pyecnite, 6 AIS+4 AlFI¢.

Ambligonite, 2A18Ph+ L3 Ph.

. Fibrolite, 2A1S4-Al¢S.

. Nepheline, SAIS4N8S.

. Sodalite, 2A1S+N8.

. Idocrase, AlS4-CalS.

. Grossularite, A1S4-CalS.

. Melanite, AlS4(§3Mg+ 7, f+ £ Cal+4Fmn)S.

. Garnet, AIS4fS and CalS+fS.

. Essonite, f S4-4CalS44AIS.

. Brown manganese garnet, CalS+4AlS+4fS+4mnS.
- Pyrope, 10A18+-5(}¢ Mg+ Cal+ 35 Chr)S+8(3f+}mn) 82,
. Zoisite, 2A1S+4CalS.

. Meionite or scapolite, 2A18+4-CalS.

. Prehnite, 2A1S+4-CalS!4-} Aq.

. Anhydrous scolezite, 3A1S+CalS®.

. Iolite, 9A1S43MgSe4-fS.

. Hydrous iolite, 3AIS+1(3Mg+}f)S¢+42Aq.

. Staurotide, 4A1S}-f8S.

. Gehlenite, 3A14S4-3(§Cal+-3f)11S+ Aq.

- Trollite, 2Als'+1181M8+I’TK+1'1089+%A‘1'
- Fablunite, 3A1S+1 Mg+ f+\;mn)S¢+2Aq.
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Species

25. Anhydrous fablunite, 3A1S-4-f8¢ 4 1($Mg+-4 Cal)S¢).
26. Leucite, 3A1S¢*+K8¢,

27. Pipe Stone, 2A18% + (3§ N+ 8;Cal+ A;Mg)S?+Aq,
28. Murchisonite, 3 A1S3%4-kSs:,

29. Gabronite, 3A1S?+4(K,N)Ss.

30. Icespar, 6 AlS%4KS%4.

81. Felspar, 3AIS5 +KS°.

32. Glassy felspar, 4A1854(§K+3N)83,

83. Albite, 3AIS5 NS>,

84. Anorthite, 7 A184-2CalS+MgsS.

85. Labradorite, 3A1894-(§Cal+3N)S.

86. Kaolin, 4(Al4-f)S4-(Cal+K)S.

87. Leelite, A1874+fS7+KS7.

38. Spodumene, 4A1S2+LSs3.

89. Petalite, 2A1844-LS*.

1v. Double hydrous aluminous Salts soluble in water.
Sp.
1. Ammonia alom 3A181+AmS1425Aq.
2. Potash alum, SAISI4+KS1+4+25Aq.

3. Soda alum, 3AISI4-NSI420Aq. .
v. Double hydrous aluminous Sulphates and Phosphates insoluble in
walter.

Sp.

1. Alumstone, 3A1°814+KSI48Aq.

2. Wavellite, 18 Al¢ Ph4-AlF194-29Aq.
8. Lasulite, 4A1°Ph+Mg?Ph+1}Aq.
4. Blue spar, 3AlsPh+4Mg#Ph.

'v1. Double hydrous aluminous Silicates, or Zeolites.

. Stellite, 4CalS¢4-Mg8s4-AlS4-2] Aq.

. Thomsonite, 3A1S4-Cal§+42}Aq.

. Natrolite, 3A1S4+NS342Aq.

. Mesolite, 3A18+4-(Cal,N)S*4-8Aq.

. Scolezite, SAIS+CalS*+3Agqg.

. Zeuxite, SAIS4f?S+Aq.

. Ittnerite, 3AIS4-(§N+3Cal)S+42Aq.

. Plinthite, 3A1S+2(3f+3Cal)S+6Aq.

. Bonsdorfite, 3A1S+(§Mg+4f)S¢+2Aq.

. Chalilite, 4(§ Al4+1f)S+4($Cal+4N)S+4Aq.

© 0 =g
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ARRANGEMENT AND DESCRIPTION OF MINERALS.

Species

11.

12,
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
87.
38.
39.

8

Karpholite, 7 A1§+3(] jmn+4f)8114-6 Aq.
Antrimolite, 5A1S4-(3Cal+1K)S34-5Aq.
Glottalite, A1S'#4CalS+3Agq.

Harringtonite, 3A1S'#4($Cal+}N)S+2Aq.
Soapstone, AlS!4-2Mg8'i4-4Aq.

Killinite, 63 A18Y+(} K+3£)S944Aq.

Lomonite, 3A1S24CalS2+5Aq.

Chabazite, 3A1S2 4 CalS546Aq.

Levyine, 3A1824-(}9Cal 4, Mg)S2+46} Aq.
Analcime, 3AIS94-NS§24-2Aq.

Lehantite, 3A1S? 4 (N1 Cal)S24-3Aq.
Cluthalite, 4(3§Al4;Mg)S?+(IN+3f)S24-3Aq.
Hydrolite, 2A18% 4+(}f+} K)S+9Aq.

Erinite, 6A1S24fS4416 Aq.

Pyrophyllite, 8A1824MgS943Aq.
Agalmatolite, 13A1S?+KS+4Aqg.

Stilbite, 3A1S% 4 CalS3 +6Aq.

Heulandite, 4A1S5 4CalS®4-6Aq.

Brewsterite, 3A1S%4-(34 Br4-§Str)S3+6} Aq.
Harmotome, 4A1S3+4BrS°+6Aq.

Phillipsite, 4A1S24(Cal,K)S94-6GAq.

Morvenite, 5A15%4-CalS4+11Aq.

Apophyllite, 7CalS34+KS3415Aq.

Rhodalite, 8A1S4-fS4416Aq.

Neurolite, 5A1S%+(§Cal+}Mg)S4+21 Aq.
Comptonite, 8 A1S+2CalSs+4+NS+9Aq.
Hexagonal talec, 5AlS+4(g.Mg+éCal)9 S+4£2547Aq.
Chlorite, Al1S4-(#;Mg47;f)!'S4Aq.

Brown chlorite, 7A1594-31f5S4 KS?4+MgS942Aq.

vir. Triple aluminous Salts.

. Mica, 15AIS+13KS54£55.

Black Mica, 6 A1S46MgS+4fS¢+KS.
Lepidolite, 6 A1S+LS+KS.

. Elwolite, 3AIS+(3K+£N)S.
. Epidote, 4A1S43CalS42fS ?
. Axinite, A1S4(7f;Cal+ 35+ ifmn)Ss.

Tourmalin,

Bytownite, 5A1S4-3(} § Cal+ ¢, Mg)S243(¢N+3f)S%.
. Vermiculite, A1S?4+2MgS24fS%+3Aq.

Lithomarge, 7A1S¢4+KS2+8Aq.
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Species
9. Latrobite, 5A184(§Cal4+4K)S
10. Withamite, 3AI1S?4-2fS¢ - CalSe4Aq.
11. Isapyre, SAISe4-2f8%4-2CalS.
12. Kirwanite, A1S94-fS4 CalS+ Ag.
13. Scorilite, 3A1S2+4CalS24£S3.
14. Sordawalite, 3A1824-2f§¢4-2MgS+2Aq.
15. Couseranite, 6A1S%+4CalS+(} K+ N)S.

vl Quadruple aluminous Salts.

8p.

ll: Gieseckite, 10A18+41§ K84 4(3mn+4§Mg+3f)824+3Aq.
2. Nutallite, 3A18+4-2( Cal,fk)8.

3. Phyllite, 9A184-3fS+3MgS+KS4-4Aq.

4. Huronite, 13A18+4-8CalS?+4-4f8¢42MgS¢411Aq.

5. Erlanite, 3A189-CalS¢{-Mg82¢ 4 (3} N+4f)8.

6. Pinite, 8} A18%+ K82 4-2(;f;f+ 13 Mg)S+Aq.

7. Glauconite, 3fS%4-2(yy Al4% K)S%4 MgS#4-5Aq.

8. Mountain leather, 10A18°4-7CalS% 4-8fS5 +2MgS¢ 440 Aq.
9. Pearl stone, 6AISS 4 fS4 4 CalS*4-KS4+4Aq.

10. Saussurite, 7AIS7 +5CalS7 4-2fS? 4 5MgS6.
11. Pitchstone, 13} A1S5 - 4NS%4-3CalS442fS4.

12. Obsidian, 3AISY 4-2NS94-2fS9 4 CalS9.

Genus X. GLuciNUM.

7]
-}

3

. Phenakite, GS¢.

Euclase, GS4-2AIS.

. Emerald, GS3+2Als>.
Chrysoberyl, 5}GA164-fAl

>t

Genus XI. YTrRIUM.
Sp.
. Phosphate of yttria, Y'iPh.
Yttrotantalite,
1. Black, 5Y#Cl4-f2Cl4-4}Cal>Tn.
2. Yellow, 9Y*ClH-(Cal, Ur.f)>Cl.
3. Brownish black, 7Y*Cl4(Cal,Ur,f)4CL
3. Fergusonite, 4} Y3 Cl4-(Cr, Zr, Ur,f)> Cl.
4. Gadolinite, 2YS+-(G,Cr)S.
5. Orthite,12} AIS+6CrS+45}fS443CalS+1}mnS+ YS+9Aq.
6. Pyrorthite, 2} Cr8+42A1°S+1}5S+4 Y3841 Cal>S+4mnsS.
1. D

!av—
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Genus XII. Ceriom,
Species
. Carbonate of cerium.
. Cerite, CrS4Agq.
. Thulite, 3CrS?43CalS¢ 41} K89,
. Fluate of cerium, CrFl4CrFI.
. Subsesquifiuate of do., CriFi4}Aq.
. Yttrocerite, 7CalFl4CrFl4-YFL
. Allanite, 2fS+42CrS+-CalS+-§ AlS.
. Pyrochlore.

DI O n ON

Genus XIII. Zirconium.
Sp.
1. Zircon, ZrS.
2. Sillimanite, SA1S+4ZrS.
8. Aschynite, 5ZrTt+2CrTt+Cal Tt2 4 }fTt.
4. Eudyalite, 3} N824-3CalS¢4-3Zr8>41}fS> -} mnS3.
5. Polymignite, 8ZrTt4fTi+4-2Y2Tt+Cal®Tt+}Cre Te+jmn?
T¢.

Genus XIV. THoRIUM.
Sp.
1. Thorite, 2ThS+(Calf,mn, &c.) S41}Aq.

Genus. XV. Iron.

1. Uncombined, or united to a Simple Substance.
Sp.
1. Native iron, F.
2. Meteoric iron, F!°Nk.
8. Magnetic iron ore, ff2.
4. Specular iron ore, f.
5. Crucite, 2Alf3 4 Calfs.
6. Manganesian iron ore, f5mn.
7. Franklinite, mnf® 4 Zf2.
8. Dihydrated peroxide, f2 Aq.
9. Hydrated peroxide, fAq.
10. Sulphauret of iron.
180 Sulphuret.
" L1 Bisulphuret.
2. {5 Sulphuret.
1 Bisulphuret.
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Species

11

12.

13.

8p.

3. { 2 Sulphuret.

1 Bisulphuret.
Bisulphuret of iron, FSI9,
Radiated pyrites, F8i9.
Sesquiarseniet of iron, FAs!.

1. Ozygen Salts of Iron.
1. Simple Oxygen Saits.

Carbonate of iron, fC.

2. Junkerite, fC

3.

Bisulphated peroxide of do., fSIs45Aq.

4. Salphated peroxide of do., fSl-|-6Aq.

uaov-sgaten--?

. Mullicite, f* Ph+4Aq

- Subsesquiphosphate of iron, fiiPh4-2} Aq.
. Vivianite, f‘ﬂ’h-l-S}Aq.

. Diarsenite of iron, f'Al+6Aq

Subsesqui-arseniate of iron, fliAs+3LAq.

. Arseniate of iron, fAs-+2fAs+6Aq.
- Hydrousdisilicate of do., {9843 Aq.
. Chamoisite, fsS42Aq.

. Anhydrous silicate of iron, fS.

. Chroustedtite, fS+4Aq.

. Hedenbergite, fS%4-2A4.

- Chloropal, f85+2Aq.

. Titaniate of i iron, fTt.

. Iserine, fTt.

Subsesquititaniate of iron, fiiT't.

. Crichtonite.
: Nigrin, f T,
. Oxalate of iron, fO ?

2. Double Oxygen Salts.

- Hydrous carbonate of irvn, 8fC49fAq.
- Magnesia-carbonate of do., 2fC+MgC.

Manganeso-diphosphate of do., 2 Ph+-mn* Ph.

. Alumina salphate, 384 AIS.

. Hetopizite, fPh+mn°Ph+Aq

. Carbono-phosphate of iron, 6fC+f‘ Ph-i-sf'fs
- Scorodite, 4f'As+(mn,Cal, Mg)!iAs,
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Species

8.

9.
10.
11.
12,
18.
14,
15.
16.
17.
18.
19.

mh&whﬂ%

6.

8p.

1.
2.

Sp.

Cacoxenite, AIS+fsPh+6Aq.
Sulpho-arseniate of iron, 2fAs4-f1#S14-12} Aq.
Thraulite, fS4-2f§1i4-5Aq.

Achmite, 4fS°4-2NS% 4 (3 Al4-3Mg+3Cal+mn)S2.

Krokidolite, 4fS54+N8'#4-23 Aq.
Chromiron ore, fCh+4-AICh.
Arfvedsonite, 4fS%4-mn8S3,

Knebelite, fS+4-mnuS.

Columbite, fCl+mnCl.

Wolfram, 3fTn-+mnTn.

Tlmenite, fTt+fTt. .
Titaniferous iron ore, *Tt+f*Tt. &c

' 8. Triple Ozygen Salts.

. Ankerite, 8CalC+5MgC+3£C.

. Pyrosmalite, 7fS'#4-5mnSli+4} FChl'i4-3Aq.

. Commingtonite, 3fS¥+41}N8*4mnS541}Aq.
- Nontronite, 7;f8°+2A189+MgS+420Aq.

. Volkonskoite, 4ChS54-2MgS>+{Ch4-14Aq.
Polylite, 9( f,mn)S+44A1S+33CalS2.

nur. Sulphur Salts of Iron.

Arsenical pyrites, FAS+FSI+ASL
Berthierite, 1}8tSl'i+FSl.

Genus XVI. MANGANESE.

1. Combined with Simple Bodies.

1. Hausmannite, mnmn?,

2.
3.

Braunite, mn.
Mangauite, mn? Aq.

4. Pyrolusite, mn.

5.
6.
7.
8.
9.
10.

1.

Hydrous binoxide, 6mn+4-2mn+4-14Aq.
Hydrous sesquibinoxide, 3mn+-2mn+-5Aq.
Varvacite, 2mn+2mn+Aq.

Psilomelanite, 2mn6 Br4-5mnAq.
Newkirkite, 3mnAq-+2mnfs.

Sulphuret, 16 MuSl4-MnSis.

Arseniet, MnAs.
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11. Ozygen Salts of Manganese.

1. Simple Ozygen Salts.

é’f
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8p.
l .
2.

. Cu-bonat.e of manganese, mnC.

. Disilicate of do., mn¢8.

. Silicate of do., mn8.

. Sesquisilicate of do., 8mn 84483,
. Bisilicate of do., mnS*.

2. Double Ozxygen Salts.

. Hauraulite, 6mnPh+-2fs Ph4-13Aq.
. Bustamite, 2mnS¢4-CalS¢.

Ferruginous silicate of m., SmnS4. S'i+2Aq
Carbosilicate of do., mnC+4mnS2.
Babingtonite.

3. Triple Oxygen Salts.

. Helvine f8%4G82+-6mnS.

Genus XVII. NiIoKEL.

1. Combined with Simple Bodies.

. Sulphuret of nickel, NkSI.

. Arseniet of do., NkAs.

. Subsequiarseniet of do., Nk'iAs.
. Binarseniet of do., NkAs®.

. Antimoniet of nickel, NkSt.

1. Ozygen Salls.

. Diarseniate of nickel, nk® As4-4Aq.

ur. Sulphur Salts.

Sulpho-arsenite of nickel, As88S1-4-Nk*Sl.
Sulpho-antimonite of do., NkSt-4-NkSI.
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Genus XVIII. Cosavt.

1. Combined with Simple Bodies.
Species
1. Sulphuret of cobalt, CbSI'.
2. Sesquiarseniet of do., CbAs!.
8. Binarseniet of do., 6}CbAs?4FAs".
4. Terarseuiet of do., 9CbAs>4-4FAs’.
5. Cobalt ochre.

1. Oxygen Salts.

1. Diarseniate of cobalt, Cb® fh+4Aq.
2. Disulphate of cobalt, Cb?SI4+9Aq.

n1. Sulphur Salts.
1. Sulpho-arsenite of cobalt, As?8l4Cb?SL
Genus XIX. Zinc.
1. United to Simple Bodies.
. Blende, Z8l.
. Voltsinc, 4} ZS14-Z.

. Seleniet of zinc, 3} Z8el? 4 H?Sl.
. Red sinc, Z7mn.

paw—%

1. Ozygen Salts.

. Anhydrous carbonate of zinc, Z¢.

. Hydrous dicarbonate of do., Z¢C+2Aq.
. Anhydrous silicate of de., 8.

. Hydrous silicate of. do., z28+}Aqg.

. Sulphate of sinc, zS14-9Aq.

. Hopeite.

a:m-huw--g'

n1. Sulphur Salts.

1. Marmatite, 7ZS8 Li4-SFSL.




ABRANGEMENT AND DESCRIPTION OF MINERALS.

Genus XX. Leap.

1. Native, or united to Simple Bodies.

Species

1. Native lead, Pl.

2. Protoxide of lead, pl.

3. Sesquioxide of lead, pl

4. Sulpharet of lead, PISI.

5. Supersulphuret of do., P17 SI8.

6. Seleniet of lead, PlSel.

7. Bitelluret of do., PITIe.

1. Ozygen Salts of Lead.

1. Simple Ozygen Salts.

. Carbonate of lead, plC.

2. Sulphate of lead, piSl.

8. Chromate of lead,— pICh.

4. Melanochroite, pliCh.

5. Tungstate of lead, BlTn.

6. Molybdate of lead, QIMI.

7. Trismolybdate of do., pl* ML

]
o7

s 2. Double Oxygen Salts.
f. Oxido_-chloride of lead, 71_)1+8PlChl.

2. Cupreo-sulphate of do., plSl+4cp+Aq.

3. Sulphato-carbonate of do., _1_)1C+l>ls'l.

4. Sulphato-tricarbonate of do., 8210-1-218'1.
5. Chloro-carbonate of do., plC+4PIChL

6. Phosphate of lead, PIChl+4Cal'¥Ph-11plPh.
7. Vanadiate of lead, P1Chl+-6pl®Vn.

8. Arseniate of lead, 10pi'iAs+PIChL

9. Cuprochromate of do:, 221(3h+¢3p.
10. Sexaluminate of do., plAIS+6Aq.

s 8. T¥riple Oxygen Salts.
p. .

1. Cupreous sulphato-carbonate, 7}pl81+5p1C+4cpC.

39
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Species .
2. Hediphan, 4Cal'lPh+2CalllAs+5pl'lAl+PlChl.

ur. Sulphur Salis.
Sp.
1. Zinkenite, 28tS1'i4-PISL
2. Plagionite, 3St81'i4-2PISI.
8. Jamesonite, 4StSl'i--3PISI.
4. Feather ore, StSl'i4-PISL
5. Nagyag of tellurium ore, 6 AuT18 47 P16 4-StSk.

Genus XXI. TIN.
Sp.
1. Peroxide of tin, Sta38.
2. Cupreous sulphuret of do., F8184-2CpSl4-StaSl+.

Genus XXII. BismuTa.

1. Native, or combined with Simple Bodies.

Sp.

1. Native bismuth, Bs.

2. Sulphuret of bismuth, BsSl.

3. Ferruginous arseniet of do., 3BsAs+F As.

4. Arsenic glance, As'*Bl

5. Telluret of bismuth.

6. Oxide of bismuth, 73bs+fC+2} Aq.

1. Oxygen Salts.
Sp.
1. Carbonate of bismuth.
‘2. Silicate of bismuth, bsSi4,

1. Sulphur Salts.

Sp.
1. Needle ore of bismuth, 5Bs?Sl4-3Cp?S14-2P1¢Sl.

Genus XXIII. CoprpER.

1. Native, or combined with Simple Bodies.
Sp.
1. Native copper, Cp.
2. Red oxide of copper, cp.
3. Black oxide of do., cp.
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Species

4.
5.
6.

Sp-
1.
2
3.
4
5
6.
7
8.
9

10

11

12.

13

14

15

16.

[ tﬂ!b.-uf'!’

Disulphuret of do., Cp2¢Sl.
Seleniet of copper-.
Arseniet of do.

11. Ozygen Salts.
1. Simple Ozygen Salts.

Anhydrous dicarbonate of copper, cp3C.

. Hydrous dicarbonate of do., cp? C+4Aq.

Sulphate of copper, cpSl4+5Aq.

. Brochantite. )
. Tetrasulphate of copper, cp*Sl4-43Aq.

Hydrous diphosphate of copper, cp? Ph4-Aq.

. Pelokonite.

Hydrous sub-bisesquiphosphate of copper, cp*Ph+3Aq.
. Hydrous sesquisilicate of do., cpS'i4Agq.

. Bisilicate of copper, cp8¢42Aq.

. Hydrous sub-bisesquiarseniate of do., cp##As4Aq.

Diarseniate of copper, ¢p? .As+4Aq.

. Prismatic oliven ore, 9p'_As+§Aq.
. Acicular oliven ore, cp? As+2Aq.
. Copper mica, cp? As+3Aq.

Octahedral arseniate of copper, cpsAs+5}Aq.

. Copper schaum, gp’lAs-i-é}Aq.

2. Double Oxygen Salts.

- Hydro-carbonate of copper, cpC+cpAq.
. Silico-carbonate of do., cpC+cpS2+Aq.

1. Chlorine Salts of Copper.

. Hexmuriate of copper, Cp®Chl{6Aq.

1v. Sulphur Salts.

Variegated copper ore, 2Cp%Sl4FSl.

. Copper pyrites, FSI+CpSl.
. Bournonite, StSl4-P1S14-CpSl.

. Grey copper ore, AS: }Sl-l-SCpSl.
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ARRANGEMENT AND DESCRIPTION OF MINERALS.

Species

5.

Sp.
1.

Sp.
l .

eamqaaons‘gpw.-? 2 SN

Lod
e

Tenantite, AsSl44}CpSl.
v. Selenium Salts.
Eukairite, 3Cp? Sel+ AgSel.
Genus XXIV. MERcURY.

Native mercury, H.

. Native amalgam, H?Ag & H? Ag.
. Sulphuret of mercury, HSL

Dichloride of do., H?Chl.
Chloride of do., HChl,

Genus XXV. SILVER.

1. Native, or combined with Simple Bodies.

. Native silver, AgiCp.
. Antimoniet of silver, Ag*St & Ag3St.

Arseniet of silver.

. Bitelluret of silver, AgTI%.
. Flexible sulphuret of do.
. Sulphuret of silver, 4 AgSl4-AgSie,

Sternbergite, 4FSl4Ag8le.

. Seleniet of silver, 12AgSel4-PlSel.
. Chloride of silver, AgChl.

Iodide of silver.

1. Ozygen Salts.

. Carbonate of silver.

ut. Sulphur Salts.

Sulpho-cuprite of silver, AgSl-4-2Cp*Sl.

. Brittle silver glance, StS19 +3AgSl.

- Dark red silver ore, 8tSI'i4-1} AgSL.
- Miargirite, 118tS1li4-6 AgSl't

. Light red silver ore, AsSlt4-13 AgSI.

. 8t Ag
. Polybasite, As }s]+5Cp }Sl.
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Genus XXVI. UranNrum.
Species
1. Pitch ore.
2. Saulphated protoxide.
8. Sulphated peroxide.
4. Uranite, 2uPh+Cal'iPh+12Aq.
5. Chalcolite, 2uPh4-cp'iPh+11Agq.

Genus XXVII. PaLLADIUM.
Sp.
1. Native palladium, Pal.
2. Seleniet of palladiom.

Class I1l. NEUTRAL BASES.

Genus I. GoLp.
Species
1. Native gold, Au?Ag to Au’SAg.
2. White ore of telluriunm, 7 AuT1545PITI1S.
8. Graphic ore of tellurium, 34 AuT15 4 AgTIs.

Genus II. PraTiNUM.
Sp.
1. Native platinum, 5Plt*F4RCp.

Genus III. IrmDIUM.
Sp.
1. Native iridium, 130s.
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CLASS 1.
ACID BASES.

THERE are 15 acid bases, which exist in the mineral king-
dom, namely :

1 Carbon, 9 Antimony,

2 Boron, 10 Chromium,

8 Silicon, 11 Molybdenum,
4 Phosphorus, 12 Tungsten,

5 Sulphur, 13 Columbium,
6 Selenium, 14 Titanium,

7 Tellurium, 15 Vanadium.

8 Arsenic,

Hence, this first class is divided into 15 genera, a genus
being allotted for each base.

GENUS I.—CARBON.

. Carbon exists in the mineral kingdom pure, when it is
distinguished by the name of diamond ; and nearly pure when
it bears the name of plumbago and anthracite, according to its
colour and situation. It occurs also combined with oxygen,
constituting carbonic acid. This acid forms an essential con-
stituent of 24 different minerals. The bases with which the
acid is united are necessarily alkaline. Hence, these 24
species will appear in the second class under the respective
alkaline bases to which they belong.

The other minerals consisting essentially of carbon, have it
combined with hydrogen, and sometimes oxygen, into various
bituminous or resinous substances, constituting common pit
coal, asphalt, elastic bitumen, scheererite, retinasphaltum, mine-
ral tallow, amber, and Highgate resin. Hence, this genus
contains 11 different species of minerals, several of which are
of great importance,

Species 1. Diamond.

The diamond has been known and prized for its beauty and
rarity from the remotest ages. It was called adamas and
adamantos by the Greeks, doubtless in consequence of its
hardness. Pliny describes several species, and enumerates
several fanciful properties belonging to them; butionly one
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of these, the Indian diamond, coincides with the mineral to
which we at present give that name.*

The diamond almost always occurs crystallized. It is
seldom completely transparent. Its colours are usually white
or grey. But diamonds are occasionally met with of a blue,
red, brown, yellow, green, and I have seen them partly of a
black colour. Of these colours, the blue and the black are
the rarest. It exhibits a most beautiful play of colours when

to the direct rays of the sun or of a candle, especially
when cut. The lustre is splendent and of a peculiar kind, to
which the name of diamond lustre, or adamantine lustre, has
been given. It refracts only singly ; but its refractive power
considerably exceeds that of most other minerals of nearly the
same specific gravity.

It is Aarder than any other substance in nature, and capable,
of course, of scratching every other mineral. Yet it is not
difficult to break it by a blow. In consequence of this superior
hardness, it can only be rubbed down or polished by means
of diamond powder. The ancients were ignorant of this
method of cutting diamonds, and of course were unable to
polish them or cut them into facets; but employed them such
as they occur in nature. In the year 1456, a citizen of
Bruges, called Louis Berquen, thought of polishing them by
rubbing them one against another. He collected the powder
which was thus rubbed off, and spreading it by means of a
greasy matter on the circumference of a wheel, this wheel
being put in motion diamonds were applied to it, which by
this contrivance were cut into facets, and at the same time
polished. Such was the origin of the method at present
employed to cut diamonds. It was highly appreciated by
Charles, duke of Burgundy, who rewarded Berquen hand-
somely for his invention.t

Diamonds for ornamental purposes are cut into two shapes;
namely, rose diamonds and brilliants. Rose diamonds have
nearly a hemispherical form, and the hemisphere is cut into
24 triangular planes. Of course there are 7
prominent solid angles upon the hemisphere
where six of the little triangles meet. This
shape is represented by the figure in the mar-
gin. One of these constitutes the apex, and

# Plinii Hist. Nat. lib. xxxviii. c. 4.
+ Hauy ; Traité de Mineralogie, iv. 438.
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the other six surround it at the distance of one of the triangu-

lar faces. It is not so easy to convey an idea of what is called

a brilliant. Some conception may be formed by supposing a

patural diamond to be a regular octahedron, consisting of two

four-sided pyramids with square bases applied base to base.
Half the upper pyramid is cut off, and all
the corners and edges converted into trian-
gular faces, The figure of the brilliant is
represented in the margin,

The specific gravity of the diamond varies somewhat in
different specimens. I found that of a very fine transparent
colourless diamond, in the Hunterian museum, weighing
10-825 grains, to be 8:-56295. Mr. Wilson Lowry, who had
in his possession a beautiful collection of crystallized diamonds,
found the specific gravity 8-488. Hauy states the specific
gravity of the diamond to be 8:55.* Mohs makes it 3:620.+

The structure of the diamond is straight foliated with a
fourfold cleavage, parallel to the faces of the regular octahe-
dron, which constitutes the primary form of its crystals. It

occurs also frequently in cubes and in
rhomboidal dodecahedrons. Indeed it is
well known, that these forms are easily
deducible from each other. Not unfre-
quently three faces may be seen, consti-

tuting a very low three-sided pyramid on
each face of the primary octahedron;
thus making a 24-sided figure, to which

Hauy has given the name of binaire.

Very frequently the faces of the diamond are curved instead
of being planes, as is usual with the faces of crystals. Occa-
sionally it approaches a spherical figure, the surface being
composed of 48 faces; every one of the faces of the primary
octahedron being covered by a very low six-sided pyramid,
three of the faces of these pyramids which are contiguous to
the three angles of the octahedral face are most distinct. ‘The
other three are barely visible, and when they disappear, the
diamond of course has only 24 faces, constituting the binaire
of Hauy.

When the diamond is rubbed it becomes positively electric;
and this happens even when it has not been cut, and though it
be not insulated.

# Mineralogie, iv. 19, + Mohs's Mineralogy, ii. 306.
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‘When exposed to the sun and then brought suddenly into
a dark place, it phosphoresces sensibly, and this evolution of
light continues for some time.

When the diamond is kept at a red heat in contact with
air, it gradually burns away without leaving any residue,
being wholly converted into carbonic acid gas.

Hitherto, the diamond has been found only in the torrid
zone, The ancients drew all their diamonds from India. It
occurs in alluvial soil in the provinces of Golconda and Visa-
poor, Bengal, and in the island of Borneo. It is still found
in these situations, though not in such abundanee as formerly.
About the year 1740, diamonds were discovered in Brazil.
Great quantities of them have been collected in the district
of Serro dofrio, and in other places. They are obtained as
in India, by washing the alluvial soil. The original repository
of this precious stone is unknown; unless we consider the
kind of iron ore in which it is occasionally found embedded in
Brazil as of that nature.® A report has been current, that
diamonds, of late years, have been discovered in the mining
district of the Uralian mountains. But this report stands in
need of confirmation. We are informed also, that M. Peluzzo
bought three diamonds from a native of Algiers; which had
been found in the sand of the river Gumil, in the province of
Constantine, in Africa.t

The largest diamond known to exist, (if we except that
belonging to the king of Portugal, thought by many to be
only a topaz) weighed in its original state 900 carats, or
2769-8 grains.t By cutting, it was reduced to 2799 carats,
or 861 grains. It has the form and the size of half a hen's
egg. It is mentioned by Tavernier, as in possession of the
Great Mogul, and was found in the mine of Colone in
1660. What has become of this diamond of late years is
unknown. o

The oriental diamond purchased by the Empress Catharine
IL of Russia, claims the next place. It is without flaw or
fault of any kind, and weighs 193 carats, or 593-86 gr. Its
form is that of a flattened ovoid, and its size that of a pigeon’s

* Some account of the constitution of that portion of Brazil which yields
diamonds, will be found in Humboldt's Essai Geognostique sur le Gise-
ment des Roches, p. 89.

+ Poggendorfs Annalen, xxxii. 480.
T A carat is equal to 3:077 grains.
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egg. It is said to have been in possession of Nadir Shah.
But more lately it had become one of the eyes of a Bramini-
cal idol, and was stolen by a French Grenadier, who disposed
of it at a very low price. After passing through several
bands, it was purchased by Catharine, for about £90,000, in
ready money, and an annuity of £4000 more.

The Pitt, or Regent diamond, is said to have been found
in Malacca. It was purchased by Mr. Pitt, an English gen-
tleman, who was governor of Bencoolen in Sumatra. It was
sold by him to the regent Duke of Orleans, for £130,000, by
whom it was placed among the crown jewels of France. It
is cut in the form of a brilliant, and is not only without
blemish, but considered as the most beautiful diamond hitherto
found. It weighs 18625 carats, or 419} grains. Its value,
as estimated by a commission of jewellers in 1791, is twelve
millions of livres or half a million sterling.

The greater number of diamonds are very small, and so
full of flaws, as to be useless for the purposes of the jeweller.
They are reduced to powder, and employed in the cutting
and polishing of those diamonds that are sufficiently perfect
for the purpose. Such minute and imperfect diamonds sell
at a very low price. I was once offered my choice out of a
large cargo, at the rate of three shillings each. Those dia-
monds which weigh a carat or more, and which are transparent
and free from flaws, sell at a high price, which increases as
the square of the weight. According to Mr. Jeffries, who
was a jeweller in London, and published a treatise on dia-
monds and pearls about the middle of the last century, an
unwrought diamond weighing 1 carat, if free from flaws, is
worth two pounds sterling. If we multiply the square of the
weight (in carats) by two, the product represents the value of
the uncut diamond. Thus, the diamond in the Hunterian
museum, which weighs 10-825 grains, or 8:518 carats, is worth
£24: 158

If the diamond has been cut and polished, he reckons its
value when it weighs one carat, to be eight pounds sterling.
And the square of the number of carats constituting the weight
multiplied by 8, gives the value of polished and cut diamonds
in pounds sterling. According to this mode of valuing, the
Pitt diamond, which weighs 136} carats would be worth
148,512 pounds sterling. But large diamonds are so rare,
that they are valued at a much greater price than that which
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would result from multiplying the square of their weight in
carats by 8.*

Sp. 2. Plumbagoor Graphite. _

This mineral is distinguished in common language by the
name of black lead. It constitutes the ingredient of which
writing pencils are usually made. Plumbago was long con-
founded with molybdena : indeed the two minerals were not
accurately distinguished, till Scheele determined the proper-
ties of each in 1779.1

The colour of plumbago is steel grey, and it has the metal-
lic lustre. 'The streak is splendent and metallic.

Its hardness is 1, for it is easily scratched by gypsum, but
scarcely by tale. It is sectile, has a greasy feel, and writes
readily upon paper. The thin laminz are highly flexible.
Opague.

The specific gravity varies from 2:25 to 2:32.1

Its texture is foliated; though from the occasional small
size of the plates, this cannot always be observed. In Green-
land, and in the neighbourhood of Philadelphia, it has been
met with crystallized in six-sided prisms. But nothing is
known respecting the angles of these crystals.§

When plumbago is boiled in nitro-muriatic acid, a portion
of oxide of iron is dissolved. 'When mixed with ten times its
weight of saltpetre, and heated to redness, it deflagrates with
violence, and leaves a brown coloured residue, which varies in
different specimens both in quantity and composition; show-
ing that it is merely foreign matter not chemically combined
with the plumbago, but simply mixed mechanically with it.
In Gahn’s and Hjelm’s trials, it amounted to ten per cent. and
was peroxide of iron or ochre of iron, as Scheele expresses
bimself.| A fine specimen examined by Allen and Pepys,
left only 5 per cent.§ A specimen from Borrowdale, analyzed

® Some account of the price of diamonds in India, will be found in
Brewster's Journal, vii. 134.

4 Pliny employs molybdena and plumbago as synonymes for a plant.
(Hist. Nat. lib, xxvi. c. 13.) He uses molybdena also for ltharge, and
describes it as the same with galena.

1 Schriider; Annals of Philosophy, i. 299.

§ Hauy; Traité de Mineralogie, iv. 85; 2d edition.

|| Scheele’s Essays, p. 246.

9 Nicholson’s Jour. xix. 233.

1. E
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by Schrider, left 14:75 per cent. This residue had a brown
colour, and was composed of

Protoxide of iron, . . 58
Silica, . .. . 35
Alumina, . . . 2:8
Oxide of titanium, . . 315
14:75*

Professor Vanuxem analyzed three specimens of plumbago,
and found their constituents as follows:

Carbon, . . . . | 8837 | 6127 | 944 | 628
Water, . . . . 128 | 583 ( 06 | —
Silica, . . . . 510 | 1010 | 26 | 21-6
Alumins, . . . . 1:00| 820 | 00 9-3
Lime, . . . . 0-2
Oxide of iron and manganese, | 3:60 | 20-00 | 14 54

99-30 | 999 | 990 | 99-3%

The first two of these specimens were from Borrowdale, in
Cumberland, the third, from Bustletown, Pennsylvania.

If we abstract these foreign bodies, plumbago may be con-
sidered as consisting of carbon, seemingly from the experi-
ments of Davy, not quite free from hydrogen.

Plumbago is found usually in primary or transition rocks.
At Borrowdale, in Cumberland, which yields the finest plum-
bago known, it occurs in nests in a greenstone rock, which
constitutes a bed in clay slate, together with felspar porphyry,
and hornstone porphyry. In Glenstrathfarrar, in Inverness-
shire, it constitutes nests in gneiss. At Arendal, in Norway,
it is found in a quartz rock. In the United States of America,
it is met with in various rocks, but all primary ; sometimes in
granular foliated limestone, sometimes in felspar, and some-
times in mica slate.

A mineral resembling plumbago, and applied to many
similar purposes, is found in Ayrshire in the coal beds.
There is a mine of it about four miles from New Cumnock,
belonging to the Marquis of Bute. The plumbago occurs in

* Aunnals of Philosophy, i. 209. 1 Ibid. (2d series) ii. 107.
1 This column gives the constituents of Ceylon graphite, as analyzed by
Princep. Ann. des Mines, (3d series) v. 523.
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the sixth bed from the surface, the bed immediately above
and immediately below, consists of greenstone. The plum-
bago is mixed with anthracite or glance coal, and constitutes
a bed from 3 to 6 feet thick. It is occasionally mixed with
greenstone.

Another mine of plumbago exists on the banks of the Ayr
river, about 8 miles east from the town of Ayr, near the place
where the celebrated hones, known by the name of water of
Ayr stones are found. The plumbago in this mine, however,
is far from being pure, and indeed is rather entitled to the
name of anthracite than of plumbago. It is not fit for pencils,
but is used in the manufactory of black-lead crucibles, for
polishing cast iron grates, and to obviate friction.

Sp. 8. Anthracite.
Glance coal and Columnar coal of Werner, Kilkenny coal, Blind coal, Culm.

This is a species of coal distinguished from common coal by
its higher specific gravity, its semimetallic lustre, and by its
burning without emitting smoke; though, when it contains
moisture, (as is frequently the case) it emits a low yellow
flame.

The colour is black; the lustre splendent and semimetallic.
Sometimes beautifully iridescent. It is opaque, and breaks
usually with a conchoidal fracture. Hardness about 2. In
general it is rather harder than common coal; though this is
not always the case.

Specific gravity of the Pennsylvania coal, which belongs to
this species, from 1-52 to 1:565; that of Rhode island 1-75.*
I found that of Kilkenny coal 1:4354. Mohs states the
specific gravity of the columnar coal from Meissner, to be
1.400, and that of the glance coal from Schonfield, in Saxony,
1-482. :

I have never seen it under any regular form. But Hauy
states that it has been met with in the coal mines of Berg, on
the right banks of the Rhine, in imperfect acute octahedrons.
He considers the primary form to be that of the regular six-
sided prism.

By friction when insulated, it acquires negative elec-
tricity.

Anthracite when pure consists almost entirely of carbon, in
that black state in which it exists in charcoal. Kilkenny coal

# Silliman’s Jour. x. 333.
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leaves, when burnt, 4 per cent. of ashes. Two varieties of
anthracite, that of Lehigh, in Pennsylvania, and that of
Rhode island, were analyzed by Mr. Vanuxem,* who found
the constituents as follows:

Lehigh coal  Rbode island coal

Carbon, . . . . 901 90-03
‘Water, . . . . 66 490
Silica, . . . .12 214
Alumina, . . . . 11 _—
Oxides of iron and manganese, 0-2 2:50

99-2 99-57

Anthracite occurs occasionally in primary rocks. Thus
Ramond found specimens of it in gneiss, on the table land of
Troumou in the upper Pyrenees. It is much more abun-
dant in transition rocks. The Lehigh coal in Pennsylvania,
extends in length 100 miles, partly along the Susquehannah
river, till it is lost at Peter’s mountain, a few miles above
Harrisburgh. The mean thickness of this bed of anthracite,
is from 12 to 15 feet, though in some places it amounts to
from 80 to 40 feet. It alternates with clay slate, mica slate,
and a micaceous sandstone.f And Mr. Maclure informs us,
that the whole of that part of the country is transition.f A
very extensive tract of anthracite occurs also in Rhode island.
This coal has of late years been brought into common
use in America. Anthracite occurs also in the common coal
measures. This is probably the case with the Kilkenny
coal in Ireland. It is certainly the case with the Welsh
culm, so extensively used in the iron works in South Wales.
Many other localities of it in the common coal beds might
be pointed out, both in Great Britain and on the conti-
nent.

Sp. 4. Bituminous Mineral Coal.
Brown coal, black coal, slate coal, moorcoal, jet, &c.

This very important mineral occurs in the earth, in beds
usually alternating with slate clay and sandstone, and is em-
ployed very abundantly in this country as an article of fuel.
A great number of different kinds have been described, but
it will be sufficient if we notice the following sub-species,
which constitute the common varieties in this country.

* Annals of Philosophy, (2d series) xi. 105.
™ 8ee a description by Mr. Cist in Silliman's Jour. iv. 1. 1 Toid.
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1. Caking Coal.

When this coal is heated, it breaks into a great number of
small pieces. When the heat is raised to a certain point the
coal melts, and all the fragments become united together in
one solid mass. It is to this property that the name of caking
coal is owing.

The colour is velvet black, or in some places greyish black.
Lustre shining, resinous. The principal fracture is straight,
slaty ; the cross fracture partly small grained uneven, when
the lustre is only glistening ; partly small conchoidal, when
the lustre is shining. It is not uncommon to find in it thin
seams, exactly similar to wood charcoal.

It is soft, and very easily frangible. The fragments have
more or less of a cubic shape. Soils the fingers; specific
gravity 1-269. It catches fire very readily, and burns with a
lively yellow flame ; but in consequence of its caking property
it requires to be frequently stirred to admit the free ingress
of air, otherwise it is extinguished. It is a lasting coal, and
gives out much heat; but it requires care to manage it well
in a commen fire.

The best Newcastle caking coal contains 1} per cent. of
earthy matter. The combustible portion is a compound of
carbon, hydrogen, azote and oxygen, in the following pro-
portions :

83 atoms carbon, = 24'75

11 atoms hydrogen, = 1-375
8 atoms azote, = 5925
1} atoms oxygen, = 1'5
82-875*

The principal beds in the Newcastle coal field consist of this
kind of coal. It constitutes the sixth bed (reckoning from
the surface) of the Glasgow coal field. The coal at Hurlet,
about 5 miles south-west from Glasgow, is a caking coal. It
occurs also at Bannockburn, and in various places in Fife-
shire.
11. Splint Coal.

This coal constitutes the fifth of the Glasgow beds, or the
lowest bed at present wrought.

It is thin, varying from thirty inches to three feet. It
occurs also occasionally in the other Glasgow beds, particularly

* Annals of Philosophy, xiv. 91.
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the second. It is the most valuable of the Glasgow coal, and
always sells at a higher price than the cherry or soft coal.*

The colour is black, with a slight shade of brown. The
lustre is between glimmering and glistening ; resinous; lustre
of the streak between glistening and shining. Thin layers
of cherry coal often pervade splint coal; they are easily dis-
tinguished by their superior lustre.

The principal fracture is imperfect, curve slaty ; cross frac-
ture fine grained uneven and splintery.

Soft, but difficultly frangible ; much more 8o than any other
species of coal. Hence the reason why the term khard coal is
often applied to it. The specific gravity is 1-290.

It requires more heat to kindle it than either caking or
cherry coal; but when once thoroughly lighted it constitutes
a lasting and clear fire, which gives out much heat.

The best splint coal which I have met with contains about
9°5 per cent. of earthy matter. The combustible portion is a
compound of carbon, hydrogen, azote and oxygen, in the fol-
lowing proportions :

28 atoms carbon, 21-00

14 atoms hydrogen, 1:75
1 atom azote, 175

8; atoms oxygen, 85

28-004

11, Cherry Coal.

This constitutes the greater part of the four uppermost
Glasgow coal beds, especially the third and fourth beds. The
Staffordshire coal seems to be similar in its nature.

Colour velvet black, with a slight intermixture of grey;
the lustre is sometimes splendent, sometimes shining, When
the lustre ‘is shining, the coal has exactly the appearance of
caking coal; but is easily distinguished as it wants the pro-
perty of softening and caking when heated. The lustre is
resinous.

Principal fracture straight, slaty. The different slates or
plates differ in their lustre; some of them are splendent,
others only shining. The surface is smooth; when the
lustre is splendent the surface is specular, but when only

¢ The difference is about one shilling per waggon, of 24 Cwt.
1+ Annals of Philosophy, xiv. 92.
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shining, the surface is merely even. Cross fracture usually
flat conchoidal and specular splendent. In some places it
has occasionally the aspect of wood charcoal.

Its hardness is about the same as that of caking and splint
coal. But it is very easily frangible. Hence there isa good
deal of waste in mining it, and as it does not cake, the frag-
ments can be used only for furnaces. Near Birmingham, the
loss in mining, including the pillars, amounts to two-thirds of
the whole.

The fragments are rectangular, and approach the cubic
form. The specific gravity is 1.265.

When exposed to heat it readily catches fire, and burns
with a clear yellow flame, giving out a great deal of heat.
It burns away much faster than either caking or splint coal.

When burnt it leaves about ten per cent. of ashes. The
combustible portion is a compound of carbon, hydrogen, azote,
and oxygen in the following proportions :

84 atoms carbon, = 255
84 atoms hydrogen, = 425
2 atoms azote, = 85
1 atom oxygen, = 10

34-25*

As this is the most beautiful, it is at the same time the most
abundant species of mineral coal. It has got the name cherry,
from the colliers, in consequence of its lustre and beauty.

1v. Cannel Coal.

This species of coal is said to have got its name because
when kindled it burns with a clear flame, like a candle. It
abounds at Lesmahago, about twenty miles from Glasgow.
It is found in different parts of Ayrshire, where it is made
into inkhorns, snuff boxes, and other similar ornaments. It
abounds, as is well known, at Wigan, in Lancashire; thereisa
mine of it in Lord Anglesea’s park at Beaudesert near Coven-
try. What is called jet, is merely a variety of cannel coal.

The colour is dark greyish black, sometimes brownish
black; the lustre is glistening, resinous; it takes a good
polish; the fracture is usually large and flat conchoidal.
In the great this kind of coal is frequently slaty.

® Annals of Philosophy, xiv. 98,
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In some varieties the fragments approach the cubic shape,
in others they are wedge-shaped, or even quite irregular.

Soft; sectile; does not soil the fingers; rather difficultly
frangible ; specific gravity 1-272.

When applied to the flame of a candle it catches fire and
burns with a clear yellow flame, without melting. On this
account it is frequently employed to give light, as a substitute
for candles. If a large piece be put on the fire, it splits into
folie, and if the flat side of these folie be laid over the fire,
the pieces fly off with a crackling noise, and are, many of
them, driven to a considerable distance. Hence the reason
why the term parrot coal is applied to this variety in Scotland.

This coal at an average contains about 11 per cent. of
earthy matter. The combustible portion is composed of car-
bon, hydrogen, and azote, in the following proportions:

11 atoms carbon, = 825
22 atoms hydrogen, = 2'75
1 atom azote, = 176

12:756*

v. Wood Coal.

As a variety of mineral coal, we ought to mention twood
coal, or brown coal, as it has been termed by Werner, which
occurs usually in the newest formations; it has all the appear-
ance of wood, and obviously consists of trees that have been
softened, probably by moisture, and then squeezed flat by
pressure. The deposite at Bovey, in Devonshire, constitutes
one of the best examples of this kind of coal. Its colour is
brown or grey, differing a good deal in the shade; the texture
of the wood is preserved, and it burns exactly as wood does;
8o that there cannot be the least doubt about its origin.
Indeed, the common opinion is, that mineral coal in general
owes its origin to vegetable matter; but the occurrence of
anthracite in primary rocks constitutes a difficulty in the adop-
tion of this theory in every other respect so plausible,

Sp. 5. Asphalt.
iBlack mineral resin of Mohs ; bitumen, petroleum, naphtha, &c.
This substance occurs in considerable quantity on the

* Annals of Philosophy, xiv. 94.
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shores of the Dead Sea, and on the surface of a lake in
Trinidad. There is a thick bed of it in Albania, from which
the Greek fire, so celebrated in the middle ages, was princi-
pally formed.

When solid, it has a black colour, but is frequently also
brownish and reddish. The streak is usually unchanged ; but
sometimes lighter than the colour of the asphalt.,

Hardness, 2. Friable; sectile; lustre resinous; fracture
conchoidal, more or less perfect. The specific gravity varies
from 1°073 to 1-160. Klaproth states it as high as 1-205,

When heated it melts, gives out a bituminous smell, and
colourless naphtha may be distilled from it. Neither acids
nor alkalies are capable of acting on it; but it dissolves in
naphtha, and in the fixed and volatile oils.

Naphtha, which issues occasionally from the earth in various
countries, especially Persia, is a colourless transparent liquid,
very volatile, and about Sths of the weight of water. Itis
very combustible, and appears to be a compound of carbon
and hydrogen in equal atoms, seemingly six atoms of each.
When naphtha is exposed to the air, its colour deepens, and
its consistency increases, and it gradually assumes the form of
petroleum, a brown bituminous oily looking matter, which
occasionally floats on the surface of springs issuing from coal
beds. When the petroleum is heated, it gives out naphtha,
and leaves a quantity of asphalt. Pit coal, when distilled,
yields also naphtha. Hence naphtha seems to be the part of
a series of substances which graduate into each other, and the
last of the series is pit coal.*

Sp. 6. Elastic Bitumen.
Mineral caoutchouc of Kirwan.

This mineral was first discovered in the forsaken lead mine
of Odin, which is situated near the base of Mamtor, to the
north of Castletown, in Derbyshire. It was first noticed by
Dr. Lister, in 1678.f He called it a subterraneous fungus,
and is uncertain whether it belongs to the vegetable or mineral
kingdom. It was first accurately described by Mr. Hatchett.t
In 1816, it was discovered by M. Olivier of Angers, in the

* From the late experiments of Reichenbach, naphtha appears to be a
very complex substance ; and Dr. Christison and Dr. Gregory have shown
that two distinct species of natural naphtha occur.

1 Phil. Trans. viii. p. 6179. 1 Linnean Trans.iv. 146.)C
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coal mine of Montrelais, at the depth of 230 feet. Hause-
mann states that it has been observed also at Neufchatel, and
in the island of Zante.*

Its colour is blackish brown of various shades,

Internally it is shining and glistening ; lustre resinous;
fracture conchoidal; translucent on the edges; very soft;
sectile ; soft and elastic, flexible. The specific gravity of the
Derbyshire variety, as determined by Hatchett, varies from
0-9053 to 1-238 ; that of the French is lighter than water.

It catches fire readily, and burns with a lively yellow flame,
giving out a bituminous odour, The English and French
varieties were subjected to analysis by M. Henry, junior.t
The results were as follows :—

Fugtish variety. Freneh varlety.
Carbon, 0-5225 0-5826
Hydrogen, 0-0746 0-0489
Azote, 0-0015 0:0010
Oxygen, 0-4011 0-3675
1-0000 1:0000

This corresponds with
85 atoms carbon, = 2625
3 atoms hydrogen, = 0375
2 atoms oxygen, = 2000

28-6256
for the English variety ; and
41 Carbon, = 38075
2 Hydrogen, = 025
2 Oxygen, = 200
83

for the French variety.
It is obvious that these numbers can be considered only as
rude approximations to the truth.

Sp. 7. Retinasphaltum.

This mineral was first observed accompanying Bovey coal
in Devonshire, and was noticed by Dr. Milles.t Its nature
was afterwards more accurately determined by Mr. Hatchett.§
It was found afterwards by M. Voight in a bed of bitaminous

# Handbuch, iii. 273. 4 Ann. des Mines, xii. 269.
1 Phil. Trans. ki. 536. ¢ 1bid. 1804, p. 401.
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vegetable earth near Helbra, in the county of Mansfield ;*
and soon after it was discovered in the neighbourhood of Halle,
in a bed of brown coal, and subjected to a chemical examination
by Bucholz.{

The colour is pale brown ochraceous yellow. The fracture
is imperfectly conchoidal. It appears earthy externally ; but
when broken exhibits a slight resinous lustre; very soft and
easily frangible. It is usually, when first dug up, elastic
flexible; Rut loses this property on exposure to the air.

Its specific gravity, as determined by Hatchett, was 1-135.
The variety described by Voight is said to be very light,
sometimes even swimming in water. Bucholz states the spe-
cific gravity of the retinasphalt found near Halle, to be nearly
the same as that stated by Hatchett.

‘When heated it melts, smokes much, and burns with a
bright flame, giving out a fragrant odour. The melted mass,
when cold, is black, very brittle, and breaks with a glossy
fracture. The Bovey retinasphalt, according to the analysis of
Hatchett, is composed of

Resin, . . . 55

Asphalt, . . . 41

Earthy matter, . . 3
99

According to Bucholz, the retinasphalt from Halle is composed
of

Resin soluble in aleohol, . 91
Resin insoluble in alcohol, . 9
100§
Sp. 8. Scheererite.||

Prismatic resinous naphthaline of Koenlein.

This substance was observed in the year 1822, in the beds of
brown coal at Uznach in Switzerland. These beds are from
2 to 6 feet thick, and belong to a very recent formation.§

The colour of the mineral is white, or sometimes greenish
or yellowish, like tale. It has the form of small needle-shaped

#® Jour des Mines, xv. 77. + Schweigger's Jour. i. 290.
1 Phil. Trans. 1804, p. 404. ¢ Schweigger's Jour. i. 293.
§ This name was given by Stromeyer, from M. Scheerer, who, it seems,
first obeerved the mineral.
9 Poggendorf’s Annalen der Physick, xii. 336.
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crystals, and is deposited in hollows in the brown coal; lustre
reginous.

Soft; translucent; very easily frangible ; without taste or
smell, even when rubbed.

Specific gravity, according to Macaire Princep, 0-65, that
of water being 1.

Stains paper like oil.

It melts, according to Macaire Princep, when heated to
111°, and boils at the temperature of 197}°

It dissolves very slowly in alcohol ; ether is a better solvent,
and so is warm oil of turpentine. It does not combine with
alkalies. It dissolves slowly in dilute sulphuric acid, and
communicates a red colour to the liquid. 'When heat is
applied, the solution becomes first brown and then black, and
charcoal is at last deposited. It is soluble in the fat oils.

Catches fire easily, and burns with a pale flame, giving out
much smoke.

According to the analysis of M. Macaire Princep, it is
composed of

Carbon, 73, or 1 atom
Hydrogen, 24, or 2 atoms

It is obvious from its properties and constitution that Scheer-

erite is quite a different substance from naphthaline.

Sp. 9. Mineral Tallow.
Hatchettine of Conybeare— Bergfet.

This substance is noticed by Mr. Kirwan in his Mineralogy
(vol. ii. p. 47,) but it has not found a place in modern systems
of mineralogy.4

It was first found by some peasants on the coast of Finland,
in the year 1786. Afterwards a similar substance occurred
in one of the Swedish lakes, and M. Hermann, a physician in
Strasburg, discovered a similar substance in the water of a
fountain near that city. There is a fine specimen of it in
the Hunterian Museum at Glasgow, which was found near
Inverary, in the County of Argyle. I have another specimen
in my possession, which was found in a moss near Oban, in
the same county. The Hatchettine of Conybeare seems to

nearly.*

* Poggendorf’s Annalen der Physick, xv. 294.
+ Phillips indeed gives an account of it under the name of Hatchettine
Mineralogy, p. 374. Magellan also notices it from Kirwan, in his English
edition of Cronstedt's Mineralogy.
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be a variety of the same substance. It was found by him in
1820, in the ironstone of Merthyr Tydvil, in South Wales.®

It is white, and has nearly the consistency of spermaceti;
but does not exhibit any appearance of crystallization ; soft ;
fracture even; tasteless; lustre resinous or waxy. It melts
when heated to 118°, and boils at 290°.

Its specific gravity is not easily determined, because it is
difficult to free it from air. After standing under the vacuum
of an air pump for 24 hours, the specific gravity was 0-8035.
After fusion the specific gravity was 0983. This I consider
as the true gravity, because by fusion the air bubbles were
expelled, and the cavities in it filled up. It is partly but not
completely soluble in alcohol. It does not form a soap, nor
combine with soda.

The Hatchettine is not quite so firm as the mountain tallow.
Its colour is greenish yellow, the texture is slightly flaky, and
it is not opaque as mountain tallow is, but slightly translu-
cent. It melts according to Conybeare at 170°, and is lighter
than water. In its chemical properties it agrees with moun-
tain tallow.

The analogy between mountain tallow and Scheererite, is
very considerable. Probably they will ultimately be found
only varieties of the same substance.

Sp. 10. Amber.

This mineral has been known since the commencement of
history, and was employed by the ancients as a medicine, and
worn by them as an ornament. Theophrastus, who lived
three hundred years before the Christian era, mentions it as a
stony body, by which probably he meant, that like stones it
was dug out of the earth.

Amber is cast ashore on the north coast of Germany, from
the Baltic, and on the east coast of England, from the German
ocean. It is dug up in considerable quantities in North
Prussia, from which the great supply of amber comes. It is
found there in beds of bituminous wood, from which it is
disengaged by the action of the waves, and in the mines it is
deposited in considerable quantity below the bituminous wood.
It has been observed, also, in a similar position in Sicily,
Spain, France, Greenland, China, &c.

Insects and other organic bodies are frequently found

* Annals of Philosophy, (2d series,) i. 136.
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engaged in it. From this, it has been concluded, that it was
originally exuded from trees in a liquid state, and that it
gradually became solid by exposure to the air.

It occurs in irregular forms, grains and spheroidal masses;
fracture conchoidal; surface uneven and rough. It has never
been observed in crystals,

Its colour is yellow, passing into red, brown, and white,
streak white; often transparent, sometimes only translucent.

Hardness 2 or 2:5. Specific gravity of yellow amber as
determined by Mohs 1-081.

When rubbed, it becomes negatively . electric. 'When
rubbed, pounded, or burnt, it gives out an agreeable odour.

When heated, it swells and burns; when distilled, it yields
succinic acid.

Amber is capable of being turned on the lathe and polished.
It then possesses great beauty, and is occasionally employed
as an ornament.

It contains at least five different substances, namely, 1
volatile oil, to which it owes its aromatic smell. It exists in
small quantity. Doubtless it was originally abundant, and
gave fluidity to the amber. 2. A yellow resin easily soluble
in alcohol, ether, and alkalies. 8. A resin soluble in hot
alcohol, and precipitating in a white powder as the solution
cools. 4. Succinic acid. 5. A substance insoluble in alco-
hel, ether, and alkalies, similar to a substance found in lac.

Sp. 11. Highgate resin.
Fossil copal of Aiken.

This mineral was discovered about the year 1812, during
an attempt to pass a tunnel through Highgate Hill, on the
north side of London. It was in small pieces without any
regular shape. The colour was muddy yellowish brown;
semitransparent; lustre vesinous; brittle; hardness 25;
specific gravity 1'046.

When heated it melts into a limpid fluid, and gives out a
resinous and aromatic odour. Takes fire at the flame of 8
candle, and burns all away without leaving any residue. In-
soluble in potash ley and acetic acid. Soluble in ether, and
partially in alcohol.

Genus II. Boron.

A which constitutes the base of boracic’ ‘acid, is a

b
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black substance, somewhat like charcoal, which has never
been met with in the mineral kingdom. But the combination
of boron and oxygen, known by the name of boracic acid,
occurs in that kingdom, and constitutes the only species
belonging to this genus at present known.

Sp. 1. Boracic Acid.
Sassolin of Reuss.

This acid is rare in the mineral kingdom. It has been
observed in the craters of certain volcanoes, particularly in
that of Vulcano, one of the Lipari islands, where it was first
observed by Mr. Smithson Tennant, and afterwards by Dr.
Holland. It was first observed as a deposit from the hot
springs at Sasso, a city in Sienna, Italy.* It exists also
abundantly in the Lagoni, in Tuscany, and considerable
quantities of it are imported into this country to be converted
into borax for the use of the potteries.

The boracic acid from Vulcano is in small scales, translucent,
having a pearly lustre, and a white colour, except when tinged
yellow by an accidental mixture of sulphur.

It is very light, and the scales adhere to the fingers. Its
taste is slightly saline, and it is soluble in water, by which it
may be separated from all admixture of sulphur. The pro-
portion of sulphur, as Stromeyer has shown, varies from 5 to
20 per cent., proving that it is not chemically combined, but
only mechanically mixed.

When put into the flame of a candle, it at first tinges it
green; but when the water of crystallization is completely
dissipated the green tinge disappears. Stromeyer has shown
that this boracic acid is pure, and that it retains its water of
crystallization.+

The variety called sassolin occurs in stalactites having a
white colour, here and there spotted with Isabella yellow.
It has a smooth and soapy feel, and is composed of small
scales.

Vulcanic boracic acid is pure, if we except the occasional
admixture of sulphur. Sassolin was found by Klaproth to
contain the following substances :—

* Hence the name Sassolin. 4+ Untersuchungen, p. 280.
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Hydrous boracic acid, . . . 81:33
Sulphate of manganese with some iron, 10-50
Sulphate of lime, . . . 2-83
Silica, . . . . . 2:66
Carbonate of lime, . . . 1-66
Alumina, . . . . 0-66
Peroxide of iron, . . . 0-33
99-97%

The foreign bodies are obviously mechanical mixtures,

Boracic acid is very seldom found in the mineral kingdom
combined with bases. Only three species containing it are
at present known to exist. These are,

1. Borax or biborate of soda.

2. Boracite, or biborate of magnesia.

8. Tourmalin, which contains biborate of lithia combined
with two silicates.

Genus III. Sivricon.

Silicon, which constitutes the base of silica, has never yet
been met with in the mineral kingdom, but the combination
of it with oxygen, called silica, is exceedingly abundant, and
presents itself under so many forms, that it has been sub-
divided into no fewer than eight different species. Of these
we shall now give a description.

Sp. 1. Quartz.
Rock crystal, amethyst, cantalite, dragonite, iron flint, prase, rose quartz,
milk quartz, siderite.

Quartz constitutes one of the most abundant of minerals,
being one of the constituents of granite, gneiss, mica slate,
and sandstone.

Its colour when pure, is white; but it is often coloured
violet, when it is called amethyst; red, when it is called rose
quartz ; green, when it is called prase ; yellowish green, when
it is called cantalite ; yellow, when it is called Indian topaz,
or cairngorum stone. 1t occurs, also, blue, when it is called
siderite; smoke-grey, brown, and black, or blackish brown.
When transparent and colourless, it is called rock crystal.

" A * Beitrage, iii. 97.
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The fracture is small conchoidal. Cleavages may be
discovered parallel to the faces of a triangular dodecahedron,
composed of two six-sided pyramids applied base to base;
but quartz cannot be said to have a foliated structure. '

It occurs very frequently crystallized, and the most common
form is a six-sided prism terminated by
six-sided pyramids. The primary formis a
rhombohedron deviating but a few degrees
from a cube. '

P on P’ 94° 15/

This primary form is sometimes met
with; but by far the most common form
is a regular six-sided prism terminated by
six-sided pyramids.

M on M’ 120°.
M on P 141° 40'. a
P on T 138° 48"

When the intervening prism is wanting, the
crystal becomes a dodecahedron composed of
two six-sided pyramids applied base to base.

The two adjacent faces of each pyramid are
inclined to each other at angles 76° 40".

Sometimes the angles a, a’ are replaced by small rhombs.
Sometimes the face M is much broader than the twa contigu-
ous faces of the prism M. Sometimes all the edges of the
pyramids are replaced by tangent planes, The relative size
of the faces varies exceedingly.

Lustre splendent and vitreous in the crystallized speci-
mens. Sometimes the lustre inclines to resinous. Sometimes
it is only shining or glimmering.

Crystals often transparent, sometimes only translucent.
The amorphous specimens sometimes opaque, or only trans+
lucent on the edges.

Refracts doubly.

Hardness 7. Specific gravity of a snow-white crystal
2690.* Hauy gives the specific gravity 2:6701.+ Accord-
ing to Brisson, it is 2654, Beudant found the specifie
gravity to vary from 2:6413 to 2:6541.1

Before the blowpipe it undergoes no change per se; but
with carbonate of soda, it fuses with brisk effervescence into
a transparent glass.

* Mohs, ii. 334. + Hauy, ii. 229.
1 Ann. des Mines (2d series), v. 275.
1 F
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When pure, it is composed of nothing but silica. Traces
of alumina, oxide of iron, or oxide of manganese, are found
often in apparently pure specimens.

Quartz crystals occur most commonly in cavities in granite.
The finest specimens are found in Dauphiné, the Alps of
Saltzburg, the Tyrol, Switzerland, Piedmont, and Savoy.
They occur, also, in the islands of Madagascar and Ceylon.
The cairngorum pebbles are found near the source of the
Dee, at the head of Aberdeenshire, in the highest mountain-
ous tract in Scotland. But deeper yellow, and more beauti-
ful transparent specimens of rock crystal are brought from
Brazil. Rose quartz occurs at Rabenstein, near Zwiesel, in
Bavaria and in Siberia. It is found, also, in the United
States of America. The milk-white varieties are from Nor-
way, Spain, France, &c.

What is called prase, is quartz tinged green by epidote.
It occurs at Breitenbrunn, in the mining district of Schwartz-
enburgh, in Saxony.

Sp. 2. Kilpatrick Quartz.

In the amygdaloid, which constitutes a considerable portion
of the Kilpatrick hills, terminating near Dumbarton on the
north side of the Clyde, a kind of quartz occurs, which seems
entitled to rank as a separate species,

It is white and translucent, and constitutes spheres
about the size of a hazel nut, mixed abundantly with stil-
bite and calcareous spar. I have not seen it in situ, but it
seems from its appearance to occur in cavities, or rifts in the
rock.

These spheres constitute an aggregation of crystals, the
forms of which cannot be made out, but the exterior termina-
tion of each, when examined under a microscope, appears to
be a four-sided pyramid. So that each of the spheres is
studded with small microscopic four-sided pyramids.

The hardness is 7, the same as that of rock crystal. But
the specific gravity is only 2:525.

Its constituents were found to be

Silica, . . 962
Water, . . 30
992

The water contained traces of sulphuric acid.



CALCEDONY. 67

This constitutes very nearly

18 atoms silica, . . 86
1 stom water, . . 1-125
87125

The presence of water, the smaller specific gravity, and the
different shape of the crystals, seem to warrant the propriety
of constituting this kind of quartz into a peculiar species.

Sp. 8. Calcedony.
Bloodstone, carnelian, Egyptian pebble, heliotrope, sardonyx, onysx,
mocha stone, haytorite.

Calcedony seems to bear the same relation to rock crystal
that common stalactite does to calcareous spar. It occurs
most commonly in the cavities of amygdaloidal rocks; though
sometimes, also, it constitutes veins.

Its colour is most commonly grey, of various shades and
degrees of intensity. Blue, green, brown, and yellow, are
not uncommon colours. It is also said to have been observed
of a brownish black colour. In some of the varieties various
colours appear together either in stripes or spots. Sometimes
thin layers of different colours alternate with each other.

The fracture is even and fine grained. In some cases a
fibrous fracture may be perceived.

Most commonly calcedony is amorphous; but it is some-
times found crystallized in small rhombohedrons, having the
same angles as the primary crystal of quartz. This shows
that the difference between calcedony and quartz lies merely
in the way in which the particles have been united together.
Those of calcedony have been deposited from a liquid, and
have in general solidified too rapidly to assume a regular
form, while quartz has always crystallized either regularly
or irregularly. The variety called Haytorite, exhibits pseudo-
morphous crystals, which Mr. Levy has shown to be analo-
gous to those of Humboldtite, a mineral which is probably a
variety of datholite.*

The lustre is dull, or only glimmering. The hardness is
the same as that of quartz.

It is generally semitransparent, or at least translucent.
The lightest kinds more, and the darkest less so. Some of
the deepest coloured specimens are only slightly translucent.

® Phil. Mag. (2d series), i. 38. Phillips’ Mineralogy, p. 379.
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I found the specific gravity of a very pure specimen 2:600.
Two specimens were found by Hoffman, the first 2-583, the
second 2:620.* According to Brisson, the specific gravity
varies from 2:588 to 2-664.

Before the blowpipe, it behaves exactly as quartz does.

Calcedony, when pure, consists of silica with a small quan-
tity of water, which seems not enough to be chemically com-~
bined. For example, Wohler found Haytorite composed of

Silica, . . 985

Peroxide of iron, . 02

Water, . . 05
99-2+

If the water in this specimen be chemically combined, it
would be a compound of

114 atoms silica, . 228
1 atom water, . 1125
229-125

Now this, to say the least of it, is rather an improbable
combination,

The term calcedony is generally applied by dealers to the
grey-coloured varieties. Those that have a red colour, are
called carnelian.

Alternate layers of brown and opaque white calcedony
constitute the onyz. When the colour is a deep brownish
red, or by transmitted light blood-red, the stone is termed
sard. Alternate layers of sard and milk-white calcedony
constitute sardonyz.

Plasma has a dullish green colour with yellow and whitish
dots, and a glistening lustre. It has not been analyzed ; but
is considered at present as a variety of calcedony.

Heliotrope has a deep green colour, and blood-red spots
are ientrspersed through it. From this latter circumstance it
has got the name of bloodstone.

¢ Handbuch, ii. 111.
1+ Poggendorf's Anpalen, xii. 136. I found a calcedony constituting
sphericles in a felspar porphyry from the Morne mountains, Ireland, having
a specific gravity of 2:641 composed of

Silica, . . . . . . . 95°15
Alumina, with a little peroxide of iron, . 1956
Lime, . . . . . . . 225

Water, . . . . . . . 1

——

100°35
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Chrysoprase has an apple-green colour, and in other
respects approaches calcedony. Its specific gravity is stated
in some mineralogical systems to be 8.25, on the authority of
Klaproth. But Klaproth, in the paper in which he relates
bis analysis of chrysoprase, says nothing about its specific
gravity.* Hoffmann found the specific gravity to be 2-608.+
It contains 96:16 per cent. of silica, 1 per cent. of oxide of
nickel, with a very little lime, magnesia, alumina, and oxide
of iron.{

Mocha stone is calcedony, containing dendrites, usually of
a black or brown colour; but sometimes green, and bearing
considerable resemblance to certain mosses.

Agate is a compound mineral, consisting of alternate layers
of calcedony and quartz, jasper, heliotrope, or opal. Calcedony
is usually the basis. The crystals of quartz, or amethyst,
which it contains, are commonly in the centre; showing,
when it occurs, that' it has been formed by depositions of
siliceous matter within the cavity. After the first layers of
calcedony have been deposited, the silica in the fluid still
remaining in the central portion shoots into quartz crystals,
which are more or less regular.

Sp. 4. Flint.
Pyromachus, pierre & fusil, feuerstein.

This mineral occurs in great abundance in common chalk,
in which it is deposited in tuberose masses, and in pretty
regular layers, each in an insulated state. It is found also
occasionally in amygdaloid, being sometimes a constituent
of agate. It is said also to occur in veins both in primary and
transition rocks.

The colour is usually grey, of various shades and degrees
of intensity. Black, brown, yellow, and red, are the colours
intermixed with grey in this mineral.

Its fracture is perfect and large conchoidal. It is never
crystallized. But when cavities occur in it, they are some-
times lined with small quartz crystals having the usual form.

Lustre glistening or glimmering.

It is translucent ; the blackish varieties only on the edges.

Hardness 7, or even 7-25. It is very fragile; being
exceedingly easily broken by a blow.

* Beitrage, ii. 127. 1 Handbuch, ii. 99. 1 Klaproth, Ibid.
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Its specific gravity, as determined by Hoffman, is from
2.575 to 2:594.*

When two pieces of flint are rubbed against each other in
the dark, a good deal of light is given out with a peculiar
smell. It breaks into wedge-shaped fragments. It gives
abundant sparks with steel, and therefore is commonly fixed
on musket locks, to kindle gunpowder by striking against
the pan of the piece.

Before the blowpipe it behaves like quartz.

It is essentially composed of silica, with a little combined
water, A specimen analyzed by Klaproth contained

Silica, . . 980
Alumina, . . 0-25
Oxide of iron, . 0256
Water, . . 15
100*

If we admit the alumina and oxide of iron to be accidental
ingredients, flint will be a compound of

87 atoms silica, . . 74
1 atom water, . . 1125
75125
Sp. 5. Opal.

Cacholong, gyrasol, hydrophane, semiopal, wood opal, opal jasper.

The term opal is usually applied to minerals having a cer-
tain degree of transparency, but rendered somewhat opaque
by a different colour floating, as it were, within the stone.
This colour is usually milk-white, constituting what is called
the common opal. But it is yellow, brown, red, and even
green, of different shades. 'What is called the precious opal,
is also most commonly milk white ; but when held in a proper
direction with respect to the light, it displays a beautiful play
of colours, blue, green, yellow, and red. Most commonly
several of them appear together. When the play of colours
exhibits only the red, the stone is called fire opal; when the
texture is fibrous, the mineral is known by the name of wood
opal.}

# Handbuch, ii. 84. 1 Beitrage, i. 46.

1 The opalus of the ancients (see Plinii Hist. Nat. lib. 87. c. 36.) seems
the same as our opal.
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The fracture of the opal is perfect conchoidal. In what is
called semiopal, it is flat conchoidal.

None of the varieties of opal have been observed in crystals.

The lustre is splendent and vitreous. In the motker-of-
pearl opal it is pearly, and in the semiopal, the lustre is resin-
ous and only glistening, '

It is most commonly semitransparent or translucent. The
Jire opal is transparent, and the mother-of-pearl opal opaque.

It is rather softer than quartz. Perhaps the hardness may
be nearly represented by 6:75.

The specific gravity varies from 2:015 to 2-21.

It is infusible before the blowpipe.

The precious opal has not been analyzed. The common
opel, by Klaproth’s analysis, is silica, united to 5 per cent. of
water, and 1 per cent. of peroxide of iron. Or, considering
the iron as accidental, it is a compound of

10 atoms silica, . 20
1 atom water, . 1125
21:125

Whether the water be really in chemical combination with
the silica, is not known; but that it is so is not improbable.

The precious opal is found chiefly at Czscherwenitza, near
Kaschau in Upper Hungary, where it occurs in veins in a
clay porphyry, considered as having been ejected from a
volcano long since extinct. The other sub-species have been
found in veins in primary rocks and in amygdaloid, where
they are associated with calcedony. It is stated also in books
to occur in beds, but no locality is given.

Sp. 6. Jasper.
Sinople, ribbon jasper, Egyptian jasper.

This mineral is easily distinguished from the other species
of quartz already described, by its opacity and by the darkness
of its colours.

It is a hard mineral, having a conchoidal fracture and a
pretty deep colour, either brown, yellow, or red. The lustre
is inconsiderable, and most commonly resinous. The specific
gravity is about 2-6.

The brown-coloured mineral which occurs so abundantly in
rolled pebbles in the deserts of Egypt, is called Egyptian
Jasper. When strlpes of green, yellow and red, occur on the
same mineral, it is called striped jasper. The jasper agate is
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reddish white. Several colours generally appear on the same
mineral.

Jasper has not been examined by modern chemists; but it
seems to consist of silica united to a small quantity of peroxide
of iron. If any confidence can be put in Kirwan’s analysis
of common jasper, it consists of

Silica, . . . 75
Peroxide of iron, . . 13
Alumina, . . 05
Lime, . . . 02
88-8*

Were we to consider the silica and peroxide of iron to be
in the ratios in which they exist in jasper, it would be a com-
pound of 14} atoms of silica, and 1 atom of peroxide of iron.
But the analysis requires repetition.

Jasper occurs in veins in primary and transition rocks. It
is found also in nodules, and associated with calcedony in
amygdaloid.

Sp. 7. Basanite.
Lydian stone, touchstone, flinty slate.

This mineral is usually met with in beds in grey rocks and
trap rocks.

Its most common colour is grey; ash grey, smoke grey,
and pearl grey, are the most frequent. Sometimes it is bluish
grey. Shades of yellow, brown, and red, are not uncommon.
Frequently it presents zoned, striped, or undulating delinea-
tions. When greyish black or velvet black, it is called
Lydian stone or basanite. The other colours belong to Flinty
slate.

The fracture of flinty slate is slaty, that of basanite, even.

It never occurs crystallized.

Lustre glimmering. Frequently traversed in various direc-
tions by quartz veins, which have a stronger lustre.

Lydian stone is opaque; but flinty slate is translucent on
the edges.

Hardness 7. Very tough.

The specific gravity of Lydian stone, according to Hoff-
mann, is 2:585, and that of flinty slate from 2:613 to 2-644.1

This species has not been analyzed, but it is obvious from

® So stated by Phillips, Mineralogy, p. 19. I do not know where this
analysis was published. 1 Handbuch, fi. 77.
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its charaeters that it consists chiefly of silica. Humbold¢t has
rendered it probable, that Lydian stone owes its black colour
to charcoal.

Perhaps this substance should rather be considered as a
rock than a simple mineral. If so, it should not find a place
in the system.

Besides the species above described, there are some other
varieties or sub-species of quartz which bave been noticed by
mineralogists. The most important of these are the following :

HyarLiTE or Muller glass. It occurs at Frankfort on the
Maine, lining the cavities of basalt. It has been observed
also in America, Italy, and Hungary.

It has a glassy lustre, is brittle but as hard as quartz. Its
specific gravity is stated at 2:4. According to Bucholz, it is

composed of
Silica, . . . 92
Water, . . . 68
Alumina, trace, . . -

983
This is nearly 8 atoms silica to 1 atom water.

Burr sToNE. This mineral occurs in the tertiary forma-
tions in the neighbourhood of Paris, and has been long famous
for the excellent mill stones which it forms. It is met with
also in England. I bave a specimen from Holken.

Its colour is yellowish white, its texture compact, its frac-
ture even, and its hardness and its behaviour under the blow-
pipe is the same as that of quartz. It contains small cavi-
ties which are tinged yellow, obviously by iron. Specific
gravity 2:511.

For an account of NEcTIC QUARTZ we refer to Hauy,
Mineralogy, ii. 266. For the flexible sandstone of South
America, we refer to Jameson’s Mineralogy or Hoffmann’s
Handbuch, ii. 47.

For an account of gelatinous silica, we refer to the Annales
des Mines, xiii. 321.

For other varieties, Jameson or Phillips may be consulted.

Silica possesses the characters of an acid. It enters into
definite combinations with lime, magnesia, alumina, glucina,
yttria, cerium, zirconia, thorina, iron, manganese, zinc, and
copper. Like all weak acids it unites with bases in several
proportions, Hence, the number of silicates in the mineral
kingdom is very great, constituting no fewer than 206 different
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species of minerals. These different species will come under
our review when treating of the genera included under the
2d class of our division, namely, alkaline bases.

GENUS 1V.—PHOSPHORUS.

Phosphorus has so great a disposition to unite with oxygen
that it is never found in the mineral kingdom in an isolated
state. As it has a strong affinity for the greater number of
the metals, we might have expected that metallic phosphurets
would occur; but hitherto no such compounds have been
observed. Phosphoric acid, in which the phosphorus is united
to oxygen, is rather common in the mineral kingdom, never
in an isolated state but always in combination with a base.
These combinations, called phosphates, will be described among
the minerals arranged under the 2d class of our arrangement.

The phosphates at present known to exist in the mineral
kingdom, amount to about 12. Their names are as follow :

1 Apatite or subsesquiphosphate of lime,

2 Turquois or trisphosphate of alumina,

8 Wavellite or hydrousdiphosphate of alumina,

4 Phosphate of yttria,

5 Diphosphate of iron,

6 Subsesquiphosphate of iron,

7 Phosphate of iron,

8 Huraulite or ferro-phosphate of manganese,

9 Chloro-phosphate of lead,

10 Hydrous diphosphate of copper,

11 Bihydrous diphosphate of copper,

12 Uranite or calcareo-phosphate of uranium,
18 Chalcoliteor cupreo-phosphate of uranium.

GENUS V.—SULPHUR.

Sulphur has not the same strong tendency to unite with
oxygen that phosphorus has. Hence, it is found native in
considerable abundance. Its disposition to unite with bases
is greater than that of phosphorus. Hence it is found in the
mineral kingdom united both with acid and alkaline bases.
With the former of these it constitutes acids, to which the
name of sulphides has been given. With the latter it forms
alkalies or bases, distinguished by the name of sulphurets.

Sulphur is also found in the mineral kingdom united to

.
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oxygen, and constituting sulphuric acid. This acid has so
great a tendency to unite with bases, that it rarely occurs in
‘an isolated state. Certain lakes in the islands of Java and
Borneo are said to be impregnated with this acid in a free
state ; but no example of this kind has been met with any
where else, except in Persia, where there is an earth so
strongly impregnated with this acid, that it is used by the
natives as an acidulous seasoner of food.

Sp. 1. Native Sulphur.

Brimstone.

Sulphur has a greenish yellow colour. The crystals are
sometimes transparent, but sometimes only translucent. It
refracts doubly so strongly that the image appears double even
when viewed through two parallel faces.

The hardness of sulphur is 2-5. Its specific gravity is very
nearly 2. Breithaupt found that of a yellow transparent
specimen 2:071. Brisson states the specific gravity at 2-038.

The primary form of the crystal of sulphur
is an octahedron, composed of two four-sided
pyramids, with a rhomboidal base, the dimen-
sions of which are as follow : —

P on P 106°20 according to Brooke.

106 30 according to Phillips.
106 165 according to Kupffer.
P on P”143°25 according to Brooke.
143 25 according to Phillips.
143 268 according to Kupffer.
Sometimes the face P extends in breadth so
as to make the point A assume the form of a
wedge. Sometimes the point A is replaced
by a small rhomboidal face parallel to the
common base of the pyramids. Sometimes
the edges D are replaced by tangent planes,
introducing an oblique prism between the two
pyramids which constitute the octahedron. The angle which
P on P" makes with the adjoining face of the prism is 161°
425,

Sometimes the angle I is replaced by a triangular face,
which may also be considered as a tangent plane.

Sometimes the edges B, B’ are replaced by tangent planes.
This converts the octahedron into a dodecahedron.
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Sometimes the summits A are replaced by low four-sided

yramids.

Mitcherlich has shown that when sulphur is melted and
cooled slowly it crystallizes in right rhomboidal prisms. But
this form (which is incompatible with the pyramidal) has never
been observed in the crystals of sulphur found native.

Sulphur occurs in beds in a blue clay formation, which con-
stitutes a considerable portion of Sicily, occupying the central
half of the south coast, and extending inwards two-thirds of
the island, and eastward as far as the district of Mount Etna.
This blue clay formation, Dr. Daubeny considers as more
recent than chalk, and of the same age with the gypsum beds
in the neighbourhood of Paris. It contains beds of gypsum
and of rock salt. The quantity of sulphur in it must be enor-
mous; for though Sicily has long supplied all Europe with
this article, the supply was so far from diminishing that the
price for a series of years rather sank than rose. Of late,
indeed, there has been a considerable rise, but not owing to
any deficiency of the supply, but advantage has been taken of
the great increase of demand. The Sicilians purify their
sulphur by collecting it in heaps, and setting fire to them on
the surface; thus causing the purification of one portion by
the combustion of another.*®

In veins, sulphur occurs in Suabia, Spain, and Transylvama.
It is deposited also from several springs, and in large quantities
from volcanoes.

Only two acid combinations of sulphur (exclusive of sul-
phuric acid) occur in the mineral kingdom; namely,

Sesquisulphide of arsenic, or realgar.

Sesquisulphide of antimony.

And red antimony, in which the sesquisulphide of antimoay
is combined with deutoxide of antimony.

Fourteen sulphurets occur in the mineral kingdom, in which
sulphur is united with an alkaline base. These are
1 Bisulphuret of molybdenum, 8 Supersulphuret of lead,

2 Sulphuret of iron, 9 Cupreous sulphuret of tin,
8 Bisulphuret of iron, 10 Sulphuret of bismuth,

4 White sulphuret of iron, 11 Needle ore of bismuth,

5 Sulphuret of manganese, 12 Disulphuret of copper,

6 ———— nickel, 13 Sulphuret of mercury,

7 ————— lead, 14 —— silver.

# Silliman’s Jour. x. 242.
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There are 17 sulphur salts formed by the combination of
sulphides with sulphurets. These are
1 Nickel glance, 10 Grey copper ore,
2 Sulpho-antimonide of nickel, 11 Tennantite,
8 Sulpho-arsenide of cobalt, 12 Cupreous sulphide of silver,
4 Zinkenite, 13 Silver glance,
5 Jamesonite, 14 Dark red silver ore,
6 Feather ore of antimony, 15 Light red silver ore,
7 Variegated copper ore, 16 Myargirite,
8 Copper pyrites, 17 Polybasite.
9 Bournonite,

The sulphates, consisting of combinations of sulphuric acid
with one or more bases, amount to 27.

All of these minerals will be described in the subsequent
part of this treatise.

GENUS VI.—SELENIUM.

Selenium has not yet been met with in the mineral kingdom
in an uncombined state. In the state of selenious or selenie
acid it has not yet occurred in any mineral substance; but
combined with a base in the state of seleniet, it has been met
with, and four such species are known to exist ; namely,

1 Seleniet of zinc, 8 Seleniet of copper,
2 Seleniet of lead, 4 Seleniet of silver.

GENUS VIIL,—TELLURIUM.

This rare metal has hitherto been found only in Transyl-
vania, and in Norway. Various species of tellurium ore have
been described, but only one of these belongs to this genus;
namely,

Sp. 1. Native Tellurium.

The colour of this mineral is tin-white, and the lustre
metallic. It has been found in crystals, which, according to
Mr. William Phillips, are regular six-sided prisms. The
figure in the margin represents the modification
described by Mr. Phillips.

M on M’ 120°.

The edges at the base of the prism are replaced
by the faces ¢, ¢ )

M on ¢ or M’ on ¢’ 147° 364
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It is obvious from this that the faces ¢, ¢ are not tangent
planes, for the inclination of ¢ on the base of the prism is only
122° 24'. ‘These crystals are so small that the cleavage planes
have not been ascertained.

This mineral is always opaque ; it is brittle ; its hardness
is 2 to 2'5; its specific gravity, as determined by Mr. W.
Phillips, from 57 to 6-1.

‘When exposed to the action of the blowpipe, it melts before
ignition, and on the increase of the heat, burns with a blaish
green flame, and is almost entirely volatilized in a dense white
vapour, having the smell of horseradish.

According to the analysis of Klaproth, it is composed of

Tellurium . . 92:55
Iron . . e 720
Gold . . . 0-25

100-00*
It is possible that this mineral may be a compound of 11 atoms
tellurium, and 1 atom iron, but as the ore is mixed witha good
deal of stony matter, it is more likely that the iron is only
mechanically mixed.

Native tellurium has been hitherto found only in the mine
of Maria Loretto at Facebay, near Zalathna, in Transylvania.
It is very rare at present; but about 40 years ago it was met
with in considerable quantity, and was melted to extract from
it the little gold which it contains. It was in a sandstone, but
whether in veins or beds is not quite certain.

There are three other species of tellurium ores, in each of
which it is united with one or more metallic bases. These
are

1 Foliated tellurium ore, or bitelluret of lead,

2 Graphic ore of tellurium, or argento-telluret of gold,

8 White tellurium ore, or plumbargento-telluret of gold.
These will come under our consideration in a subsequent part
of this treatise,

GENUS VIII.—ARSENIC.

This poisonous metallic substance occurs pretty frequently
in the mineral kingdom. It is found sometimes uncombined
in the metallic state, and metallic arsenic is found united with

* Beitrage, iii. 2.
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other metallic bodies, constituting arseniets. It occurs likewise
united with oxygen, constituting both arsenious and arsenic
acids. The former of these is found in the mineral kingdom
uncombined, but not the latter. Arsenic acid, however, enters
into combination with various alkaline bases, constituting
arseniates. Arsenic also is found united to sulphur in two
different proportions, constituting two sulphur acids, which
enter into various chemical combinations in the mineral king-
dom. The species belonging to this genus are the five
following:

1 Native arsenic, 4 Sulphide of arsenic,

2 Arsenious acid, 5 Sesquisulphide of arsemie.

8 Arsenic acid,

Sp. 1. Native Arsenic.

‘When metals occur in the earth in a state of purity, or
nearly so, mineralogists distinguish them by prefixing the
epithet native. 'When they are met with in combination with
sulphur, or with some other bodies, they are said to be
mineralized. By native arsenic then is meant arsenic in the
metallic state, or nearly pure.

Its colour in the fresh fracture is nearly tin-white, but it
speedily tarnishes and becomes greyish black.

The lustre is metallic. It occurs massive and in various
accidental forms, but has never been observed in regular
crystals. When sublimed, arsenic crystallizes in octahedrons,
which Romé de Lisle considered as regular; but Hauy doubts
whether the fibrous form of arsenic, after fusion, be compatible
with that figure.

Hardness about 5; but it becomes softer on exposure to
the air., When reduced to powder, it speedily becomes
black.

The specific gravity of arsenic, when pure, is 5:672.*
Native arsenic usually contains a small portion of some other
metal, which increases its specific gravity somewhat. Brisson
states it at 5°7249.+ Breithaupt found a specimen of Saxon
native arsenic as high as 5-923.1

‘When heated it is volatilized in a white smoke having the
smell of garlic. 'When heated nearly to redness it burns with
a pale bluish white flape, giving out white fumes having the
smell of garlic.

® Harepath. Phil. Mag. Ixiv. 322, + As quoted by ‘Hauy.
1 Hoffman's Handbuch, iv. 208.
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John analyzed two specimens of native arsenic from
Joachimsthal, and found the constituents

Arsenic, . . 96 . 97

Antimony, . . 3 . 2

Oxide of iron and water, 1 . 1
100 100*

If the first of these specimens was a chemical compound of
arsenic and antimony, it must have consisted of
54 atoms arsenic,
{ 1 atom antimony,
while the second would be a compound of
82 atoms arsenic,
1 atom antimony,
But it is much more probable that the -antimony is either
only mechanically mixed, or at least combined with only a
portion of the arsenic.

Native arsenic occurs most commonly along with those
metallic ores that contain arsenic as a constituent; as arseni-
cal pyrites, orpiment, grey copper, white cobalt, grey anti-
mony, arseniet of nickel. In this way it is found at Kongs-
berg in Norway, at Andreasberg in the Hartz, and St.
Marie aux Mines in France.

Sp. 2. Arsenious Acid.
White Arsenic.

This is rather a rare mineral; but it is met with in small
quantities along with native arsenic, arseniet of cobalt, and
sulphate of arsenic. The principal localities are Andreasberg
in the Hartz, Joachimsthal, and St. Marie aux Mines.

Its colour is snow-white; it is either in stalactitical crusts
or in small capillary prisms. The internal lustre is shining,
and either glassy or silky.

It may be obtained artificially, crystallized in regular octa-
hedrons; but under this form it has not yet been met with in
the mineral kingdom. The specific gravity when pure is
8729.+

Before the blowpipe it is completely volatilized in a white
smoke, When exposed to the internal flame it becomes
black, and gives out a strong smell of garlic. It dissolves in

# Chemische Untersuchungen, i. 289.
+ Harepath.. Phil. Mag. Ixiv. 822.
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hot water, and the solution strikes a yellow with water im-
pregnated with sulphuretted hydrogen.

Sp. 3. Arsenic Acid.

The tendency of this acid to combine with bases is so great
that in an isolated state it has not been met with in the
mineral kingdom; but in combination with a base constituting
an arseniate, it is by no means uncommon, no fewer than
nineteen species being already known. These are,

1 4} hydrous arseniate of 11 Subsesquiarseniate of lead,

lime, 12 Diarseniate of copper,
2 Sesquihydrous arseniate of 13 Copper mica,
lime, 14 Prismatic oliven ore,
8 Diarseniate of iron, 15 Acicular oliven ore,
4 Arseniate of iron, 16 Octahedral arseniate of
5 Subsesquiarseniate of iron, copper,
6 Scorodite, 17 Trisarseniate of copper,

7 Sulpho-arseniate of iron, 18 Kapferschaum,
8 Diarseniate of nickel, 19 Ferruginous arseniate of
9 Diarseniate of cobalt, copper.
10 Arseniate of lead,
These species will come under our consideration while treat-
ing of the various bases with which the arsenic acid is united.

Sp. 4. Sulphide of Arsenic.
Realgar, red sulphuret of arsenic.

This mineral has a beautiful scarlet red colour, while its
streak is orange yellow.

Its cross fracture is uneven, or sometimes imperfectly
conchoidal; but it cleaves parallel to the planes of an oblique
rthombic prism.

M on M’ 74° 15, and the corresponding obtuse angle at
the edge G 105° 45’. The terminal
face P on M or M’ 104°6'. The crys-
tals of this substance hitherto met with
have never the primary form. The
solid angles E, E, are always re-
placed by small planes; the acute
edges H of the prism are always
replaced by two, and sometimes by
three faces. In some crystals the
obtuse edges G are also replaced by a tangent plane.

Hardness 1:5. It is brittle, and easily frangible, Its

I. G

T~
T~
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specific gravity, according to Brisson, is 3:384. Breithaupt
found that of a crystallized specimen from Felsobanja 3:642.

Before the blowpipe it fuses easily, and burns with a blue
flame, and is dissipated in fumes having the odour of garlic,
and of sulphurous acid.

It is translucent, and the crystals are semitransparent.
‘When rubbed, it acquires negative electricity.

Berzelius analyzed it and found it a compound of
Arsenic  4.68
Sulphur 2
6:68
It is obvious from this that it is a sulphide, or a compound of
1 atom sulphur and 1 atom arsenic.

This mineral occurs along with native arsenic, and those
metallic bodies such as cobalt and nickel, which are mineral-
ized by arsenic. It is found at Andreasberg, in the Hartz,
and beautiful crystals have been observed at Joachimsthal in
Bohemia. It is said also to be found along with volcanic
substances at Vesuvius, Solfatara, and Puzzola.

Sp. 5. Sesquisulphide of Arsenic.
Orpiment, yellow sulphuret of arsenic.
The colour is lemon yellow, and the streak has the same
colour, but is rather paler.
The fracture is foliated, and the thin foliz are flexible.
It occurs in very small crystals. Mr. W. Phillips has
A shown that the primary form is
| a right rhombic prism.
® M on M’ 100°. The edge G
| 80°. Sometimes the edge H is re-
' u ‘ placed by a tangent plane, sometimes
|

13 | by two planes. The angles A, A,
e i and likewise the angles E, E, are

\ “-.. occasionally replaced by planes in-
L~ tersecting the base P parallel to its
diagonals.” It cleaves also parallel to the diagonal E, E.

The lustre of the cleavage faces is metallic, pearly; every
where else resinous.

Semitransparent, or at least translucent. Hardness 15.
Specific gravity, according to Haidinger, 3-480* Breithaupt

* Mohs’s Mineralogy, iii. 48.
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found that of a foliated specimen from Lower Hungary 8-4.*
Brisson states it at 8-445.1
The action of the blowpipe on it is the same as upon
realgar. '
From the analysis of Berzelius it is evident that this
mineral is a compound of

1} atom sulphur, 3
1 atom arsenic, 475
7°75

Orpiment occurs in the same situations as realgar; accord-
ing to the Wernerians it is of rare occurrence in primary
rocks, but much more frequent in the fleetz trap rocks. It
is found in blue clay at Tasowa, near Neusohl, in Lower

Hungary.1

GENUS IX.—ANTIMONY,

This metal does not occur in nature in a great variety of
forms. It is found native, though in that state it is rare; it is
found united to arsenic and silver, constituting antimoniets of
these metals. United to oxygen, it constitutes antimonious
acid, and with sulphur sesquisulphide of antimony. The
union of the two last species constitutes red antimony.

Sp. 1. Native Antimony.

This mineral was discovered by Anton Swab, in 1748, in
the lead mine of Sala, in Westmanland.§j Afterwards it
was found at Allemont, in France, and in
other places.

The colour is tin-white, often tarnished;
the fracture is foliated, and it cleaves,
according to Mr. Brooke, parallel to the
planes of an obtuse rhomboid.

P on P’ about 117° Brook

117° 15’ Haidinger.
But the measurements of different frag-
ments do not agree within more than two
degrees. Hauy considers the primary
form obtained by mechanical division, to
be the regular octahedron.
* Haussmann's Handbuch, iv. 222, + Ibid.

1 Haidinger, Mohs's Mineralogy, iii. 49.
§ Kong. Vetensk. Acad. Handl. 1748, p. 99.
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The lustre is metallic, and when newly broken splendent.
Opaque; hardness 2:5 to 8. Specific gravity as deter-
mined by Klaproth, in a specimen from Catharine Neufang
mine at Andreasberg in the Hartz, 6-720.*
Before the blowpipe it melts, and is volatilized in a white
smoke. Its constituents, as determined by Klaproth, are
Antimony 98

Silver 1
Iron 025
99-254

There can be no doubt that the silver and iron are merely
accidental ingredients.

Sp. 2. Arseniet of Antimony.

This species is doubtless scarce, as it is not described in
any mineral system which I have seen. The specimen in
my cabinet is from Allemont.

The colour is reddish grey; the texture fine granular;
the lustre metallic; opaque; hardness 3-5; specific gravity
6:130.

Before the blowpipe it smokes, emitting the smell of arsenic,
melts into a metallic globule, which catches fire, and burns
all away, leaving white oxide of antimony on the charcoal.
The constituents were found to be

Antimony  46-612
Arsenic 38:508 '

Loss 14-880
100:000
Probably it is a compound of
2 atoms arsenic 75

1 atom antimony 8
155
This estimate is founded on the supposition that the loss was
arsenic. If the loss conmsists both of antimony and arsenic,
then the mineral is a compound of
11 atoms arsenic
8 atoms antimony
But the first supposition is the most probable of the two.

* Beitrage, iii. 170. + Ibid.
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Sp. 8. Protoxide of Antimony.
White antimony—antimony bloom.

This mineral occurs in small quantity, in veins traversing
primary or grey-wacke rocks. It usually accompanies the
ores of antimony, and is very frequently attended by quartz.

Colour white, most commonly with a shade of yellow.

The fracture cannot be observed, but it occurs in crystals
which are usually very thin four-sided prisms, having
very much the aspect of split straw. At Braunsdorf near
Freiberg, it has been found in sulphuret of lead in pretty
large six-sided prisms. According to Mr. Phillips it yields
to mechanical division parallel to the sides of a rhombic pnsm
of 137° 43, and 42° 17’; but the principal cleavage is
parallel to the shorter dlagonal of the prism.*

The lustre is adamantine and shining. It is semitrans-
parent, or at least translucent. Hardness 2-5 to 3; specific
gravity 5-566.1

Before the blowpipe it melts easily, and is volatilized in a
white vapour. Indeed it fuses when simply held in the flame
of a candle.

It is protoxide of antimony mixed or combined with a little
silica. A specimen from Braunsdorf analyzed by Vauquelin,
was composed of

Oxide of antimony 86°

Ditto and iron 3
Silica 8
97t

This approaches to 3 atoms silica
7 atoms oxide of antimony.
It may perhaps be a disilicate of antimony, or a compound of
1 atom silica
2 atoms protoxide of antlmony 19
21
But this can only be determined by a new analysis, and the
mineral is so scarce that it is not easy to procure a sufficient
quantity for such a purpose.
It was first found at Przibram in Bohemia, and afterwards
at Braunsdorf, in Saxony. It is found also at Malaczka, in
Hungary, in Baden, in Nassau, and at Allemont in Dauphiny.§

* Mineralogy, p. 331. + Mohs’ Mineralogy, ii. 152.
1 Hauy, iv. 309. § Mohs, ii, 1544
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Sp. 4. Sesquisulphide of Antimony.
Grey antimony—crude antimony—sulphuret of antimony.

This species constitutes the great ore of antimony, from
which all the antimony of commerce is extracted.

The colour is lead grey, inclining to steel grey. It has
the metallic lustre, and is specular splendent, except when in
minute capillary crystals, when it is nearly dull.

The primary form of the crystal is a right rhombic prism.

M on M’ 91° 8¢, by Mr, Phillips’ measurement. Mr.
Brooke found M on M’ 90° but observes that the secondary

forms of the crystals show that it is
not rectangular, but rhombhoidal.
In many cases the acute edges G of
the prism are replaced by tangent
planes. In some the terminal faces

P of the prism are surmounted by
four-sided pyramids, the faces M, M’
making angles of 145° 30, with the
corresponding faces of the pyramid.

. These two modifications sometimes
occur together.

When the crystals are large enough to observe the texture,
the mineral is foliated. The thin plates are very flexible.
Opaque; sectile; hardness 2. Specific gravity, as deter-
mined by Mohs 4-620;* according to Hauy, it is 4:516.}

When placed in the flame of a candle it melts. Before
the blowpipe it is dissipated in a white vapour, which coats
the charcoal, and gives out at the same time the smell of
burning sulphur. I found its constituents to be

Antimony 7377
Sulphur  26-23

100-00
This amounts nearly to
1 atom antimony 8
13 atom sulphur 8

1

The mineral is therefore a sesquisulphide.
The compact varieties of this species occur most commonly
in beds; but the crystallized and foliated varieties are ¢08"

)

* Mincralogy, iii. 24. 1 Mincralogie, iv, 292
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fined to veins. In Great Britain it has been wrought only
in Cornwall, where a pretty rich mine of it exists, Huel Boys,
Endellion, near Padstow. There was another mine of it at
Saltash on the borders of Devonshire, near Plymouth, which
yielded considerable quantities of crude antimony about the
year 1776, Itis found at Glendinning, in Dumfries-shire ;
but I am not aware that the mine has ever been wrought.
It occurs at Posing, near Presburg, in Hungary, and in other
localities of that country. It is found also in Saxony, and
beautiful specimens are brought from the department of Puy-
de-Dome, in France.

Sp. 5. Red Antimony.

This is rather a rare mineral. In small quantities it is
often associated with sesquisulphide of antimony. It has been
supposed by some that it owes its origin to a partial decom-
position of the sesquisulphide of antimony.

Colour cherry red; the fracture, when observable, is
foliated.

It most commonly occurs in delicate capillary crystals,
which Mr. Phillips thinks have for their primary form a right
square prism, having the edges commonly replaced by a tan-
gent plane. Mohs considers the primary form as an octahe-
dron, having a rhombic base.

Lustre shining, and approaching the adamantine ; feebly
translucent ; sectile; the thin lamina slightly flexible ; hard-
ness 1 to 1'5. Specific gravity, as determined by Klaproth,
4:090.* According to Mobhs, it is from 45 to 4-6.1+

Before the blowpipe it melts, and is volatilized, giving out
a sulphureous odour. When plunged into nitric acid it be-
comes covered with a white coating.

From the late investigations of M. H. Rose, we learn that
this mineral is a compound of

1 atom oxide of antimony . . 95
2 atoms sesquisulphide of antimony 22
315

Red antimony is found at Braunsdorf, in Saxony, Alle-
mont, in France, in Tuscany, and in Hungary and Transyl-
vania. It has been met with in veins only.

* Beitrage, iii. 179. + Mineralogy, iii. 37.
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GENUS X.—CHROMIUM.

Chromium in the metallic state has not yet been observed,
either isolated or in combination with other bases. The
green oxide of chromium, and chromic acid are not uncom-
mon, and always in combination with a base.

Oxide of chromium exists in chrome iron ore, where it acts
the part of an acid. The mineral being a compound of

1 atom chromite of iron,
1 atom chromite of alumina.

Chromic acid united to oxide of lead constitutes several
mineral species, namely,

Chromate of lead,
Dichromate of lead,
Cupreochromate of lead,
Chromo-phosphate of lead.

Of these, chrome iron ore is by far the most abundant, and
the most valuable. These species will come under our review
in a subsequent part of this work.

GENUS XI.—MOLYBDENUM.

Molybdenum has never been found native in the metallic
state. It exists in the form of molybdic acid, combined with
oxide of lead, and constituting molybdate of lead, a species
which will come to be described under the genus lead.

Molybdenum exists also united to sulphur, constituting the
only species belonging to this genus.

Sp. 1. Bisulphide of Molybdenum.
Molybdena—wasserblei—molybdenglanz.

The colour of this mineral is lead grey. It has the metallic
lustre, is splendent, and the streak is unchanged.

The fracture is foliated; the plates are easily separated
from each other, and when sufficiently thin, are flexible, but
not elastic. The mineral is sectile, and almost malleable.

The crystal is the regular six-sided prism of unknown
dimensions; but it always occurs very short. Schmeisser, in
the second volume of his mineralogy, says, that he saw
crystals of it in the possession of Mr. Raspe, which were six-
sided prisms terminated on both ends by six-sided pyramids;
but I am not aware of any such crystals at present existing
in cabinets.
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Opaque ; hardness 1 to 1°5; specific gravity, as determined
by Karsten, 4-569; by Brisson, 4-7385.

Before the blowpipe, it does not melt nor is reduced; but
it emits fumes, which are deposited upon the charcoal, while
at the same time a sulphureous odour is exhaled. v

It was first analyzed by Bucholz, who found its constituents

2 atoms sulphur, . . 4
1 atom molybdenum, . . 6
10*

It is found in small pieces, or in crystals, most frequently
in granite or gneiss. Its oldest localities are Altenberg, in
Saxony, and Schlaggenwald and Zinnwald, in Bohemia, where
it accompanies tin ore. It is found in a similar situation in
Cornwall, and abounds in the primary rocks of the United
States of America. In Norway, it occurs imbedded in the
zirconsyenite rock of the neighbourhood of Christiania.

GENUS XH.—TUNGSTEN.,

Tungsten has not been observed in the metallic state in
the mineral kingdom. It is always under the form of tung-
stic acid; and as this acid is constantly united to an alkaline
base, the species of minerals containing it will come to be
described under their respective bases. They are the follow-
ing:—

d 1 Tungstate of lime,

2 Wolfram,
8 Sesquitungstate of lead.

GENUS XI11I,—COLUMBIUM.

Columbium, like the preceding metal, occurs only in the
state of peroxide, or columbic acid, which is always united to
an alkaline base. The species hitherto met with are the
following :—

1. Yttro-tantalite, under which name three species of
minerals are included; namely,

(1.) Columbate of yttria,
(2.) Dicolumbate of yttria,
(8.) Triscolumbate of yttria.

* (ichlen's Jour. iv. 6O,
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2. Fergusonite.

3. Columbite, or tantalite.

These species will be described in a subsequent part of this
work.

GENUS XIV.—TITANIUM.

This metal in the metallic state has been observed only in
the slag at the bottom of iron furnaces. It combines with
two proportions of oxygen, constituting the protoxide of
titanium and titanic acid. Both of which have been observed
native, though the latter is never in a state of purity. Ti-
tanic acid combines with the oxide of iron in various propor-
tions, and constitutes at least five different species, which will
be described when we come to treat of the genus Jron. Here
we have only to give an account of titanium and its two
oxides.

Sp. 1. Native Titanium.

The existence of this metal in a state of purity in the slag
of Merthyr Tydvil furnaces, in South Wales, was discovered
by Dr. Wollaston in 1822.*

The colour is copper-red, and the titanium is usually under
the form of small cubes with smooth surfaces.

Lustre splendent and metallic; hardness 7:5; opaque;
specific gravity 5°8.

The crystals are infusible before the blowpipe: They are
not sensibly acted on by acids. They may be oxidized when
heated with a mixture of nitre, borax, and carbonate of soda.
They are good conductors of electricity.

These crystals consist of titanium in the metallic state, and
nearly pure. I found traces of iron in some of the cubes, but
am not quite certain that the iron may not have been mechani-
cally mixed. The cubes, however, had been repeatedly
digested in muriatic acid.

This reduced titanium was found at the bottom of the fur-
naces at Merthyr Tydvil, when these furnaces were cleared
out. It has been met with in other places. For example,
Professor Walchner found it in the iron slag at Carlsrube.t
It was found also lately at the bottom of the furnace at Muir-
kirk, in Ayrshire.

# Phil. Trans. 1823, p. 17. 1 Schweigger's Jahrbuch, xvii. 118.
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Sp. 2. Protozide of Titanium.
Anatase—octahedrite—oisanite.

This mineral was discovered by Count Bournon in 1783,
near the town of Oisan, in the department of the Isere, and
called by him blue schorl. Saussure afterwards described it,
and gave it the name of octakedrite, while Hauy distinguished
it by the name of anatase.

Its colour, when pure, seems to be indigo blue ; but more
commonly it appears, by reflected light, clove brown or steel-
grey : by transmitted light it is greenish yellow, or blue.
Its fracture is foliated, and the cleavage planes are parallel to
the faces of an octahedron.

It has been only found crystallized. The pmnary form is
an octahedron with a square base.

Pon P’ 98°.
P on P" 136° 12

Sometimes the summit A is replaced by a
small square parallel to the base of the pyra- "
mid. P or P’ makes with that face an angle
of 111° 17. Sometimes the summit A is
replaced by a low four-sided pyramid, P
making with the corresponding face of this
small pyramid an angle of 131° 21. Sometimes the small
pyramid replacing A is eight-sided.

Lustre splendent and adamantine. It varies from semi-
transparent to opaque ; hardness 55 to 6; specific gravity,
as determined by Hauy, 3-857,* by Mohs 3-826.¢

Before the blowpipe, it exhibits the phenomena of oxide
of titanium.}

By the analysis of Vauquelin, it is pure oxide of titanium.
From the colour, I am disposed to consider it as the pro- .
toxide of that metal. It is certainly not titanic acid, which
when pure is white.

This mineral is rare. In Dauphiny, it occurs in veins in
primary rocks along with albite, axinite, rock-crystal, and
chlorite. Bournon says, that he possessed a crystal of it from
Cornwall in granite. It bas been found also in Norway by
Von Buch; in Spain, and in Brazil.§

PI

# Mineralogie, iv. 344. 4+ Mineralogy, ii. 380.
1 Berzelius on the blowpipe, p, 140. § Mobs, ii. 380.
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Sp. 8. Titanic Acid.
Crispite, gallizinite, rutile, sagenite, titanite.

This mineral usually occurs in veins passing through primary
rocks. It has been met with in many different places. I
have fine specimens from Glen Tilt, in Perthshire. St.
Yrieiz, in France, is the most abundant locality ; but the
variety of situations in which it is found is so great, that it
would be impossible to enumerate them all. Its peculiar
nature was first pointed out by Klaproth in 1795.

The usual colour is brownish-red, more inclined to brown
when the specimen is opaque, and to red when it is trans-
parent.

Most commonly crystallized. The fracture, when observ-
able, is foliated, the cleavage being parallel to the lateral
faces, and to the diagonals of a right square prism; which
must therefore be considered as the primary form. In some
crystals the lateral edges are replaced by tangent planes; in
others, by two planes; and in some, both of these modifica-
tions occur together. The prism is frequently terminated by
afour-sided or eight-sided pyramid. The figure in the margio

exhibits at one view most of these modifi-

,//f AN cations.

s ’ M on d, or M’ on d’, 182° 32"
- a a
T~ ~1 M on e 161° 40-.

T M on ¢, or M’ on ¢, 122° 45.
aond 182° 20
M4 (e #ll done 158° 88
a on a over summit 90°,
c on c ditto 109° 47"
a ona’ 123° 15
aonc 151° 42.
The crystals are longitudinally striated. They often occur
penetrating transparent quartz. Sometimes small needle-
form crystals are met with intersecting

each other like a net. It was this circum-
/ stance which induced Saussure to give the
/ ) mineral the name of sagenite. Geniculated

V4

crystals frequently occur, consisting of twin
crystals united together lengthways, and

making an angle with each other, as re-
presented in the margin.
M’ on M” 134° 52,
Harduess 6:3 to 7; specific gravity as determined by Klap-

-
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roth 4:18;* as determined by Mohs 4:249.+ The last specific
gravity was that of a dark-coloured variety from Ohlapian.
Before the blowpipe it is not altered. It dissolves in borax,
forming a hyacinth red bead. It does not fuse with biphos-
phate of soda, though it communicates a pale red colour.
Kilaproth considered it a pure titanic acid, but Rose has
shown that it contains iron, and that it owes its colour to the
presence of the oxide of that metal. We are not yet in posses-
sion of an exact analysis. Should the iron amount to an atomic
proportion, titanic acid will require to be transferred to the
genus iron, and described as a titaniate or supertitaniate of iron.

GENUS XV.—VANADIUM.

Vanadium has not hitherto been discovered in the metallic
state. The minerals at present known contain it in the form
of vanadic acid. Only one species has been hitherto met
with; namely,

Vanadiate of Lead.
It will come to be described under the genus lead.

CLASS II.
ALKALINE BASES.

There are 27 alkaline bases which occur in the mineral
kingdom. These are,

1 Ammonia, 15 Iron,

2 Potassium, 16 Manganese,
3 Sodium, 17 Nickel,

4 Lithium, 18 Cobalt,

5 Barium, 19 Zine,

6 Strontium, 20 Lead,

7 Calcium, 21 Tin,

8 Magnesium, 22 Bismuth,
9 Aluminum, 23 Copper,
10 Gluacinum, 24 Mercury,
11 Yttrium, 25 Silver,

12 Cerium, 26 Uranium,
18 Zirconium, 27 Palladium.

14 Thoriom,
* Beitrage, i. 234. + Mineralogy, ii. 377.
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Each of these bases constituting a genus, it is obvious that
this second class comprehends under it no fewer than 27
genera of minerals.

GENUS I.—AMMONIA.

Though ammonia rather belongs to the animal than the
mineral kingdom, yet there are a few ammoniacal salts occa-
sionally met with, chiefly in the neighbourhood of volcanoes,
which are usually enumerated as mineral species. These we
shall notice in this place.

Sp. 1. Sal Ammoniac.

This salt occurs in the immediate vicinity of active vol-
canoes, and is formed by sublimation. Its best known localities
are Vesuvius, Etna, Solfatara, &c. It is formed also during
the combustion of pitcoal, and sublimes in the brick kilns in the
neighbourhood of London, during the baking of the bricks.

Colour usually white ; often inclining to grey or yellow.

Occurs in powder, in fibrous masses, in crusts, and in regu-
lar crystals, which have most commonly the form of what is
called the leucite crystal ; that is, a crystal approaching the
spherical form, and bounded by 24 trapezoidal faces. The
nature of this crystal will be explained under the species
leucite. The primary form of this salt is a cube, and the
leucite crystal is formed when each angle of the cube is
replaced by three planes, and when these planes increase so
much as to obliterate the original faces of the cube.

Lustre vitreous; hardness 1'5 to 2; very sectile; specific
gravity 1-528; taste saline and pungent; sublimes when
heated ; soluble in