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PREFACE.

. 'TaE subjects of Mineralogy and Geology have but re-
cently received any considerable degree of attention in this
country. Even at the present time, these interesting studies,
and often profitable pursuits, are confined to a number com-
paratively small.—It is, however, undoubtedly true, that the
, ias been much retarded by the want
‘ ming acquainted with the elements

in mineralogical pursuits, perceive
ry or elementary treatise in the En-
‘too brief, nor loo much extended,
y important for all persons, whilp
eralogy and geology. Indeed, be-
is convenient for those, who, while
o'devote an occasional attention tp
:w either to increase their knowl-
usness of the journey,
which is so obviously wanted, or, in
suitable elementary work on mine-
n undertaking, attended with some
'se difficulties arise from the nature
‘he diversity of opinigns, which al-.
ready exist on these subjects.—It is, therefore, proper for
the writer here to state his general views and plan.

Minerals may be divided into species and arranged ac-
.cording to their external characters alone, or according to
* their true composition, as far as that is known. Hence have
arisen two, distinct, mineralogical schools ; viz. the German,
which regards Professer WERNER, of Freyberg, in Saxony,

N
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as its founder—and the French, which looks chiefly tv the
Abbe Havuvy, as its author. .

In the system of Werner, mincrals are divided into spe-
cies and arranged, according to the external characters. In
the system of Haiiy, the true composition of minerals is con-
sidered the basis of arrangement, although the crystalline
characters are, infact, principally employed—with the belief,
however, that arrangements, founded on the crystalline char-
acters and true composition, are never at variance. In the
descriplion of minerals, Werner depends almost entirely on
an accurate enumeration of all the external characters.
Haiiy, on the other hand, employs only the most important
of the external and chemical characters, relying chiefly,
however, on the crystalline form and structurc, where these
can be observed.—Hence it results, that, in many cases,
Werner attaches to certain differences of external character
a degree of importance, which Haiiy does not admit ;—hence
‘also the number of species, in the arrangement of Werner,
is much greater than in that of Haiiy.

It has already been remarked, that minerals may be di-
vided into species and arranged according to their external
characters, or according to their chemical or true composi-
ion, as far as that is known. It is, in fact, these two meth-
ods, which, in comparisan, ought o be opposed to each
other. The crystallographical method of Haily is only a
modification of the chemical method, whicht acknowledges
as its basis ; but it can never be of universal applicatiof,
for some minerals are destitute both of crystalline structure
and form.

In regard to the systematic works on mineralogy, which
have proceeded from the German and French schools, they
undoubtedly possess peculiar excellencies, with some peculiar
defects intermixed. The German school seens to be most
distinguished by a technical and minwlely descriptive language ;
-and the French, by the use of accwrate and sciendific princi
ples in the classification or arrangement of sincrals,
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Many of the writers of the two schools appear to have
‘induiged an undue attachment to their favorite and peculiar
system, and have hereby heen prevented from receiving mu-
tual benefit ; the ope being upwilling to adopt what is really
excellent in the other.—But it is believed, that the more val-
uable parts of the two systems may be incorporated, or, in
other words, that the peculiar, descriptive language of. the
ene may, in a certain degree, be united to the aceurate and
gcientific arrangement of the other.

This union of descriptive language and scicntific arrange-
ment has been effected with good success by BRoNGNIART in
his system of mineralogy—an elementary weork, which seems
better adapted both to interest and instruct, than any, which
bas hitherto appeared. The author of this volume has,
therefore, adopted the general plan of Brongniart, the mora,
important parts of whose work are, of course, incorporated
with this. g

. It is respectfully requested by the writer, that those per-
sons, who, like himself, may have received their first ideas
on mineralogical subjects from the writers of the German
school, would carefully‘and candidly examine Chap. iii of
the Introduction en the systematic arrangement of minerals ;
and that they would particularly attend to the distinction,
which is made in Articles 176, 197, aud 198 of the same In-
troduction, befieen those properties of minerals, which may
be used as th is of arrangement, and those, which may
be safely employed in description only.

In the Introduction, all the external characters of mine-
rals are enumerated, and accompanied, when necessary, by
explanatory remarks. Yhe very intercsting and important
subject of crystallography is also éxplained with as much
minuteness, as is consistent with the nature of an elementary
work. .

But, as the limits, assigned te this volume, would not.
permit a particular notice of all the secondary forms of crys-
tals, I have endeavored to give thoso genecral views of the
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* primitive form and structure ‘of the crystals under each spe«
cies, which may enable the student to refer the various sec-
ondary forms to their proper nucleus. In addition to this,
the most common secondary forms, and sometimes those,
which are most rare, or most complex in their structure, are
particularly described, and often explained by the assistance
of diagrams.—It is extremely important to pessess correcty
general ideas of the form and structure of the perfect crystals
of each species ; for, without such knowledge, it would often
"be impossible to recognise those forms, which are incomplete,
or irregular in regard to the number or extent of their faces,
&c.

In the list of Localities, subjoined to each species, I have
intermixed brief, geological notices, whenever it was practi-
cable.—Of foreign localities some of the most important only
are selected.

In regard to JAmerican localities, several difficulties hawe
attended this first attempt to collect them ; and, although-
have many acknowledgments to make to those mineralogists,
who have kindly assisted me in the collection, the list is still
incomplete. But I have reason to place great confidence in
the accuracy of those, which are given ; Yor most of them
have been furnished expressly for this volume. Bruce’s
Mineralogical Journal, v. { ; a paper by S. Godon in the
Memoirs of the American Academy, v. iii ; giad another by
Dr. Adam Seybert, of Philadelphia, in the Medical Museum,
v. v. are almost the only printed authorities, which I have
employed,

Among those gentlemen, to whom I am under obligations
for lists of localities and geological notices, not before pubs
lished, are Drs. H. H. Hayden and E. Debutts, and R. Gil-
mor, esq. of Baltimore—Messrs. C. I. Wister and S. W.
Conrad, of Philadelphia—Prof. Bruce and Col. G. Gibbs
of New York—Professor Hall, of Middlebury College,
¥t.—and Professor Silliman, of Yale Collége, Connecticut.
These authorities are generally cited, when used.—To Dr.
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Hayden and Professor Silliman I am under peculiar obliga-
tions.

The names of the specits) subspecies, and varieties are,
in most cases, accompanied by noles, containing the synony-
ma of Werner, Haily, Kirwan, Jameson, Brochant, and
Brongniart. Wherever the German names of Werner dit-
fer from those, found in Jameson’s Mineralogy, they are cop~
ied from the Tableau comparatif, &c. of Haiiy, who fook
them from a late edition of Karsten’s Mineralogical Method,
It should be remarked, that, when synonyma from any of the
aforementioncd authors are wanting in a note, it is not to_be
inferred, that those authora have not mentioned that particu-
lar mineral.

In preparing this volume, thé author has made indiscrim-
inate use of whatever appeared to him most important in the
more recent systematic works on mineralogy ; among which
are those of Kirwan, Haiiy, Brochant, Jameson, Lucas, and
Brongniart. The titles and editions of these works have al-
ready been mentioned, p. iv. The foregoing authors are sel-
dom cited, except-in regard o some facts, which are uncom-
mon, or whose existence, as universal facts, is still doubtful,
~—Whenever the Tableau comparatif of Haiiy differs from his
Traité de Minéralogie, in consequence of additions, corroc-
tions in the measure of angles; &c. &c. the Tableau has been
uniformly cmylayed. Hence, in most cascs, where the name
of Haiiy is annexed to- an assertion, the reference is to the
Tableau comparatif.

The works of Humboldt, Spallanzani, and other modern
travellers, various Reviews, and literary Journals have also
furnished something toward this volume. In many cascs,
however, to abridge as much as possiblc, I have barely men-

- tioned the author’s name, without the title of his work, al-
though I am sensible, that some inconvenicnce attends this
practice. v

Some authors, whose works I have not seen, are cited

on the authority of Brengniart, Edinburgh Review &c. The
b
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analyses of Kirwan are, in general, those, which were pah-
Jished in Nicholson's Journal.

To pursue, with pleasure and advantage, the studies of
mineralogy and geology, some previous knowledge of natur-
al philosophy and conchology is important ; but an acquaint.
ance with the general principles and nomenclature of chemis-
fry is a necessary prerequisite.

This preliminary knowledge of chemistry is, indeed, easi.
ly attainable ; but, for the convenience. of those, to whom the
nomenclature of chemistry may not be familiar, a vocabulary
of chemical terms is subjoined to this volume. :

It will be seen by the reader, that the United States have
furnished not only some new varieties, belonging to species
already known, but also a few species of minerals entirely
new, The rocks of this country seem also to offer some ag-
gregates, not heretofore named or described. '

An acquaintance with simple minerals, or with Mineral.
ogy in the more limited sense of this word, is a necessary
prerequisite, to the study of Geology. To the student, theres
fore, who has acquired this preliminary knowledge only, we
may apply the lively remark -of Haily in the Preliminary
Discourse of his Mineralogy ;—* il n’a pas encore vu la na-
ture, mais il a recy des yeux pour la voir,’

—a. = A
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INTRODUCTION

THE STUDY OF MINERALOGY.

CHAPTER 1.
DEFEINITIONS AND PRELIMINARY OBSERVATIONS.

1. T'ue extensive field and the numerous objects, which Nataral
History presents for our obaervation, render systematic arrangement
and division of labor abselutely necessary. By these means each in-
dividual is enabled to direct his attention to some particular class of
bodies, with advantage to himself and the public ; and to pursue his
favorite path in natural science without that confusion and perplezxity,
which the multiplicity of objects would otherwise produce.

2. Natural bodies may with great propnety be divided into two
extensive classes ; organic and inorganic.

s. Orgamc bodies'bave a petuliar structure, which eonsnsts in the
possession of certain organs, on the proper action of which they de-
pend for increase and perfection. This class embraces animals and
vegetables; the former of which is distinguished from the latter by
possessing the power of voluntary motion.

4, Inorganic bodies, on the contrary, possess neither life, nor the
power of voluntary motion; they are entirely destitute of organic
structure, and suffer change from the influence of external agents on-
ly. 1In this class we find minerals,and adopt the following definition.
- 5. Minérals are those bodies, which are destitate of organization,
and which naturally exist within the earth, or at its surface.®

6. Mineralogy is that science, which has for its object a knowl-
edge of the properties and relations of minerals, and enables us tp
distinguish, arrange, and describe them.

7. The writers of the Wernerian school usually divide mineralogy
into the following five branches.

® The term foesil is usually appropriated to those organic substances, which
have become penetrated by earthy or metallic particles; thus we say fossil
shells, fossil bones, fossil wood, &c. Sometimes however the alteration, which
these bodies have findergone in the mineral kingdom, is very slight. But the
consideration of fossils belor;gs more particularly to geology. -
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Oryctoguosy (sgvxres yrwes), which consists in the description of
minerals, the determination of their nomenclature, and the systemat-
ic arrangement of their different species. It coincides very nearly
with mineralogy in its modern acceptation.

Chemical mineralogy, which describes the chemical properties, and
ascertains the constituent parts of minerals,

Geognosy (vm ywois), which investigates the structure, position,

and relative situation of minerals, as they exist in the earth ; and in-
deed every thing, which regards the mmeraloglcal constitution of the
crust of this globe.
. Geographical mineralogy, which mforms us what minerals are
found in any particular section of the globe,and in what manner they
there exist. It bears the same relation to a portion of the earth, that
geognosy does to the whole. '

Economical mineralogy, which considers minerals with reference
to their various uses in the args, medicine, &c.

The two branches, which hawe just been defined under the names
of oryctognosy and geognosy, involve some important distinctions,
and require further elucidation. But the names themselves, having
been unnecessarily introduced into the English language from Ger-
man writers, will, in this treatise, yleld precedence to the terms Min-
eralogy and Geology.

8. The distinction between the two branches, of which we have
just spoken, is intimately connected with a division of minerals into
two kinds ; simnple or homogeneous, and compound or heterogeneous.
'The words simple and compound do not here relate to chemical com-
position, but merely to the different appearances, which these two
classes of minerals respectively exhibit to the eye.

9. Simple minerals appear uniform and homogeneous in all their
parts. They do in fact usually contain several different elementary
principles ; but these are so intimately combined and similarly blend-
ed in every part, as to exhibit the aforementioned uniformity of ap-
pearance.

10. Compound minerals, on the other hand, mote or less evidently
discover to the eye, that they are composed of two or more simple min-
erals, which either merely adhere to each other ; or, as is sometimes
the case, one appearsimbedded in the other. Lompound minerals are
frequently called aggregates or rocks.

11. Now it is the simple minerals only, with which mineralogy, in
the present acceptation of this term, is concerned. It is only this
portion of minerals, which it undertakes to describe and arrange. The
description of compound minerals or aggregates, including their mu-
tual relations, &c. constitutes the science of geology.
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12. We shall conclude this chapter with a few observations on the
¢onnexion of mineralogy with other sciences; its rank,asadistinctbranch
of science; and the utility of mineralogical and geological researches.

13. It is not unfrequently necessary to call in the umted aid of -
philosophy, chemistry, and mineralogy to obtain a complete investi-
gation of the properties of a single mineral. In the, examination of
the same body they differ from each other by observing that body from
different points of view, and by taking cognizance respectively of dif-
ferent sets of properties. The two last .of these sciences, however,
are the most intimately connected. '

It is but a few years since mineralogy could with any propriety
claim the rank of a science ; and for qhis claim she is principally in-
debted to the discoveries of chemistry. But, as if elated by her own
rapid progress, she has, in several fhstances, refused to acknowledge
the assistance, derived from chemistry. The truth is, both sciences
necessarily concur to furnish us with ghe ‘Ulowledge and description
of minerals. - - ' :

A chemist may ascertain the ingredierffs, which enter into the
composition of a given mineral ; but he cannot inform us what he has
antfPred, nor describe the subject of his experiments, without the as-
sistance of mineralogy. Onghe other hand,a mineralogist may detail
every external character of "a mineral ; “he may give it a name, and
describe some of its relations to other minerals ; but he cannot inform
us what it contains, nor indeed designate some of its most essential
and important characters without the aid of chemistry. Their con-
nexion will more strikingly appear in a subsequent chapter on the
classification of minerals. ‘

1t is further to be remarked, that no inconsiderable share of chem-
ical knowledge is a necessary prerequisite to render mineralogical
pursuits either pleasant or ailvantageous.

14. From a superficial view of minerals in their natural deposito-
ries, at or near the surface of the earth, it would hardly be expected,
that they could constitute the object of a distinct branch of sciencé.
Nothing appears further removed from the influence of established
principles and regular arrangement, than the mineral kingdom, when
observed in a cursory manner. But a closer inspection and more
comprehensive view of the subject will convince us, that this por.
tion of the works of nature is by no meaus destitute of the impress
of the Deity. Indications of the same wisdom, power, and benevo-
lence, which appear in the animal and vegetable kingdoms, are also
clearly discernible in the mineral.

Tobe convinced, that the mineral kingdom affords suitable objecta
for scientific research, we need but glance our eyes on those singular
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properties of phosphorescente, electricity, magnetism, and double re-
fraction, which some minerals possess, and more especially on that
striking modification of the laws of affinjty, which results in the pro-
duction of those regular, beautiful, geometrical selids, called crystals.

But whatever progress may hitherto have been made in mineralo-
gical pursuits, every new advance has opened a wider and more in-
teresting prospect. The science is still in its infancy, and in many
of its paths'can proceed only with a faltering and uncertain step.

15. The general view of mineralogy, which we have already given,
will offer to the minds of many sufficient inducements to the cultiva.
tion of this branch of knowledge. It may also be remarked, that sev-
eral arts and manufactures dephd on mineralogy for their existence
and that improvements and discoveries in the latter cannot fail of ex.
tending their benefichl effects t the aforementioned employments.
In fine the study of mineralogy, whether it be viewed as tending te
increase individual wealthgto $mprove and multiply arts and manu-
factures, and thus promate the plg: good ; or as affording a pleasant
subject for scientific reScarch, recommends itself to the attention of
the citizen and scholar.

] ©
CHAPTER .
PROPERTIES OF MINERALS,

16. Tuk description of minerals and their arrangement in system<
atic order must result from an investigation of their properties. These
properties consist in certain relations, which minerals bear to our
senses, or to other objects. Some of ghem are discoverable by mere
inspection, or, at most, require som&®mple experiment to be made
upon the mineral to ascertain its hardness, structure, &c. but without
producing any important change in its natural state ; while others can-
not be observed without a partial, or complete decomposition of the
mineral. All these properties, when employed for the purpose of dis-
criminating minerals, are usually called characters. We hence have
a twofold division of the properties or characters of minerals into phy-
sical and chemical. Of the various characters, which these two di-
visions comprehend, the most important will be described in the pres-

ent chapter. -
SECTION 1.

Crystallography.

17. Of the physical properties of minerals no one is so important
in itself, and extensive in its influence and application, as that, by
which crystals or regular solids are produced. To investigate and
describe these solids is the object of crystallography, and constitutes
without doubt the most interesting branch of mineralogical research.
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Crystallization and Crystals.

18. Crystallization, in the most limited extent of the term, is that
process, by which the particles of bodies unite in such manner, as to
produce determinate and regular solids. But it is equally true, that
those minerals, which possess a foliated or fibrous structure, are the
products of crystallization under circumstances, which have rendered
the process more or less imperfect, and prevented the appearance of
distinct and regular forms.

Let a quantity of muriate of soda (common salt) be dissolved in
water, and permit the solution to evaporate by a moderate heat 5 the
particles of the salt will separate from the water, unite, and form lit-
tle cubes, which float on the surface, till theit increased weight causes
them to fall through the liquid. These cubes ayg called crystals. Oth-
er substances, when permitted to crystallize, also exhibit regular sol-
ids, but of a different form. Thus the qgerald presents the form of a
hexaodral prism, and the garntt thajgpfl a dpdecaedron with rhombic
faces. .

19. The ancients believed crystallized quartz. (rock crystal) to be
water, congealed by exposure to intense cold ; and accordingly appli-
ed to it the term xgverarros, which signified ice. Hence the etymol-
ogy of the word crystal. Now,as a beautiful regularity of form is one
of the most striking properties of crystallized quartz, the name crys-
tal has been extended to all mineral and other inorganic substances,
which exhibit themselves-under the form of regular, geometrical solids.

20. A crystal may therefore be defined an inorganic body, which,
by the operation of affinity, iigg assumed the form of a vegular solid,
terminated by a certain number of plane and polished faces. The cor-
responding faces of all crystals, which possess the same variety of
form aud belong to the same substance, are inclined to each other in
angles of a constant quantity. This constancy of angles remains even
in those cases, where the faces themselves, from some accidental caus-
es, have changed their dimenfions or number of sides. Transparen-
¢y, though many crystals possess it in a greater er less degree, is not
a necessary property. But plane surfaces,bounded by right lines, are
90 essential to the crystalline form, that their absence decidedly indi-
cates imperfection in the process of crystallization. The lustre and
smnoothness of the faces may also be diminished by accidental causes.

21. The property of crystallizing is by no means confined to a
pmall number of bodies. Nearly all the different species of simple
minerals, and some inorganic bodies of vegetable and even animal or-
igin, such as sugar, camphor, and spermaceti have been seen in a crys-
tallized state. Most of the aforementioned substances are also capa~
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ble of exhibiting a variety of forms. It is exceedingly probable, that
many other natural bodies, not hitherto observed in the state of crystals,
would, under favorable circumstances, undergo a similar process.

22. The limits, prescribed to this introduction, will not permit many
remarks on crystallization, as a chemical process. It will be recol-
lected, that affinity is of two kinds, homogeneous and heterogeneous ;
the former of which unites particles of the same kind ; the latter, par-
ticles of different kinds. Now it is evident, that the production of &
erystal essentially depends on the action of homogeneous affinity.

Solution in some fluid, as water or caloric, is.a necessary prere-
quisite to crystallization. By solution the particles of the body to be
crystallized are reduced to a state of minute division, separated from
each other, and permitted to move in the solvent with perfect freedom.
As solution takes plage by the action of heterogeneous affinity, it is
evident, that so long, as this continues to act with undiminished force
on the particles of the diggelved body, no crystallization can be ef-
fected. It is therefore ngcessagy to diminish the force of heterogene-
ous affinity, and cause the dissolved particles to approach each other,
still permitting them to move freely and moderately among themsélves.
This may sometimes be effected by simple cooling, as in the case of
metals; but to crystallize other substances, as most of the salts, slow
evaporation and subsequent cooling are necessary.

It is obvious from the preceding remarks, that, to produce perfect
crystals, the solvent should be free from external agitation, and suffi-
cient in quantity to permit the particles to move, and to arrange them-
‘selves in the requisite order without disturbance. But, when these
conditions are not complied with, an imp#rfect crystal, or only a fibrous
or foliated mass is produced. Indeed from the frequent absence of
some of the requisite conditions, large and perfect crystals are some-
what uncommon. The effects of a disturbed crystallization will be
subsequently noticed.

28. It is evident, that the geometrical forms, which crystals ex-

 hibit, must depend on regularity of formt in the particles, which com-
pose these crystals, and on a determinate arrangement of these parti-
cles, at the moment of combination. The particles, of which we now
speak, and which are undoubtedly the same, into which the body is
reduced by solution, are called infegrant particles. But we know
that mere eolution does not-produce decomposition. Hence there are
in bodies two kinds of particles; integrant and elementary.

24. Integrant particles are the smallest particles, into which a bo-
dy can be reduced without destroying its nature ; that is, without de-
composing it.

25, Elementary or constituent particles are the final results of
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chemical analysis. They are the elements, of which integrant parti-
cles are composed. ‘Thus, while the latter remain invariable in the
same body, the elementary particles must vary with the progress of
chemistry. . '

Let a portion of the natural compound of sulphur and iron, called
sulphuret of iron or pyrites, be as minutely divided, as is possible,

" without producing decomposition, and we shall. obtain the integrant
particles ; each particle, although invisible and excessively small, will
be perfectly similar in its composition to the original mass, and will
be really a portion of pyrites. Bat, if the same mass of sulphuret of
iron be decomposed, we shall have its elementary parhcles, consisting
of sulphur and iren. Possibly the sulphur and iron may both prove
to be compounds ; but this will not affect the integrant particles of
sulphuret of iron.

In bodies really simple the integrant and elementary particles are
evidently the same. It is also undoubtedly true, that the elementary
]nrticles of bodies must possess a regulariy of form, which is con-
stant in the same simple substance.

26. From the preceding observations it must be obvious, that a
mineral is an assemblage of similar particles ; and that it is formed,
and increases in size merely by the juxtaposition of these similar, in-
tegrant particles. It depends on no interior mechanism, like organic
bodies, for its growth ; but is enlarged in its dimensions by the appli-
eation of successive layers of particles.

27. Both theory and observation induce us to believe, that the in-
tegrant particles of the same substance possess the same form and
dimensions. Now it is obvious, that, if these similar particles always
combined in the same manner, all the crystals of any given substance
would exhibit the same form. This however is far from being the
case. It is true, indeed, there are many bodies, whieh have a deter-
minate form, under which each of them most frequently appears.
Thus muriate of soda usually presents a cube ; the emerald, a hexae-
dral prism.

28. But the same species of mmerala often presents itself under
very different forms, equally regular and well defined. Sulphuret of
lead (galena) appears at one time in the form of a cube, at another in
that of an octaedron. Carbonate of lime can exhibit a rhomb, a hex-
aedral prism, and a dodecaedron with triangular or pentagonal faces.
Indeed most bodies have several different forms, under which they
eccasionally appear.

29. Frequently the different sohds, which the same substance pro-
duces, have no apparent resemblance. But, as all the particles of
the eame substance have the same form, it is undeniable, that this
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striking difference of form, observable in the crystals of any ane sub-
stance, must depend entirely on a difference of erramgement ‘in
the integrant particles. Thus the cubic particles of the sulphuret
of iron can so arrange themselves, as to produce sometimes a cube,
sometimes an octaedron, and sometimes a solid, contained under
twenty triangular faces.

80. Again, different substances sometimes crystallize under the
same form. Fluate of lime, muriate of soda, and the sulphwrets of
iron and lead all occasionally appear in cubes.

But, notwithstandipg this variety and apparent confusion, every
thing is regulated by established laws. The different crystalline forms
which any one substance is permitted to assume, are limited to a cer-
tain number ; and the most dissimilar varieties, belonging to the same
substance, do in a certain sense originate from one common point,
which is the primitive form.

» 81. In illustrating the theory of crystallization, it will be necessa-
ry to describe the primitive forms of crystals and the methods of ob-
ttining them; to ascertain the forms of integrant particles; to show
in what manner secondary forms are constructed on the pnmmve,
and to mvestlgate the laws of their formation.

Primitive forms.

82. Every substance, when crystallized, has a particular form,
which it actually exhibits, or on which, as a basis, all the other varie-
ties of existing forms, which belong to that substance, depend. Thus,
if we examine the various crystals of the carbonate of lime, we shall
find them either in the form of a rhomb, under given angles constant-
1y the same, or containing within them a similar rhomb, as a nucleus.
‘This rhomb may he extracted from the crystal, which contains it, by

. a certain operation, and is called the primitive form of the crystals
of carbonate of lime. All the other forms, which this substance pre-
gents, are called secondary forms.

83. It is on the primitive, as a substratum, that the various sec-
ondary forms are constructed by different arrangements of the inte-
grant particles. Sometimes the primitive form is entirely cencealed
within- the secondary, while, in other cases, some of its original faces
are still visible ; but its angles, edges, or bases are modified by.addi-
tional faces.

84. The primitive form is found to be invariable, and to give a
constant measure of its angles in all the crystals of the same substance.
Thus all the secondary forms of the garnet are reducible to a dode-
caedron, whose sides are rhombs, inclined to each other at an angle
of 120°, whieh is its primitive form. If the fluate of lime do nat pre-
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sent a regular octaedron, whatever form it actually exhibits may be
reduced to an octaedron, for that is its primitive form.

The same nucleus is often extracted from secondary forms, which
differ exceedingly from the primitive and from each other. Of the
truth of this remark the crystals of carbonate of lime furnish striking
instances. Some substances are almost always found under some one
of their secondary forms, and seldomn or never exhibit their primitive,
as a natural crystal. ’

Nature of .mechanical Division.

85. The primitive forms of crystals can be ascertained only by
mechanical division. This process,sometimes called cleavage by lap-
idaries, consists in separating thin layers or slices from the sides,
edges, ‘or angles of a crystallized substance in a given direction.
Many crystallized substances are very obviously composed of thin
plates or laminz, which by careful operation may be separated from
each other, without presenting the appearance of a fracture. The
planes,in which these laminz are applied to each other, are called the
natural joints of a crystal or crystallized mass. It is at these joints
only, in the direction of the laminze, that mechanical division can be
effected. ‘ ‘

In some minerals the natural joints are very obvious, while in oth-
ers they are nearly or quite imperceptible; even in the same crystal
the joints in one direction are often much more easily perceived, than
in another. In examining many crystals it is necessary to employ
the bright light of a candle, by the refllection of which from the faces
of the laminee the direction of the joints may be discovered.

86. This division is best effected by applying a thin, sharp instru-
ment of steel to the natural joints of the mineral, and causing it to
enter by a very delicate percussion. Sometimes, indeed, a gentle
and well directed percussion is sufficient without an instrument of
steel, especially when an edge or solid angle is to be removed. But,
in other cases, it is necessary to heat the mineral red hot, and plunge
it into cold water, which produces fissures in the direction of the
natural joints,

87. The faces of the crystal or nucleus, obtained by mechanical
division, as well as those of the separated lamine, are plane and
smooth, possessing a greater or less degree of polish; and are thus
easily distinguished from the surfaces, which a common fracture pro-
duces, and which never exhibit all the aforementioned properties.

88. Many crystals are not susceptible of this kind of dissection
This frequently arises from too great brittleness ; sometimes from oth-
er causes, but in no instance from any thing, which appears incon-

o

-
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sistent with the general theory of the structure of crystals. But,
when the primitive form cannot be obtained by mechanical division,
it may often be inferred with considerable probability from the se-
condary forms by calculation. The striee or channels, sometimes ob-
served on crystals, may often assist in the deterfoination of the prim-

* itive forms.

38. The nature of mechanical division will be best illustrated by
an example.

Letabcdefgh(PLIfig. 1.) be a hexaedral prism ofcarbonate
of lime. Let a knife be applied to one of the sides of the prism, sup-
pose t u f g, in the direction of the line s r, not far from the edge ¢ u,
and parallel to it; let the knife be so inclined, as to make an angle
of 45° with the face of the crystal. By gentle blows with a hammer
a segment will be separated from this edge of the crystal, leaving on
the prism a smooth, polished, trapezoidl.l face m v r s, inclined both
to the base and the side of the prism in an angle of 135°, If a sim-
ilar attempt be made on the next edge u d, it will not succeed ; either
no impression will be made on the crystal, or a mere fracture wﬂl be
produced.

Proceed to the third edge d ¢, and from this may be removed a

- segment altogether similar to the one removed from the edge £ u ; the

trapezoidal face, remaining on the crystal, will be equally smooth, and
inclined both to the base and side of the prism in the same angle of
135°  Pass to the fourth edge c b, which is parallel to the first edge
t u, but no separation can be effected. Apply the instrument, as be-
fore directed, to the fifth edge b a, parallel to u d, and here another
segment is obtained, leaving a smooth surface, Attempt a division
on the sixth edge @ ¢, and nothing but a fracture will be produced.

Proceed now to the other end of the prism. Let the first attempt
be made to remove the edge g f, parallel to the edge ¢ , first operat-
ed upon at the other extremity of the prism. Nothing can be here
obtained, but a fracture. Repeat the attempt on-the next edge fe,
parallel to the edge u d, which, at the other extrémity, refused to be
separated A trapezoidal face i L o p, entirely similar to the preced-
ing faces, obtained by division, will here be produced. Pass round
the prism ; the alternate edges n y and h g will submit to a division,
while the other edges e n and y & will be found refractory.

From an examination of the prism, thus far dissected, it appears,
that only the alternate edges at each end yield to a division; viz.

_ the first, third, and fifth" edges, at one extremity, and the secend,

fourth, and sixth edges, at the other extremity, counting from the side,
whose edge was first separated. It further appears, that the edges,
which, at one end of the prism, are capable of being removed by me-
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chanical division, correspond to those, which, at the other end, prove
refractory. The section i o p is parallel to the section, supposed to
be made on the edge a b; and the four remaining sections are also
parallel, taken two and two.

Mechanical division, thus far effected, has converted the prism in-
to a solid, contained under fourteen faces.. The remainder of each
side of the prism is a pentagon ; the remaining surface of each base is
a triangle; and, by the removal of the edges, six new trapezoidal

“faces are produced.

Let the division be continued by sections, parallel to those already
made. It is evident, that the bases of the prism must gradually di-
minish, till they entirely disappear, and a new solid (Pl I, fig. 2.) is
obtained. This solid is a dodecaedron, eshihiting twelve pentagonal
faces. Six of these faces, of which s i O w is one, are remaining
portions of the original sides of the prism ; and the other six, of which
AIr sEis one, have resulted from the division.

Continue the removal of laminz from the crystal in directions
parallel to the preceding. The six pentagons, which, in the last fig-
ure, terminated the solid, remain the same ; but the lateral penta-
gons gradually diminish in length, till they are converted into tri-
angles. The solid is still a dodecaedron (Pl I, fig. 3.), but it is now
bounded by six pentagons and six triangles ; see the faces A 17 s E,
&ec. and s r O, &e.

One step more will close the process. Continue to separate lay-
ers from the crystal, as before, till the six lateral triangles vanish.
No part of the surface of the original solid is now visible. Instead of
a prism, we have a Thomb A B E K (Pl. 1, fig. 4.), bounded by six
equal and plane rhombs. This rhomb is the primitive form of crystal.
lized carbonate of lime.  All the other varieties of form, belonging to
this substance, though exceedingly numerons and differeut from each
other, yield, by mechanical division, a nucleus, perfectly similar to
the preceding, both in form and the measure of its angles.*

39 In the same manner, if the eight solid angles a ¢ d b, &c. (Pl
I, fig. 5.) of a cubic crystal of fluate of lime be removed by a knife,
placed parallel to the diagonals of the faces, and inclined at an angle

* The reader will find the preceding example of mechanical division
strikingly illustrated, by preparing a six-sided prism of soft wood, or, what is
still better, of a potatoe, and dividing it in the manner already described for ob-
taining a rhombic nueleus. Indeed the structure of crystals should always be
stadied with the assistance of models, some of which should be composed of
separable parts to illustrate the interior arrangement of the laminz. See
Traité de Minéralogie par le CtD. Huiiy ; also Elements of Crystallography,
after the method of Haliy, by Fredrick Jccum.
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of about 543°, the same number of polished, triangular faces, of which
e f g is one, will be produced. By continuing to remove laminse, par-
allel to the first section, the sides of the cube entirely disappears and
an octaedron e f g h (PL I, fig. 6.) with triangular faces is obtained,
as the primitive form,

40, The primitive form is always divisible in directions parallel to
all its sides, PBut such 3 division can only diminish its size ; it can
never chapge its foym, A ‘cube, however frequently divided by sec-
tions of equal laminee, parallel to its sides, would remain a cube.
Hence we have a good distinction between primitive and secondary
forms. The latter are never divisible in directions, parallel to all their
sides ; whereas primitive forms are always divisible in directions,
parallel to all their sides, and frequently also in other directions.

41. The number of primitive forms at present known is six; viz.
2 parallelopiped, including the cube, rhomb, and all other solids, con-
tained under six faces, which are parallel, when taken two and two;
p regular tetraedron ; an octgedron with triangular faces ; a regular
hexaedral prism ; a dodecaedron, whosé faces are rhombs ; and a do+
decaedron, whose faces are ispsceles triangles,

42. Were there as many differeat primitive forms, as there are dis-
tinct species of minerals, we should be enabled very easily to distin-
guish different substances by this character alone. Still however the
aforementioned six solids, by a variation in their angles, dimensions,
ic. are capable of furnishing a very considerable number of distinct,
primitive forms. Thas the rhomb may vary in its angles in different
species, as in the carbonate of lime and the tourmaline ; the two py-
- ramids, which/ compoge the octaedron, may vary in the shape of their
bases ; and in the prigmatic forms the base may be a square, rhomb,
fcc. and the ratio between the sides of the base and the height of the
prism may vary indefinitely.

48. Spme of the primitive forms, however, are common to several
different substances, Muriate of soda and the sulphurets of lead
and irop have a gube ; fluate of lime, the spinglle, diamond, and the
red oxide of copper, &c. have a regular octaedron.

Further it should be remembered, that the same form is sometlmeg
primitive in one substance and secondary in another. Thus the cube,
just mentioned as the primitive form of the sulphuret of lead, is one
of the secondary forms of the fluate of lime.

Forms of the integrant Particles.

44. Mechanical division is not limited to the discovery of primi.
tive forms only.  These forms are still capable of division, and the
ultimate result is the form of an integrant particle, 'We have already
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remarked (40), that the primitive form is always divisible in direc-
tions parallel to all its sides. But, if divided in this manner, icis
gvident its form would not be changed ; and could we reduce it so
minutely, that any further division would involve a decomposition in
substances not really simple, we should then have obtained an inte-
grant particle; but its form would be precisely the same, as that of
the primitive crystal.

45. But, if the primitive form be also divisible in any direction or
directions, not parallel to-any of its sides, it may evidently be resolv-
ed into solids, whose forms are different from that of the primitive.
"This is in fact the ease with some of the primitive forms. Take, for
example, the primitive form of the staurotide, which is a right prism
(PL 1, fig. 7.), whose basesa b cd and Imn o are rhombs. If this be
divided by a plane, passing through d b and o1, the shorter diagonals

-of the bases, we shall obtain two triangular prisms, which may be fur-
ther divided in directions, parallel to their sides, but in no other.
We must therefore conclude, that all the integrmt particles of the

staurotide possess the form of a triangular prism, '

46. Even in cases, where the primitive form permits no division,
except in directions parallel to its sides, the integrant particles will
sometimes be found to possess a form, unlike that of the primitive.

The phosphate of lime furnishes an example. Its primitive form is a-
vegular hexaedral prism. Leta bcd e f (Pl I, fig. 8.) be one of the
bases of this prism. If a division be made by removing lamine in di-
rections, parallel to the three alternate sides a b, ¢ d, e f only, the solid
will be reduced to a triangular prism g k i, which, being incapable of
-division, except in directions parallel to its sides, is the form of an in-
tegrant particle of the phosphate of lime. In the figure, the lines of
division are extended over the whole base, for the purpose of render-
ing it obvious to the eye, that the hexaedral prism is an aggregate of a
certain number of integrant particles in the form of triangular prisms.

47. Only three forms of integrant particles have hitherto been dis-
. povered. They are the three most simple, geometrical solids, viz.
a tetraedron ; a triangular prism ; and a parallelopiped, including all
solids of six sides, parallel two and two.

48. It is not to be understood, that integrant particles can be ac-
tually obtained by mechanical division. These particles are infinite-
ly small in reference to our senses ; we can neither perceive them,
nor even name their real magnitude. But it is certain, that, howev-
er small, they must have some form; and it is.belicved, that their
true form may be ascertained by the methods already described.

49. From these three forms of integrant particles proceed, by dif-
ferent modes of combination, the aforementioned six primitive forms
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of crystals (41). The preceding examples of the staurotide and
phosphate of lime show hew twe different forms, a right prism with
rhombic bases, and a regular hexaedral prism, may be composed of in-
tegrant particles, having the form of triangular prisms.

50. It has been already remarked (27), that all the integrant par-
ticles of the same substance undoubtedly possess the same form and
dimensions. Now, as integrant particles have but three forms, it
would seem, that the same form must be common to many different
substances. It is true, that, in some instances, different minerals
have integrant particles of precisely the same form in all respects.
Both muriate of soda and sulphuret of lead have a cube.

But it appears from the results of mechanical division, combined
with calculation, that, in a large number of the different species of
minerals, each species has integrant particles, whose form is peculiar
to itself. It may then be asked, how can it be said, that the number of
forms is only three. The varieties however, which these threeforms are
capable of producing, will be obvious, if we consider how many modi-
fications the angles of the same form may undergo, and the various
proportions, which may be made to exist between the dimensions of
different faces of solids, bearing the same name. Thus the rhomb
may yvary indefinitely in its angles ; the base of the four-sided prism
may be a square, or a rhomb, the latter of which may also exhibit &
great variety of angles; the base of the triangular prisin may be isos-
celes or equilateral 3 and the ratio between the sides of the base and
the height of the prism may serve to distinguish Parhclu, which is
other respects possess the same form.

51. This constancy of form in the integrant particles of the same
substance is a character of very considerable consequence in the ex-
amination of minerals. It often’ enables us to recognise a mineral,
which, by accidental causes, may have its usual characters very much
altered or disguised. For amidst the various coloring matters and
other accidental ingredients, which are often found in different indi-
viduals of the same substance, its integrant particles and the nucleus
of its crystals retain the same form.

Structure of secondary Forms.

~ 52. Having pointed out the method of analyzing crystals by me-
chanical division, we are now to examine their synthesis; or to in-
quire in what manner the integrant particles arrange themselves
around the nucleus to produce secondary forms. These forms may
be supposed to arise from the successive application of laminee of in-
tegrant particles to the faces of the primitive crystal. These laminee
form a decreasing series, beginning with the layer first applied to the
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nucleus ; and each succeeding layer is somewhat less in extent, than
that, which immediately precedes it. This decrement of the laminz
is produced by successively abstracting one range or more of inte-
grant particles from the sides or angles of each layer. These ab-
stractions may be made on all the sides at once, or on all the angles,
or only on some one or more of them.

The planes, in which these laminz of superposition are applied to
each other, are always parallel to the faces of the nucleus, and con-
stitute, as we have seen (33), the natural joints of the crystal. It
peems then, that the integrant particles first combine to produce the
primitive form, and are then s0 arranged around this nucleus, as to
produce the secondary forms.

. 53, It is important to remark, that even in those crystals, whose

integrant particles are tetraedroms or triangular prisms, these parti-
cles are so arranged in the interior of the crystal, that, if taken in

groups of two, four, six, or eight, they constitute parallelopipeds; so

that in fact in every secondary form, the decrements may be suppos-

ed to be effected by abstracting ranges of little parallelopipeds. Thus-
itis obvious (PL. I, fig. 8.), that any two contiguous triangles compose

a rhomb, which may be viewed as the base of a parallelopiped.

54. There are four kinds of decrements, sometimes called laws of
decrements.

Decrements on the edges ; in this case the ranges of particles are
abstracted from the edges of the laminz in directions, parallel to the
edges of the nucleus.

Decrements on the angles ; here the abstraction of particles is
made from the angles of the laminz, parallel to the diagonals of the
faces of the nucleus.

Intermediate decrements ; these are made parallel to hnel, inter-
mediate between the diagonals and edges of the nucleus. ‘

Mixed decrements ; these take place, when the number of
subtracted is greater than unity, and, at the same time, the height or
thickness of each layer is greater than the height or thickness of a
single integrant particle ; thus the decrement may be made by two
ranges of particles in breadth, and three ranges in height.

Of these four laws the firat and second are by far the most common.

55. The structure of secondary forms in best explained by one or
two examples. =

Let the cube abcol fg (PL I; fig. 9.) be the given nucleus, on
which a secondary form is to be constructed, according to the firstiaw
of decrement. Let this cube be composed of 4913 cubic particles. Each
face of the primitive,asa b ¢ o, will exhibit 289 of these small cubes, and
of course each side of this face will present 17 cubic particles. LetLy
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M, N,0,P,R,S, T (Pl I, fig. 10.) be laminz, compésed of cubic par-
ticles, each cube being equal to one of those, contained in the nucleus.
Each of these laminee is successively diminished by the abstraction of
one row of particles from all its sides; so that the number of parti-
cles, contained in each side, forms the decreasing series 15,13, 11,
9, 7, 5, 3, 1. In this series the common difference is two, be-
cause one range of particles is taken from each side of each lamina;
there will of course be eight laminee, the last being a single cube
only.

Let the lamina L (fig. 10.) be applied to the faceé a b ¢ o of the
primitive form (fig. 9.), so that the letters r, s, f, u, at the angles of this
lamina, shall correspond with the same letters on the face of the nu-
cleus. The sides of this lamina will be parallel to the edges ab, b ¢,
&c. of the cube ; but the lamina itself will evidently be less, than the
face, on which it is deposited, by one row of particles on each side.

In a similar manner let the other laminz be successively applied
ever each other, with their edges parallel to those of the first lamina.
This series of layers, terminating with a single cube, will evidently
form a four-sided pyramid a bc d (Pl. I, fig. 11.) with triangular faces.
By a similar process five other equal and similar pyramids may be
raised on the remaining five faces of the primitive cube. This will
give a solid, bounded by twenty four triangular faces. Now each of
these faces is equally inclined to the face of the nucleus, because the
rate of decrement is the same in all the pyramids. Consequently,
any two of these triangular faces, as d b c and e b c, helonging to two
contiguous pyramids, lie in the same plane; and, uniting at their
bases, form the rhomb bd ce. But, as there are twenty four triangu-
lar faces, thus united two and two, the secondary form will be a do-
decaedron, bounded by twelve rhombs.

It must also be obvious, that if the six solid angles d, e, h, &c. of .

the dodecaedron be removed by mechanical division, a cubic nucleus
will femain, .

56. In the crystal, which we have just constructed, it will be per-
eeived, that the decrements form re-entering angles, and the edges of
the laminz projecting angles, so that the sides of the pyramids do in
fact resemble the steps of a stair. But in the real crystal, which we
suppose to have the same structure, the faces appear perfectly plane
and smooth. This apparent difficulty however will instantly vanigh,
when we consider, that the real cubes, which compose the crystal, are
infinitely small in reference to our senses, and consequently the ab-
straction of one or two rows of particles is imperceptible. Hence
the smoothness and uniform appearance of the new faces.

The effects however of these decrements are not always invisible.
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It is not very uncommon to find the faces of secondary crystals, ex-
hibiting striee or little channels in the direction of the decrement, as
on some trapezoidal garnets. This circumstance, although arising from
imperfection in the process of crystallization, forms a striking proof
in favor,of the theory we are now illustrating, and sometimes may
.assist to determine the form and position of the nucleus. Some cau-
tion however is requisite in employing this character, for it is possi-
ble, that striee may appear on secondary forms in directions, which
do not correspond to those of the decrements, and indeed they may
sometimes be observed on the primitive form.

57. The new faces on this dodecaedron are usually somewhat less
brilliant, than those of the primitive cube. The reason of this will ap-
pear, when we reflect, that in the primitive we look directly upon the
Jaces of the integrant cubes ; whereas in the secondary form we view
the edges of the same cubes; for the fares of this dodecaedron are re-
ally composed of an infinite number of edges of lamifse.

58. When the process of crystallization ceases before this dode-
caedron is completed, the secondary form presents eighteen faces, of
which six are squares and parallel to the sides of the primitive cube,
and the remaining twelve are hexagons, parallel to the sides of the
secondary dodecaedron. Or the crystal may be described as a cube,
truncated on all its edges.

59. In the preceding example the rate of decrement was supposed
to be one réw of particles from the four sides of each of the succes-
sive laminee. But, instead of one row, there may be two, three, or
more rows of particles, subtracted from the sides of each layer. In
these cases it is evident the altitude of the pyramids would be dimin-
ished, and the several pairs of contiguous, triangular faces would not
lie in the same plane. The solid thus produced would consequently
have twenty four triangular faces.

60. The decrements, of which we have hitherto spoken, are sup-
* posed to affect only the breadth of the lamine, while their height or
thickness remains the same, that is, equal to the height of one of the in~
tegrant cubes. But there are cases also, in which the height or thick-
ness of each lamina of superposition may be equal to the height of
two or more ranges of particles, while the breadth is diminished by
one range only. The former of these is called a decrement in height ;
the latter, a decrement in breadth.

Sometimes these two decrements combine in the same crystal.
Sulphuret of iron exhibits a dodecaedron with pentagonal faces, de-
rived from a cubic nucleus by decrements both in height and breadth.
On.two- opposite sides of each pyramid the decrements are made by
two rows of particles in height and one row in breadth, and en the

3 ..
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striking difference of form, observable in the crystals of any one sub-
stance, must depend entirely on a difference of arramgement ‘in
the integrant particles. Thus the cubic particles of the sulphuret
of iron can so arrange themselves, as to produce sometimes a cube,
sometimes an octaedron, and somstimes a solid, contained under
twenty triangular faces,

80. Again, different substances sometimes crystallize under the
same form. Fluate of lime, muriate of soda, and the sulphurets of
iron and lead all occasionally appear in cubes.

But, notwithstandipg this variety and apparent confusion, every
thing is regulated by established laws. The different crystalline forms
which any one substance is permitted to assume, are limited to a cer-
tain number ; and the most digsimilar varieties, belonging to the same
substance, do in a certain sense originate from one common point,
which is the primitive form.

# 81 In illustrating the theory of crystallization, it will be necessa-
ry to describe the primitive forms of crystals and the methods of ob-
tlining them ; to ascertain the forms of integrant particles; to show
in what manner secondary forms are constructed on the pnmmve,
and to mvutlgate the laws of their formation.

Primitive forms.

82. Every substance, when crystallized, has a particular form,
which it actually exhibits, or on which, as a basis, all the other varie-
ties of existing forms, which belong to that substance, depend. Thus,
if we examine the various crystals of the carbonate of lime, we shall
find them either in the form of a rhomb, under given angles constant-
ly the same, or containing within them a similar rhomb, as a nucleus.
This rhomb may be extracted from the crystal, which contains it, by

. a certain operation, and is called the primitive form of the crystals
of carbonate of lime. All the other forms, which this substance pre-
sents, are called secondary forms.

83. It is on the primitive, as a substratum, that the various sec-
ondary forms are constructed by different arrangements of the inte-
grant particles. Sometimes the primitive form is entirely concealed
within- the secondary, while, in other cases, some of its original faces
are still visible ; but its angles, edges, or bases are modified by addi-
tional faces.

$4. The primitive form is found to be invariable, and to give a
constant measure of its angles in all the crystals of the same substance.
Thus all the secondary forms of the garnet are reducible to a dode-
caedron, whose sides are rhombs, inclined to each other at an angle
of 120°, which is its primitive form. If the fluate of lime do nat pre-
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sent a regular octaedron, whatever form it actually exhibits may be
reduced to an octaedron, for that is its primitive form.

The same nucleus is often extracted from secondary forms, which
differ exceedingly from the primitive and from each other. Of the
truth of this remark the crystals of carbonate of lime farnish striking
instances. Some substances are almost always found under some one
of their secondary forms, and seldom or never exhibit their primitive,
as a natural crystal. )

Nature of }nechanical Division.

$5. The primitive forms of crystals can be ascertained only by
mechanical division. This process, sometimes called cleavage by lap-
idaries, consists in separating thin layers or slices from the sides,
edges, ‘or angles of a crystallized substance in a given direction.
Many crystallized substances are very obviously composed of thin
plates or laminz, which by careful operation may be separated from
each other, without presenting the appearance of a fracture. The
planes, in which these laminz are applied to each other, are called the
natural joinis of a crystal or crystallized mass. It is at these joints
only, in the direction of the laminee, that mechanical division can be
effected. A

In some minerals the natural joints are very obvious, while in oth-
ers they are nearly or quite imperceptible; even in the same crystal
the joints in one direction are often much more easily perceived, than
in another. In examining many crystals it is necessary to employ
the bright light of a candle, by the reflection of which from the faces
of the laminee the direction of the joints may be discovered.

86. This division is best effected by applying a thin, sharp instru-
ment of steel to the natural joints of the mineral, and causing it to
enter by a very delicate percussion. Sometimes, indeed, a gentle
and well directed percussion is sufficient without an instrument of
steel, especially when an edge or solid angle is to be removed. But,
in other cases, it is necessary to heat the mineral red hot, and plunge
it into cold water, which produces fissures in the direction of the
natural joints.

87. The faces of the crystal or nucleus, obtained by mechanical
division, as well as those of the separated laminee, are plane and
smooth, possessing a greater or less degree of polish; and are thus
easily distinguished from the surfaces, which a common fracture pro-
duces, and which never exhibit all the aforementioned properties.

88. Many crystals are not susceptible of this kind of dissection
This frequently arises from too great brittleness ; sometimes from oth-
er causes, but in no instance from any thing, which appears incon-

Q
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65. To assign the causes of the preceding modifications, or even
of secondary forms in general, is, in the present state of our knowl-
edge, impossible. No doubt some of them may be found in the na-
ture of the solvent, and its various densities, &c. The presence of
foreign ingredients, or even an undue proportion of one of the prin-
ciples of the crystallizing body, may have considerable influence on
the arrangement of the particles. It is certain; however, that the
causes of a particular secondary form are often quite extensive. For
it is frequently the case, that seconda.ry crystals of any given sub-
stance, taken from the same vein or repository, or even from the same
< range of mountains, have the same form 3 while crystals of the same
substance, taken from another place, exhibit a secondary form of a dif-
ferent kind, but uniform in that particular repository.

66. We cannot indeed demonstrate that secondary forms are ac-
tually produced in the manner, which the theory supposes.* It is
however no inconsiderable argument in its favor, that all calculations,
founded on it, give results perfectly conformable to observed facts.
The quantity of an angle, obtained by calculation, is verified by ac-
tual measurement on the crystal. The theory can determine what
forms it is possible for the saine body to assume ; and of course ena-
bles us to say of any particular form, it does, or it does not belong to
a given substance ; or that this substance can or cannot assume a giv-
en form. We are hereby furnished with some 1mportant asgistance
in the discrimination of crystallized minerals, viz. an appeal to the
forms and structure of their crystals. In fine, this theory is in fact 8
very interesting application of the principles of geometry to the analy-
gis and synthesis of various solids. It shows us, that a crystalline
structure is to minerals in some degree what organization is to veget-
ables.

67. The theory, we have just considered, does indeed extend only
to the structure of the crystal, which is to be considered, as an ag-
gregate of similar particles, having a determinate arrangement; it
presumes not to explain the mode of formation.

It may however be remarked, that it is not necessary to suppose,
that the primitive form always reaches the size of that, which we ex-
tract by mechanical djvision, before the application of the laminz of
superposition. Indeed we find véry minute crystals equally perfect

* It can hardly be necessary to state, that mjineralogy is indebted to the
Abbé Haiiy, of Paris, for the system of crystallography here given; more es-
pecially for the actual discovery of primitive forms, the details, which relate
to secondary forms, and the application of this theory to a great proportion of
the crystals hitherto observed. Bergman and Rem¢ de Lisle had previously
drawn some of the outlines.
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in their structure with those of the same kind, that are larger. 1Is it
not then possible, that the secondary form may be often completed
soon after the commencement of crystallization, and afterwards in-
crease without chnnging its form ?

Goniometer.

68. Tt has already been remarked (20), that crystals, which possess
‘the same form, and belong to the same substance, give a constant
measure of their angles ; it is hence true, that crystals of the same
form, but belonging to different substances, may, in most instances,
be distinguished by the measure of their angles, which, though con-
stant in the same substance, is different in different substances, even
when possessing the same form. It must then be a matter of great
importance to ascertain with accuracy the quantity of any required
angle. The importance of such measurements will be more striking,
when we consider, that the same substance sometimes presents crys-
tals, which fall under the same general name, but which are produced
by different decrements, and differ in the measure of their angles, by
which alone, however, they must be discriminated. Thus the carbo-
nate of lime yields different secondary forms, which come under the
name of a rhomb. Indeed different forms sometimes so nearly re-
semble each other, that they can hardly be distinguished by the eye,
as in the case of a very obtuse rhomb and a cube.

69. This accurate measurement of crystals is, in a great degree, ef-
fected by a very simple instrument, called a goniometer (Cavia Mezpor),
and invented by M. Carangeau. Itconsists of abrass semicirclea b d
(PL 11, fig. 12, A.), graduated into 180° A thin plate of brass ex-
tends from d to a. The centre ¢ of this brass plate is made the cen-
tre of motion of two steel arms g d and k i, which, at the extremities
g and k, are reduced to a point, that they may more conveniently be
applicd to a crystal and, for the same reason, both arms are made
to slide on the pin, which confines them at the centre. By being
thus enabled to shorten the arms at pleasure, the inconvenience, aris-
ing from the gangue or adjoining crystals, may be avoided ; some-
times 'also the brass plate extends only from d to the centre, and the
quadrant a b is made to fold back occasionally, on bd, that it may not
interfere with adjoining crystals.

Now, if the two inner edges of the steel arms, near the points g
and k be carefully applied to the planes of two contiguous faces of a
erystal, the arms being held perpendicular to the edge, formed by
these two faces, we shall evidently obtain the angle, which the two
aforementioned faces make with each other ; for it is equal to its ver-
tical angle,and measured by the arc, contained between the two arms, ,

at_their extreinities Z and d. -
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The artos of the goniometer are sometimes distinct from the se-
micircle, as in Pl II, fig. 12, B. The measurement is effected in the
manner already described; and the arms are then applied to the se-

micircle to ascertain the angle. This mode is convenient in very

acute angles.

The goniometer, invented by Dr. Wollaston, appears to be capa-
ble of great accuracy in its measurements. It may be called an opti-
«al goniometer ; for the angle is detcrmined by rays of light, reflect-
ed from those two faces of the crystal, which contain the angle. It
consists of a vertical wheel or circle with a graduated circumnference.
The axis of this wheel is perforated in a horizontal direction, and
through this perforation passes a moveable axis, to which the crystal
is attached. When the position of the crystal is so adjusted by this
moveable axis, that one of the sides, containing the angle to be meas-
ured, reflects its light to the eye, the circle is turned, till the other
side is brought into the same position ; and hence the inclination of
these two faces is measured by the arc, through which the zero or in-
dex of the vertical circle has passed.

This goniometer must be peculiarly useful in cases, where the side
of the crystal, or the surface of the fracture is imperfect; for the most
wminute portions of those laminee, which are parallel to each other,
though not in the same plane, reflect the light at the same moment.

70. Hitherto in our remarks on crystallization we have supposed
the results to be perfect crystals. But the numerous and frequent
imperfections, which crystals exhibit, clearly indicate a very conside-
rable degree of disturbance in the process of their formation. This

disturbed crystallization is productive of various modifications in the
shapes of crystals, or even entirely prevents the appearance of the
crystalline form. Sometimes this disturbance manifests itself by giv-
ing an undue extension to some of the faces, while others are scarcely
perceptible ; so that the crystal sometimes appears to have been com-
pressed in certain directions. . Sometimes the edges are rounded and
the angles blunted 3 while, in other instances, the faces of the crystal
present a convex or concave surface.

In cases, where the crystalline form has entirely disappeared, a
Jfibrous or lamellar structure of the mass may still indicate, that the
‘mineral has been formed by a very disturbed crystallization. The
particular names, by which those crystallized substances, which pre-
sent no regular form, are designated, will be given in the section on
external characters, under the article imitative forms (105).

Description of Crystals.
71. For the purpose of describing and distinguishing minerals
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crystallography furnishes two kinde of characters. Oue is derived
from the actual forms of crystals ; the other from the internal struc-
ture, and may obviously be extended to laminated masses, not pas-
sessed of regular forms.

As the actual forms of well defined crystals furnish important
characters, we shall now attend to the modes of describing them.

72. Crystals may be described, either by the assistance of a dia-
gram, or by employing certain well defined terms, capable of convey-
ing an adequate idea of the solid intended. The use of a diagram is
attended with many obvious advantages. It enables us to refer with
ease to a particular angle or side. Indeed when the form is very
complex, mere description is tedious, even when sufficiently intelli-
gible ; whereas a figure conveys at once a correct, general idea of
the form of the crystal. In all cases, however, the exact quantity of
the most important angles should be, mentioned ; or of so many of
them, at least, as may be necessary to prevent mistake.*

73. If a crystal exhibit the form of any geometrical solid, known
by a particular name, as a cube, or a regular tetraedron, or octae-
dron, it is easily described ; it is sufficient to name it. But, when a
definite idea of the form of a crystal cannot thus be conveyed, some
other method must be employed. And probably no mode is attended

-by so many advantages, as that, in which a clear, short, and techni-
cal description of the form, including accurate measures of the most
important angles, is combined with a diagram. :

74. For accurate definitiona of the terms, now generally emplay-
ed in the description of crystals, mineralogists are much indebted to
the celebrated Werner. This mode of description is founded on cer-
tain assumed principles, and essentially consists in supposing the
crystal to possess what is called a predominant form ; and that this
predominant form has undergone certain alterations, till it has ac-
quired the actual form, intended to be described.t

* Some mineralogists designate the angles of crystals, as right, acute, or
obtuse, and qualify the two last by some general terms, expressive of the de-
gree of obliquity. But it appears from previous remarks (68), that this can
assist but little in discriminating forms, which much resemble each other.
"Two crystals may exhibit in certain parts very obtuse angles, and yet these an-
gles may uniformly differ by a certain quantity, insensible to the eye.

1 It is important to premise, that this method of describing the forms of
of crystals is, in general, entirely artificial; that the assumption of certain pre-
dominant forms has no relation whatever to the primitive form, or the manner,
in which crystals are actually formed; and that the alterations, supposed
tobe made in these predominant forms, are not real; for a crystal, viewed as
a whole, always increases during the period of its formation, whereas this



u DESORIPTION OF ORYSTALS. [Chap. 2.

By the predominant form of a crystal is intended that geometri-
cal form, to which the given crystal most approximates. Thus the
solid (Pl. II, fig. 13.) most resembles a cube ; but it has lost a segment
from each of its solid angles, and from each of its edges; or each
edge and each solid angle is said to be replaced by one face. The
solid (Pl. II, fig. 17.) most resembles a prism; but its extremities ex-
hibit pyramids. In the two preceding examples a cube and four-sid-
ed prism are respectively the predominant forms. The appearance
of a crystal may be still more removed from that of the predominant
form by further alterations. ) '

75. The number of predominant forms may be reduced to six; an
icosaedron with triangular faces ; a dodecaedron with pentagonal fa-

ces 3 a hexaedron, or solid with six equal faces ; a prism ; a pyramid ;5 .

and a table, by which is intended a very short prism. Iun describing
these solids and their various modifications, the faces, edges, and sol-
il angles must receive attention.

76. Many solids admit a distinction both of their faces and edges
into lateral and terminal. '

In crystals of a prismatic form the lateral faces are the sides of
the prism, as M, M (PL.II, fig. 14.); and the lateral edges are those
formed by the meeting of any two lateral faces, as the edge a b in the
same figure.

The terminal faces of prismatic crystals are their bases, some-
times called the upper and lower base, as P, P in fig. 14; and the
terminal edges surround the bases or terminal faces, as a ¢, c d in the
figure last mentioned.

If the crystal have a tabular form (Pl II, fig. 15.), P is a lateral
face, and a b a lateral edge. And in the same crystal M, M are ter-
minal faces, and ¢ d a terminal edge.*

A pyramid is said to have a base, and lateral faces ; and its later-
al edges all meet at the vertex. An octaedron is sometimes consid-
ered a double four-sided pyramid, having a common base at the junc-
tion of the two pyramids. The vertices of a double pyramid are al-
so called its summits ; and a rhomb is sometimes viewed, as a double
three-sided pyramid, whose summits are the two opposite, solid an-

method supposes certain subtractions to be made from the magnitude, which
the crystal once possessed.

® This mode of distinguishing the faces and edges of tabular crystals is al-
together unnecessary. A table, as just observed, is only a very short prism ;
and its several parts may be denominated in the same manner, as those of a lon-
gerprism. This distinction between lateral and terminal faces does not extend
to the two first named predominant forms.

—_—— _
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gles, which are formed by three equal plane angles. 8o also the pyr-
amidal terminations of a prism are called its summits.

When all the faces of a prismatic crystal are not equal, they are
sometimes alternately wide and narrow; and sometimes two oppo-
site faces are equally wide or narrow.

77. We are now to notice the several alterations, to which the
predominant form may be subjected. These are three; fruncation,
bevelment, and acumination or termination. By each of these sup-
posed alterations new faces are produced on the crystal; and.their
inclination to the contiguous faces may be measured by a goniometer.

78. Truncation. This alteration supposes a segment to be cut
off or separated from the predominant form. A truncation may he
applied either to an edge or a solid angle of a crystal, and will evi-
dently leave a face more or less large in place of the edge or angle,
asa,aand b, b (Pl I, fig. 13.), where each edge and each solid an-
gle of the cube is replaced by one small face. A truncation is said
to be oblique, when the new face does not make equal angles with
all the contiguous faces.

79. Bevelment. A bevelment may be applied to a lateral or ter-
minal edge, or even to a terminal face, or a solid angle. It supposes
the removal of two contiguous segments from the edges, angles, or’
terminal faces of the prédominant form, thereby producing two new
faces, as r, r (PL.II, fig. 16.), inclined to each other at a certain an-
gle and forming an edge ; in this figure the cube is bevelled on all
its edges. This new edge is sometimes situated obhquely, when re-
ferred to the edge or face, on which the bevelment is made. When
a terminal face is bevelled, the two planes may stand either on the
lateral faces or lateral edges. A second bevelment is sometimes ap-
plied to the edge, produced by the first, thereby forming four new fa-
ces, instead of two.

The degree of alteration, produced in the predominant form by
truncation or bevelment, may be expressed in a general manner by
saying slightly or deeply truncated or bevelled.

80. JAcumination or termination. When three or more new fa-
ces are produced in the manner aforementioned, and these all unite
in one point or line, a termination or acumination is said to exist.
'This alteration may be applied to a termina! face, as in the pyramidal
termination adbc (P I, fig. 17,); or to a solid angle, as a4, a,a
(fig. 18.), where each solid angle of the cube is terminated by three
faces. The faces of a termination, which is applied to a terminal
face, may correspond to the lateral faces or the lateral edges of the
predominant form ; and the edges, produced by these terminating

4
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faces, are called the lateral edges of the termination. Sometimes
two opposite faces of a pyramidal termination are so much wider
than the others, that the pyramid terminates in an edge, instead of
a point, and is said to be cuneiform.

81. When a crystal is supposed to stand on one of its bases, or
to have its axis vertical, or indeed to rest in any other given position,
its faces and edges may be conveniently designated, as herizontal,
vertical, or oblique.

82 Grouping of crystals. Two or more crystals are often found
attached to each other in groups more or less regular. In a few
cases, indeed, these groups have much regularity in their structure
and appearance. Sometimes they are composed of two crystals,
which partially penetrate each other, or simply adhere by two faces
similarly situated on both crystals. Sometimes two prisms intersect
each other at constant angles, either right or oblique.  *

Other groups exhibit the appearance of two halves of the same
cryshl, 8o applied to each other, that, while one half is supposeg to
rewain at rest, the other half, without being separated from the form-
er, seems to have performed some part of a revolution in the common
plane of intersection.

In some cases that half, which is supposed to revolve, seems to

have passed through only one sixth of the circumference of a circle 3 *

in others it has described a semicircle, so that its posltlon is inverted
in regard to that half, which remains fixed. To this inversion of
one half the Abbé Haiiy has given the name hémitropie (hemitropy),
which is designed to indicate, that one segment of the crystal has
turned through half the circumference of a circle; and the crystal,
thus produced, he designates by the epithet hémitrope. Such crys-
tals are also called double or twin crystals.

These hemitrope or twit crystals, as well as those, which pene-
trate or intersect each other, may almost always be easily recognised

by the re-éntering angle or angles, which they present ; for such an-

gles never appear on simple crystals. Those parts of the crystal di-
rectly opposite to these re-entering angles will, of course, exhibit
projecting edges or angles. In Pl II, fig. 19. is an octaedral crystal
. of spinejle, which is supposed to be bisected in the plane of the dotted
hexaedron, which appears in the interior. 1If, while the lower half\
remains fixed, the upper half be supposed to revolve in the aforemen-
tioned plane, through one sixth of a circle, the crystal (fig. 20.) will
be produced. Feldspar and oxide of tin exhibit hemitrope crystals,
as will be seen under those articles. In some minerals more than

two single crystals are regularly grouped.

- = - .
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Most frequently, however, groups of crystals are quite irregular.
In this case, they are described, as far as practicable, by comparing
them to some known body, which they resemble. Thus these groups
may be fascicular, like a bundle of rods, or scopiform, like a broom,
being in both cases composed of small crystals diverging from a cen-
tre ; they may also resemble a rose or a sheaf. Sometimes the crys-
tals aggregate in rows, and constitute acicular or columnar groups.
In fine the groups may be globular, pyramidal, &c.

All these various adhesions of crystals must arise from a greater
or less degree of disturbance in the process of their formation.

83, Size of crystals. As the size of crystals may vary from that
of several inches in sone of their dimensions, till their form becomes
indeterminable without the aid of a microscope, it 18 of some conse-
quence, that their general size should be stated.

Nomenclature of Crystals.

84. The importance of a systematic nomenclature in any branch
of science is extremely obvious ; and chemistry has already presented
a striking instance of the truth of this remark. It must also be evi-
dent, that numerous advantages would result from a similar nomen-
clature in crystallography ; especially when we consider the imme se
variety of crystalline forms, which the mineral kingdom presents,
and the importance of being able, without the labor of description, to
designate any pdrticular variety of form by eome name or epithet,
which may indicate the form itself, or the general structure, or some
peculiarity of form or structure. The attempt, of which an account
is now to be given, has been made by the celebrated Haily.

The original names will be employed with an explanation annex-
ed, and, in many cases, a reference to figures; for the analogy of
our language does not appear to justify a literal translation of many

- of the terms of this nomenclature.* Indeed mineralogy already

presents many uncouth and barbarous terms unnecessarily introduced

- into the English language by a literal translation of words belonging

to foreign languages. .

It mqy, however, be remarked, that many of the terms of this
nomenclature may be easily understood without a knowledge of the
French language, and may with great propriety be adopted, as En-
glish words, by a slight alteration of the arthography.

85. Primitif or Primitive, added to the name of the species, al-
ways denotea the primitive form of the crystals of that species.
Thus zircon primitif,

® See Elements of Crystallography, after the Method of Haliy, by Fred-
rick Accum. London; 1813.
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86. The secondary forms of crystals may be considered under
" six different points of view.

L Secondary forms, considered in regard to the modifications,
produced in the primitive form, by a combination of the faces of the
latter with those, which resull from the laws of decrement.

Thus a crystal may be called

Pyramidé, when the primitive form is a prism, and, in the sec-
ondary form, is terminated at each extremity by a pyramid, having
as many faces, as the prism has sides.

Prismé, when the primitive form is composed of two pyramids
united base to base, and, in the secondary form, these pyramids
are separated, and a prism is interposed. Thus zircon prismé 3
(P 111, fig. 34).

Semi-prismé, as in the preceding, except that the interposed prism
bas only half as many sides, as there are edges at the common base
of the two pyramids.

Basé, when the primitive form is a rhomb, or is composed of two
pyramids united base to base, and, in the secondary form, the sum-
mits of the rhorb or double pyramid are truncated by faces perpen-
dicular to the axis of the crystal.

Epointé, when all the solid angles of the pnmmve form are trun-
cated, each by one face. Thus strontiane sulfatée (sulphate of stron-
tian) epointée ; (PI. I, fig. 6).

Bisépointé, triépointé, quadriépointé, when each solid angle of
the primitive form is replaced by two, or three, or four faces. Thus
analcime triépointée ; (Pl. IV, fig. 21).

- Emarginé, when all the edges of the primitive form are truncat-
ed, each by one face.

Bisémarginé, triémarginé, when each edge of the primitive form
is replaced by two, or three faces.

Périhexaddre, when the primitive form is a prism of four sides,
and, in the secondary form, is converted into a prism of six sides by
the decrements; or, in other words, is truncated on two of its late-
ral edges.

Périoctasdre, péridécaidre, péridodécalidre, when, as in the pre-
ceding, a four-sided prism is converted into a prism of eight, or ten,
or twelve sides. The term péridodécaédre is also employed, when
the primitive form is a regular six-sided prism, and, in the secondary
form, has each of its lateral edges truncated by one face.

Raccourci (shortened), when the primitive form is a prism, whose
bases are rhombs, and, in the secondary form, each of the two lateral
edges, contiguous to the lomger diagonals of the bases, is truncated




Sect. 1.1 NOMENOLATURE OF CRYSTALS, 20

- by one face; in consequence of which the crystal appears diminished
in length.

il;‘ttrlz‘d (narrowed), when the primitive form is the same as in
the preceding, but, in the secondary form, each of the two lateral
edges, contiguous to the shorter diagbnals of the bases, is truncated ;
in consequence of which the crystal appears diminished in breadth.
Thus haryte sulfatée (sulphate of barytes) rétrécie; (PL III, fig. 2).

87. I1. Becondary forms, considered by themselves, and merely as
geometrical forms.

A crystal may be called

Cubique, when it exhibits a cube, as a secondary form.

Cuboide; when the form differs very little from a cube. Thus
chaux carbonatée (ccarbonate of lime) cuboide ; (Pl. III, fig. 15).

Tétraédre, when the crystal presents a regular tetraedron, as a
secondary form.

Octaédre, when it presents an octaedron, as a secondary form.

Prismatique, when the form is a right or eblique prism, whose
sides are inclined to each other at an angle of 120°.

Dodécaédre, when the surface of the crystal presents twelve tri-
angular, quadrangular, or pentagonal faces, all equal and similar, or
whose plane angles possess only two different measures. Thus
zircon dodécaddre ; (PL III, fig. 35); also cuivre gris (gray copper)
dodécaedre ; (PL IV, fig. 40).

Tcosaddre, when the crystal is bounded by twenty triangles, of
which twelve are isosceles and eight equilateral. Thus fer sulfuré
(sulphuret of iron) icosaddre; (Pl. V, fig. 7).

Trapézoidal, when the surface is composed of twenty four trape-
ziums, all equal and similar. Thus grenat (garmet) trapézoidal;
(PL. IV, fig. 14).

re, when the crystal is bounded by thirty rhombs.
Thus fer sulfuré (sulphuret of iron) triacontaddre ; (Pl. V, fig. 8).

Ennéacontasdre, when the surface presents ninety faces.

Birhomboidal, when the surface is composed of twelve rhombic
faces, which, being taken six and six and prolonged in idea, till they
intercept each other, would form two different rhombs.

Trirhomboidal, when, as in the preceding, three different rhombs
would be formed. Thus chabasie trirhomboidale; (Pl IV, fig. 22).

Biforme, when the 'crystal embraces a combination of two re-
markable forms, as the cube, rhomb, octaedron, dodecaedron with
rhombic faces, &c.

Triforme, when, as in the preceding, three forms are concerned.
Thes cobalt arsenical triforme ; (Pl V, fig. 24).
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Cubo-octaddre, when the crystal presents a combination of the
two forms, indicated by the name, viz. a cube and octaedron.

Cubo-dodécaldre, cubo-tétraddre, when, as in the preceding, the
forms are a cube and dodecaedron, or a cube and tetraedron. Thus
fer sulfare (sulphuret of iron) cubo-dodécaédre ; (Pl. V, fig. 6).

Trapéxien, when the lateral planes are composed of trapeziums,
situated in two ranges between the two bases. Thus baryte sulfatée
(sulphate of barytes) trapézienne ; (Pl. III, fig. 3).

Ditétraddre, when the form is a tetraedral prism with diedral
summits. Thus fer arsenical (arsenical iron) ditétraddre; (Pl V,
fig. 4).

Dihexaédre, dioctaddre, when the form is a hexaedral prism
with triedral summits, or an ooctaedral prism with tetraedral summits.
Thus topaze dioctaddre ; (Pl. III, fig. 25).

Didécaédre, didodécaldre, when the crystal is a decaedral prism
with pentaedral summits; or a dodecaedral prism with hexaedral
sunmits. Thus diopside didodécaédre ; (Pl. IV, fig. 26).

Trihexaédre, when the surface exhibits three ranges of faces,
placed one above the other, each range containing siX faces. '

Tétrahexasdre, pentahexaldre, eptakexaédre, trioctaédre, trido-
décaldre, when, as in the preceding, the crystal presents certain
ranges of a given humber of faces, as indicated by the several names
respectively.

Bigéminé, when the crystal exhibits a combination of four forms,
which, taken two and twe, are of the same kind.

dmphihéxaédre, when the faces of the crystal, counted in two
different directions, give two hexaedral outlmes, or are found to be
six in pumber. |

Sexdécimal, when a prism, or the middle part of a crystal, has
six faces, and the two summits, taken together, ten faces; or tbe
reverse. 'Thus feldspath sexdécimal ; (PL. IV, fig. 7).

Quadridécimal, octodécimal, sexduodécimal, octoduodéctmal
déciduodécimal, octosexdécimal, sexoctonal, &o, when, as in the pre.
ceding, a prism or the middle part of a crystal, and the two summits
have the number of faces, indicated by the several names respective-
ly. Thus feldspath quadridécimal ; (Pl. IV, fig. 6); also corindon
(corundum) octoduodécimal ; (Pl. III, fig. 29); also plomb carbonaté
(carbonate of lead) sexoctonal ; (Pl. V, fig. 15).

Péripolygone, when a prism has a great number of sides.

Surcomposé, when the form is very complex: Thus fer sulfuré
(sulphuret of iron) surcomposé ; (Pl. V, fig. 10).

ontiennéaédre, when there are nine faces'on two opposite parts
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afthecryshl. This form appears in a variety of the tourmaline,
in which each summit has nine faces, and the prism twelve sides;
whereas the prism usually has nine sides.

Prosennéacdre, when there are nine faces on two adjacent parts
of the crystal. This form also belongs to a variety of the tourmaline,
in which the prism has nine sides and one of the summits nine faces.

Récurrent, when the faces of the crystal, being counted in annu-
lar ranges from one extremity to the other, furnish two different num-
bers, which succeed each other several times, as 4, 8, 4, 8,4. .

Equidifférent, when a different number of faces is presented by
the prism and by each summit; and these three numbers form a
eries in arithmetical progression, as 6, 4,2, Thus amphibole (horn-
blende) equidifférent ; (Pl. IV, fig. 30).

Convergent, when the series of numbers, taken as in the preced-
ing variety, is rapidly convergent, as 15,9, 3.

. Impair, when a different number of faces is presented by the
prism and by each summit ; but the three numbers follow no law of
progression. Thus tourmaline impaire ; (Pl IV, fig. 3).

Hypéroxyde (acute to excess), which is a name given to a varie-
ty of carbonate of lime, embracing a combination of two acute
rhombs, of which however one is much more acute, than the other;
(PL. 111, fig. 21).

Sphéroidal, when it is beunded by several "convex faces, as one
variety of the diamond, which has forty eight convex faces; (Pl IV,
fig. 34).

Plan-convexe, when, as in a variety of the dnmond, some of the
faces are plane, and others curved.

88. III. Secondary forms, considered in regard to certain faces
or edges, remarkable by their posilion, or relative situation.

Thus a crystal may be called

«fiterne, when on two paris, an upper and lower part, it presents
faces, which alternate among themselves, but which correspond with
each other, when the two parts are compared.

Bisalterne, when, as in the preceding case, the alternation takes
place not only between the faces on the same part, but alse between
those on the two parts.

Bibisalterne, when there is on both perts two sets of bisalterne
faces. Thus mercure sulfuré (sulphuret of mercury) bibisalterne ;
(PL. IV, fig. 39).

Jdnnulaire, when a hexaedral prism has six, or an octaedral prism

eight marginal faces, disposed in a ring about each base; or whem, . .

these prisma are truncated on all their terminal edges.
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Monostique, when a prism of a given number of sides has on the
margin of each base a range of faces of a different number from that
of the sides; these faces may be all marginal, or some may be mar-
ginal and others may replace the solid angles ; or they may be view-
ed as truncations of the terminal edges and solid angles. Thus to-
paze monostique ; (Pl III, fig. 26) ; also epidote monostique; (Pl.
IV, fig. 16).

Distique, when, instead of one range, as in the preceding vmety,
there are two ranges of faces about each base.

Subdistique, when two of the faces, disposed in the same range
about each base, are surmounted by two additional faces, which seem
to constitute the beginning of a second range.

Plagiédre, when a crystal has faces sltuated obhquely, or ina
slanting direction.

Dissimilaire, when two ranges of faces, situated one above the
other towards each summit, have a want of symmetry. Thus epulote.
dissimilaire ; (PL. IV, fig. 17).

Encadré, when a crystal has faces, which form a kind of frame
about the faces of'a more simple furm, already existing in the same

species.

tuse angle, and of course project but little.

Zonaire, when the crystal has about its middle part a range of
faces, which form a kind of zone.

JApophane (manifest), when certain faces or certain edges present
some useful indication for discovering the position of the nucleus,
which it would otherwise be difficult to determine.

Emoussé (blunted), when there are faces, which intercept and
apparently blunt certain edges or angles, which, without these faces,
would be more projecting than the other edges or angles.

Contraeté, a name applied to a dodecaedral variety of the cdrbo-
nate of lime, in which the bases of the terminating pentagons suffer
a kind of contraction, in consequence of the inclination of the lateral
faces.

Dilaté, a name applied to another variety of the dodecaedral
carbonate of lime, in which the bases of the pentagons, which termi-
nate the crystal, suffer a kind of dilation, in consequence of the incli-
nation of the lateral faces; (Pl. III. fig. 20).

dcutangle, a term employed to designate a hexaedral prism of
carbomte of lime, which has its solid angles truncated by very acute-
angled triangles.

Defective, a name particularly applied to a variety of the borate

Prominule, when a crystal has edges, which contain a very ob-
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of magnesia, in which four of the solid angles of the primitive cube
are truncated, each by one face, while the opposite solid angles re-
main untouched.

Surabondante, a name applied to another variety of the borate of
magnesia, in which each of the solid angles of the cube, which were
untouched in the preceding variety, is terminated by four faces;
(PL. 11, fig. 24).

89. IV. Becondary forms, cmudercd in ngard to the laws of
decrement, on which they depend.*

A crystal may be called

Unitaire, when its form is produced by a single decrement of one
range of particles. Thus feldspath unitaire; (Pl IV, fig. 5).

Bisunitaire, triunilaire, quadriunilaire, when them are two, or
three, or four decrements by one range of particles. Thus epidote
bisunitaire ; (Pl IV, fig. 15); also pyroxene (augite) triunitaire;
(PL IV, fig. 28).

Binaire, when the secondary form depends on one decrement by
two ranges of particles.

Bibinaire, tribinaire, when it dépends on two, or three deécrements,
each by two ranges of particles, according to the names respectively.
Thus chaux carbonatée (carbonate of lime) bibinaire ; (Pl. I1I, fig. 18).

Ternaire, biternaire, when the secondary form is produced by
one, or two decrements, each by three ranges of particles, according
to the names respectively.

Unibinaire, when there are two decrements, the one by one range,
and the other by two ranges of particles. Thus staurotide unibi-
naire; (Pl III, fig. 50).

Uniternaire, when one of the two decrements is by one range of
particles, and the other by three ranges. Thus titane siliceo-calcaire
uniternaire ; (Pl. V, fig. 35).

Binoternaire, when, of the two decmments, one is by two and
the other by three ranges of particles. Thus fer oligiste (dpecular
oxide of iron) binoternaire ; (P1. V, fig. 11).

Equivalent, when the exponent or index of one decrement is
equal to the sum of the exponents of the other decrements. Thus
chaux sulfatée (sulphate of lime) équivalente ; (Pl. 111, fig. 11).

Soustractif, when the exponent, which relates toone decrement,

* By the term exponent, employed in this division, is intended the num-
ber, which indicates how many ranges of particles are subtracted in the sev-
eral decrements. In mixed decrements the exponent is a fraction, of which
both terms are greater than unity; the numerator expresses the decrement
n breadth, and the denominator the decrement in height.

5
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is less by unity, than the sum of the exponents of the other decre-
ments. )

Jdditif, when the exponent of one decrement exoeeds by unity
the sum of the exponents of the other decrements.

Progressif, when the exponents form a series of numbers in arith-
metical progression, as 1, 2, 3. Thus fer oligiste (specular oxide of
iron) progressif ; (Pl. V, fig. 13).

Disjoint, when the decrements differ much from each other, as
from 1 to + or 6.

Partiel, when some part of the primitive form remains without de-
crements, while other parts, siniilarly situated, uadergo them. Thus
cobalt gris (gray cobalt) partiel; (Pl V, fig. 25).

Soudouble, when the exponent of one decrement is half the sum
of the other exponents. Thus axinite soudouble ; (Pl. IV, fig. 11).

Sowtriple, souquadruple, when the exponent of one decrement
is only one third, or one fourth the sum of the other exponenu

Doublant, when one of the exponents is twice repeated in a series,
which would otherwise be regular.

Triplant, quadruplant, when one of the exponents is three, or
four times repeated in a series, which would otherwise be regular.

Identique, when the exponents of two simple decrements are
equal to the terms of the fraction, which express a third and mixed
decrement in the same crystal.

Tsonome (equality of laws), when the exponents, which mark the
decrements on the edges, are equal ; and also those, which denote the
decrements on the angles. Thus cuivre sulfaté (sulphate of copper)
isonome 3 (Pl V, fig. 8).

Mixte, when the form results from a single mixed decrement.

Pantogene (originating from all its parts), when every edge and
every solid angle undergoes a decrement. ‘Thus baryte sulfatée (sul-
phate of barytes) pantogéne; (Pl III, fig. 4).

Bifére, when each edge and each solid angle suffers two decre-
ments.

Entouré, when there are decrements on all the edges and on all
the solid angles about the base of a prismatic nucleus.

Opposite, when one decrement is made by one range of particles,
and another decrement is intermediate.

Synoptique, when the laws of decrement in any given crystal
offer a kind of synopsis of the laws, which operate in the formation
of all the other secondary crystals of that species, or at least the
greater part of them.

Rétrograde, which is a name applied to a variety of the carbonate
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of lime, whose form depends chiefly on two mixed decrements; and
the faces thence resulting seem to retrograde, that is, they appear to
be thrown backward toward that side ef the axis, which is most re.
moved from that face, where the decrements commence. -

JAscendant, when all the laws of decrement have an ascending
direction, setting out from the angles or lower edges of a rhombic
nucleus.

90. V. Secondary forms, Mtnng'dbmw
rical properties, which they present.

Thus a crystal may be called .

Isogone (equality of angles), when the faces, which exist on cer-
tain parts, differently situated, form among themselves equal angles.
Thus tourmaline isogone ; (P1. IV, fig. 2).

Jnamorphique (inverted form), when the crystal cannot be placy
ed in its most natural position, without apparently inverting that of

the nucleus. Thus stilbite anamorphique ; (Pl. IV, fig. 20).

Rhombifére, when ‘certain faces of the crystal are true rhombs,
although, from the manner, in which they are connected with the
contignous faces, they do not, at first view, appear to be regular fig-
ures. Thus quartz rhombifére ; (P1. III, fig 36).

Equiaxe, when the secondary form is a rhemb, whoee axis is
equal to that of the primitive form, which is also a rhomb. Thus

" chanx carbonatée (carbonate of lime) equiaze 3 (Pl. IfI, fig. 13).

JFnverse, when the secondary form is a rhomb, whose edges contain
angles equal to the plane angles of the primitive form, whicli is itself
a rhomb, and whose plane angles are equal to those, contained by the
edges of the primitive rhomb. Thus chaux carbenatée (carbonate of
lime) inverse s (P1. III, fig. 14).

Métastatique (a transfer), when the secondary crystal has some
of its plane angles and some of those, formed by the inclination of its
faces, equal’ to certain angles of the nucleus, which are thus in a cer-
tain sense transferred to the secondary form. Thus chaux carbonatée
(carbonate of lime) métastatique; (Pl. III, fig. 16).

Contrastant, which is a name applied to a very acute rhomb of
carbonate of lime, whose angles, when compared with those of the
variety equiaxe, undergo an inversion, similar to, that described in
the variety inverse; in consequence of which certain parts of the
crystal are made to resemble a very abtuse rhomb, thus producmg a
kind of contrast in the same crystal.

Persistant, a name applied to a variety of carbonate of lime, in
which certain faces are intercepted by the contiguous faces in such
manner, that they preserve the same measures of their angles, which
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they would have had without being thus intercepted s these angles
may however have different relative positions.

Jnalogique, when the form presents many remarkable analogies.
Thus chaux carbonatée (carbonate of lime) analogique ; (PI. III, fig. 22).

Paradoxale, when the structure presents singular and unexpect-
ed results. :

Complexe, when the structure is rendered complicate by uncom-
mon decrements; as when some are mixed and others interme-
diate. :
91. V1. Secondary Jorms, considered in regard to certain pecul.

far properties.

‘Thus a crystal may be called

Transposé, when it is composed of two halves of an octaedron, or
of two portions of some other crystal, of which one seems to have .
turned upon the other through a space equal to one sixth of the cir-
cumference of a circle. 'Fhus zinc sufuré (sulphuret of zinc) trans.
posé ; (PL V, fig. 23).

Hémi-trope, when it is composed of two halves of the same crys-
tal, of which one half seems to be inverted in regard to the other; see
art. 82. Thus feldspath hémi-trope ; (Pl. IV, fig. 8).

Rectangulaire, a name applied to that variety of the staurotide,
eomposed of two prisms, which cross at right angles.

Obliquangle, a name applied to another variety of the staurotide,
in which the two prisms cross at an angle of 60°. (Pl. III, fig. 31).

Bexradiée, a name applied to that variety of the sfaurotide, com-
posed of three prisms, which cross in such manner, as to exhibit the
six radii of a regular hexagon.

Cruciforme, a name applied to a variety of the harmotome, com-
posed of two prisms, intersecting each other, and producing a kind of
eross. (PL IV, fig. 2).

~* Triglyphe, when the striee on the surface of the crystul. being

viewed on three faces, which unite about the same solid angle, have
three different directions, all perpendicular to each other, Thus fer
pulfuré (sulphuret of ivon) triglyphe ; (Pl V, fig. 5).

Géniculé, when the crystal consists of two prisms, which unite at
pne extremity, so as to form a kind of knee. Thus titane oxidé (red
pxide of titanium) géniculé ; (Pl. V, fig. 31).

SECTION 2,
,Phyucal or External Characters,

92. The properties of minerals are somewhat numerous, and fall
under the coguizance of two distinct branches of science; hence the
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twofold division, already mentioned (16), into physical and chemical
properties or characters. But, as the physical characters of minerals
may be ascertained by mere inspection, combined in some instances
with a simple experiment, they have generally received the name of
external characters; to describe which is the object of this section.

93. Whenever those properties, which are named in the description
of bedies, exist in different degrees in different substances, it becomes
peculiarly important, that the language employed should be accurate.
Now this is remarkably the case in regard to the external characters
of minerals. The same character, when viewed in different mine-
rals, often presents very nice grades of distinction. Even different
individuals of the same species not unfrequently possess the same
property in various degrees. 'These remarks will be sufficiently il-
Instrated by referring to the numercus degrees of hardness, lustre, &c.
and more especially to the almost innumerable varieties of color, ob-
servable in the mineral kingdom.

It must hence be obvious, that great precision and accuracy of
language are absolutely necessary in describing minerals by their ex-
ternal characters. Each term must be well defined, and carefully
employed, so that it may always convey the same definite idea.

94. For the appropriate language, now generally employed to ex-
press the external characters of minerals, we are indebted to the
celebrated WerNer, Professor of Mineralogy, at Freyberg, in Upper
Saxony. In the following arrangement of these characters, no other
principle is regarded, than to pass from those, which may be observ-
ed by mere inspection, to others, requiring more or less of experiment.

Color. Smell. Hardness,
Changeable colors.  Taste. Fracture.
Lustre, Adhes:on to tongue. Frangibility.
Transparency. Shape of fragments,
Refraction. Strea.k. . Tenacity.
Form. Distinct concretions. Magnetism.
Surface. - Flexibility. Electricity.
Unctuosity. Sound. Phosphorescence,
Coldness. Cqhesion. Specific gravity.

1. Color,

95. This property, although one of the most striking, is by no
means the most characteristic. Its real importance, however, will be
best ascertained by examiuing its sources.

First, in many minerals the coloring matter is both accidental and
varigble s and arises from the presence of metallic oxides, particularly
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those of iron and manganese. Now these oxides may exist in differ-
ent proportions, or with different degrees of oxidation ; either of which
would produce a variation in the coler, or at least in the shade of
the color of different varieties, belonging to the same species. Hence
zircon may be gray, green, blue, red, yellow, or brown; quartz may
be white, gray, brown, yellow, green, red, &c. and all these colors are
farther diversified by various shades. Now in these and similar cas-

es it is evident, that but little reliance can be placed on color alone.
It may indeed be true, that most minerals usually exhibit some one
or two of the colors belonging to them; it may even be true, that
some minerals present but one color, yet this one may asqume a vari-
ety of shades. It is hence obvious, that, when the color depends on
some accidental ingredient, it can only increase the probability, that
the mineral under examination belongs to this or the other species.
The preceding remarks apply to the colors, which &ppear on most of
the earthy compounds and of the earthy and alkaline salts. The col-
oring matter may actually be extracted from some saline minerals, and
every other property remain the same.

But, secondly, the color sometimes depends on the nature of the
mineral, and is produced by light reflected from its essential, compo-
nent parts. Here it is a character of very considerable value. This
i8 the case with most of the ores of the metals, and with some combus-
tibles.

96. We shall now notice the varieties of color, and the terms em-
ployed in describing them.

Fundamental colors. Of the various colors eight are assumed, as
fundamental. These are snow white ; ash gray, the color of wood-
ashes ; velvet black ;- Berlin or Prussian blue ; emerald green ; lem-
on yellow ; carmine red, a high red, like that of vermillion; and
chesnut brown. All other colors are considered, as intermixtures
of two or more of these ; and are expressed by combining the names
of the two principal colors, of which the intermixture is supposed to
consist, a8 greenish white, or by referring to some well known sub.
stance, whose color is nearly uniform, as blood red. When a color
is compounded of any two colors, which have received distinct names,
and seems to be intermediate between them, it is described by say-
ing, that the predominant color inclines to or passes into the other,
according as it exhibits less or more of that other color.

Varieties of white.* Snow white; reddish white ; yellowxsh

® In the explanations, annexed to many of the varieties of color, the ad.
ditional shade is supposed to be mingled with the fundamental color, unless
the contrary be expressed.
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white ; silver white, which has a slight tinge of yellow with & metal-
lic lustre ; grayish white ; greenish white; millc white, which has a
slight tinge of blue; tin white, which is neurly the preceding with a
metallic lustre.

" Varieties of gray. Lead gray, which has a slight tinge of dark
blue with a metallic lustre ; bluish gray ; smoke gray, which hasa
shade of brown; pearl gray, which has a’ very slight tinge of vielet
blue; greenish gray; yellowish gray ; ash gray s sieel gray, which has
a shade of blue and a metallic lustre.

Varieties of black. Grayish black; iron black, which is a dark
grayish black with a metallic lustre ; velvet black ; pitch black, which
contains a little brown; raven black, in which a shade of green is
perceptible ; bluish black.

Varieties of blue. Indigo blue, which is very dark; Berlin or
Prussian blue ; azure blue, which is dark with a slight tinge of red 3
violet blue, which has a streng tinge of red ; plum blue, which is a
dark reddish blue; lavender blue, which contains a little reddish
gray 5 snalt blue, which is azure blue, rendered pale by an intermix-
tare of white ; sky blue, which is pale, with a tinge of green.

Varieties of green. Verdigris green, which has a shade of blae j
sea green, which is paler than the precediag; wmouniain green,

- which is pale and grayish ; emerald green ; apple green, which has a
tinge of white; grass green, which is lively, but has a strong tinge
of yellow ; blackish green ; leek green, which is dark and contains s .
little brown ; pistachio green, which has a shade of brownish yellow ;
asparagus green, which is paler, than the preceding; olive green,
which is a pale grass green, with a strong shade of brown ; oil green,
which is paler and has more yellow than pistachio green ; canary or
siskin green, which is a pale yellowish green.

Varieties of yellow. Sulphur yellow, which is pale and has a
shade of green ; brass yellow, which is the preceding, with a shade of
gray and a metallic lustre; straw yellow, which is sulphur yellow,
containing much white; bronze yellow, which is brass yellow, min«
gled with gray ; wax yellow, which has a shade of reddish browa ;
koney yellow, which is sulphur yellow, tinged with brown ; lemon
yellow ; gold yellow, which differs from the preceding by its metallic
lustre only ; ochre yellow, which has a strong shade of brown ; wine
yellow, which has a shade of brownish red; isabella yellow, which
is brownish yellow, with a slight tinge of red ; orange yellow, which
has a shade of red.

Varieties of red. JAurora red, which has a strong shade of yel-

' low ; hyacinth red, which is tinged with brownish vellow : brick red.
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which is paler, than the preceding; scarlel red, which has a very
slight tinge of yellow ; blood red, which is nearly a pure red, but

tinged with a little dark brown; flesk red, which is paler, than the

preceding ; copper red, which is nearly flesh red with a tinge of yel-
low and a metallic lustre ; carmine red ; cochineal red, which has a
shade of bluish gray ; erimson red, which has a strong shade of blue
columbine red, which is darker, than the preceding; rose red, which
resembles cochineal red, but is pale; peach blossom red, which is a
pale reddish white, with a slight tinge of blue; cherry red, which is
crimson red with a strong shade of dark brown ; brownish red, which
is a blood red, shaded with brown.

Varieties of brown. Reddish brown ; clove brown, which is dirk
with a very slight tinge of red ; hair brown, which is the preceding
with a shade of gray; droccoli brown, which is hair brown with a
tinge of blue; chesnut brown; yellowish brown; pinchbeck brown,
which is the preceding with a metallic lustre ; wood brown, which
results from a mixture of yellowish brown with a large portion of
gray ; liver brown, which has a shade of gray ; blackish brown.

The various intensities of the same color are denoted by the
terms dark or deep, light or pale.

It is always to be understood, unless . the contrary be expressed,
that the color of a mineral is observed on the interior surface, exhib-
ited by a fracture recently made, and that the mineral is in an un-
altered state.

When minerals are perfectly clear and transparent, having ne
. perceptible color, they are said to be limpid, or colorless.

97. Jdrrangement of colors. Some minerals present two or more
colors differently arranged. The collocation of these colors is ex-
pressed by the terms dotted, veined, clouded, striped, or zoned, &c.

98. Turnished colors. The surface of a mineral often exhibits
very different colors from those, which appear in the interior, and is
said to be tarnished. This tarnish usually arises from the action of
moisture or air on some metallic matter, contained in the mineral,
or investing its surface. When more than one color is present, the
tarnish is described by referring to some well known appearance,
which it more or less resembles, as the neck of ‘a doveythe tail of a
peacock, the rainbow, tempered steel, &c. hence it is denominated
columbine, pavonine, irised, &c. These tarnishes are frequent on
some of the ores of copper and iron; and the alteration of color
sometimes extends to a considerable depth.
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2. Changeable colors, or chatoyement, or play of colors 3
irised colors.

99. The appearances, denoted by the above ternms, are altogether
distinct from a tarnish, although the latter may sometimes appear
irised. They are exhibited by minerals in their purest state, and
depend on a peculiar incidence and reflection of light. We notice
both changeable and irised colors in the same article, because they
are often produced in a similar manner ; and for the former, which
is the most beautiful, we have mentioned the French term chatoye-
ment, because it is expressive, and becsuse there is no word in Eng-
lish, by which it may be translated. This term allades to these
mutable and shining colors, which appear in the eye of a cat, when
ebserved in the dark; similar appearances may be seenon certain
varieties of silk.

A mineral is said to exhibit changeable colors, or a chatogement,
when different collections of colors alternately appear and disappear,
according to the varying position of the mineral, in regard to the
incident light. This is-a striking property in that variety of quartz,
called cat’s eye, in the precious opal, and particularly in some varie-
ties of feldspar.

In other cases most of the colors of the iris or rainhow appear;
and, although moveable, do not change, but present the same appears
ance, on whatever part of the mineral they may be observed. Crys.
tallized quartz and carbonate of lime exhibit this property.

The preceding colors may exist near the surface, or rise from the
interior; and are sometimes confined to two opposite parts of a
crystal.

The exhibition of changeable and irised colors, when the latter
is not merely a tarnish, appears in most cases to be produced by
light, reflected from the sides of numerous and very minute fissures,
which traverse certain minerals. These fissures sometimes proceed
from a partial decomposition and slight separation of the laminee, in
which case the fissures will all lie in the direction of the natural
joints of the mineral ; in other cases the mineral is traversed by fis-
sures in all directions, as in the precious opal.

In some instances these peculiar appearances seem to arise from
irregularity in the relative position of some of the integrant particles,
or even from the total absence of some of these partlcles little cav-
ities are hereby produced, from whose sides the light is vanously
reflected, and, during its passage to the eye, becomes refracted.

According to Bonrnon, when these little cavities are near the
surface and lie in the sgme plane, a pearly light is reflected.

.~
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8. Laustre.

100. The lustre of a mineral depends on its disposition to reflect
light more or less copiously. It must of course be variously modi-
fied by the shape, position, and density of the integramt particles.
The lustre of the internal surface, discovered by breaking the mine-
ral, is always intended, unless external lustre be expressly mentioned.
‘We perceive not only different degrees, but different kinds of lus-
tre. The degree of lustre is distinguished by the following terms;
splendent, when perceptible in full day light at a great distance, as in
highly polished metals ; shining, when itis weak ata cqnsiderable dis-
tance, but strong, when the object is near the eye, as in most crystals;
glistening, which is not perceptible, unless near, as in some silks s
glimmering, when only a few shining points appear, even when the
mineral is held very near to the eye.

The kind of lustre is made known by comparing it with that of
some familiar objects. Hence it may be vitreous, waxy, resinous,

pearly, adamantine, or metallic. Mmerals, baving no lustre, are
said to be dull.

4. Transparency.

101. This well known property needs no definition. Accordmg
to the quantity of light transmitted, the transparency will be vari-
able ; and its different degrees are denoted by the following terms ;*
transparent, when objects may be distinctly perceived througl\
the mineral ;. semitransparent, when objects may be perceived, but
not distinctly 5 translucent, when light evidently passes, but objects
cannot be distinguished ; translucent at the edges, when light passes
through the edge only. If no light pass through any part of a min-
eral, it is said to be opague.

Some miberals, nearly or quite opaque, become more or less
transparent by being plunged in water, and are said to be hydropha-
nous. This phenomenon depends on the imbibition of water, and
will be more fully explained.

5. Refraction.

102. Itis well known, that, when a ray of light passes obliquely
from one medium to another of different density, it is refracted, or
bent from its original direction. Still the image of any object, seen
. through a refracting medium, usually appears single. There are,

® Some writers denote the different degrees of transparency and lustre by
the numbers 4, 3, 2, 1, the nmnbet4 indicating the highest degree in each
charac ter.

\-
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however, some transparent minerals, which have the remarkable
propertyof cansing objects to appear double; that is, they present
two images of any object, seen through them. In this caseit is evie
dent, that the ray must be divided into two portions after entermg
the refracting medium, and that each portion presents an image of
the object.

As this property depends on the nature of the mineral, and not on
amy accidental circumstances, it must be a distinctive character of
very considerable value. Different opinions have been given on the
cause of this phenomenon; it has indeed exercised the abilities of
Huyghens and Newton, nor is it by any means certain, that it is yet
well understood.

We have room only for some general remarks on this character,
and to point out the mode of observing it.

This property was first observed in that variety of \carbonate of
lime, sometimes called Iceland spar ; and few minerals exhibit it in
go striking a manner. Let a black line be drawn on white paper,
and viewed through two opposite and parallel surfaces of a rhombic
crystal or fragment of the aforementioned substance so placed, that
the longer diagonals of the two opposite faces shall be parallel to the

line on the paper. Two distinct and separate lines will appear, the

one being somewhat above the other. If now this rhomb be made
to revolve, the two images or lines will approach each other, till they
coincide in the direction of their length, but in such manner, that
the extremity of one image extends a little beyond that of the other.
This coincidence takes place, when the shorter diagonals of the afore-
said faces become parallel to the given line. The experiment is in
some respects more striking, when a circle is employed, instead of &
line.

It appears probable, that all substances, possessed of this proper-
ty, have a limit, at which the two images coincide. The quantity
of the refraction is measured by the angle, contained between the
two portions of the divided ray.

In some minerals the double refraction is very great, and easily

observed. Often however it cannot be perceived without difficulty ;
the two images ‘are very near, and apparently touch or penetrate
each other, and are scarcely distinguishable, except at their borders.
Tt is often necessary to view the ohject through two sides of a crys-
tal, which are naturally mchned to each other, or so cut by a lapida-
ry. Thus to observe double refrachon in crystallized quartz, the
ray to be refracted must be ma(le to pass through one side of the
prism, and the opposite face of the pyramid, which terminates the
prism.
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The distance between the two images is, in general, proportional
. to the quantity of the angle, contained between the two inclined
faces ; and, when other things are equal, it is proportional to the
thiekness of the medium.

This character may frequently be observed by holding the mine-

* ral near the eye, and looking through it at a pin, held by the point,
at some distance on the opposite side, the face being directed toward
a window. If the pin be successively placed in various positions,

* thece will be one, in which two images of the pin will be seen, paral-
lel to each other, and usually irised.

. Or it may be observed in the following manner. Make a very
small puncture in a card or piece of pasteboard ; and, having closely
applied the card to that side of the crystal most distant from the eye,
look through the crystal and the puncture at a candle, placed at
some distance from the eye in 8 dark room. The two images-are
quite distinct. .

. It seems hardly necessary to suggest the important use, to which
this character may be applied. As it can be noticed with equal ease
sfter a mineral has been deprived of its native appearance by a lap-
fdary, it may enable us to discriminate minerals, in which other
charagters cannot be ohserved,

6. Form.

103. This i8 a very important character in the description of
minerals. The varieties of form may be included under three general
divisions, viz. regular, imitative, and indeterminate or amorphous.

104. Regular forms, These all arise from a crystallization,
which is attended withbut little or no disturbance ; and have already
received sufficient attention in the first section of this chapter.

105. Imitative forms. The form of a mineral is said to be imi-
tative, when it is not regular, and, at the same time, has sufficient
resemblance to any other body to be denominated by the name of
that body. These forms are either the results of a very disturbed
erystallization ; or they may be mere concretions, formed under cir-
cumstances, which have entirely prevented the appearance of a crys-
talline form or structure. The following are the most common ; viz,
lenticular, resembling a convex lens—this form may be conceived
to arise in some cases from the disappearance of the edges and an-

- gles of a crystal, thereby producing a convexity of surface; cylin-
drical—sometimes produced bv the rounding of the edges of a prism
acicular, like a needle—minera:s, possessing this form, are sometimes
in very minute prisms, and sometimes in very emall pyramids much
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elongated ; filiform or capillary, resembling a thread or a hair;
stalactical, resembling an icicle—stalactites are generally produced
by the filtration of water, containing earthy, saline, or metallic
particles, through the pores or crevices of other minerals—sometimes
also they are formed on the floors of caverns by the dropping water,
and in this case are often called stalagmites;* tubular, which is
more or less cylindrical and hollow ; dentiform, like teeth, present-
ing short and often crooked cones ; coralloidal, resembling a branch
of coral ; dendritic, branching like a tree or shrub; reticulated, like
a net; nodular, in small lumps ; globular—this form may sometimes
arise from a crystal, whose edges and angles are rounded, or it may
be produced by an aggregation of prismatic crystals or fibres; bot-
> ryoidal, like a bunch of grapes; remiform or mammillary, in the
form of a kidney—it presents elevations, resembling segments of a
sphere, but the eminences are more flat than in the botryoidal form ;
#uberous—it presents elevations less regular, than the preceding, and
separated by intermediate depressions ; cellular—the cells have va-
rious forms and are separated from each other by thin plates or lam-
inge—they are often produced by the impression of crystals, and
present regular forms, as cubic, hexangular, 8c; perforated, when a
mineral exhibits numerous round holes, like a sieve ; corroded, pre-
senting numerous cavities, as if eaten by a worm; vesicular, having
cavities, which resemble bubbles of air in ice ; ramous or entangled,
composed of slender branches of filaments, intermingled in various
directions ; specular, having the even, polished surface of & mirror ;
also in leaves, plates, scales, or membranes.

106. Inmerustations, These are depositds, made in the form of a
erust, sometimes on other minerals, and frequently on the surface of
bodies, belonging to the vegetable kingdomn ; sometimes also they
invest the sides of cavities, situated in the interior of certain bodies.
The latter appearance may often be observed in tubes, through which
water, containing calcareous particles, has been running for a long
time. Sometimes the crust is left empty by the removal of the body,
whose form it has taken. This may happen, when crystals of carbo-
pate of lime are incrusted by quartz. Incrustations are most fre-
quently calcareous or siliceous, and their structure is sometimes a
little crystalline.

107, Geode. This is an incrustation, whose form is, in general,
nearly spherical. Its interior is sometimes empty, and, in this case,
the sides of the cavity are oftcn lined with crystals. Sometimes it

* For a particular account of the manmer, in which stalactites and stalag-
mites are formed, see the species carbonate of lime..

.
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eontains a solid, moveable nucleus; and is sometimes filled with an
earthy matter different from the envelope.

108. Guhr. This is a loose, earthy deposit from water, and may
be: siliceous, calcareous, &c.

109., Pseudomorphous bodies. These bodies have received their
present form in cavities, which true crystals, or some other substanc-
es, either animal or vegetable, had once occupied. When the form
has been taken from cavities, once occupied by crystals, it is by ne
ineans difficult to distinguish the pseudomorphous or false from the
true crystal. The edges and angles of the former are seldom well
defined ; their surfaces are frequently rough and unpolished ; and
they never submit to mechanical division in any direction. Quartz
and steatite furnish crystals of this kind.

Sometimes the form has been derived from the interior of a shell,
and is a true model of the animal, which once occupied it; and some-
times it is a faithful imitation of the trunks and branches of veget-
ables. It hence appears, that many petrifactions are stnctly pseu-
domorphous bodies.

In some cases it is probable, that the particles of the peeudomor-
phous body have found the cavity entirely empty; in others they
have perhaps entered, as the original substance has gradually disap-
peared.

110. Fudeterminate or amorphous forms. When the form of a
mineral is neither regular nor imitative, it is called indeterminate,
of the mineral is said to be amorphous.

Ifa mineral form a part of an aggregate or compound rock, and
its different portions be less than a hazel nut, it is said to be dissem-
inated in the aggregate ; but, if it exist in portions not less thans
hazel nut, it is said to occur massive.

The term massive is also employed to denote those varieties of
certain minerals, which, though indeed crysfallized, do not present
a regular form, but occur in masses more or less large, having a crys-
talline structure. Whenever used in this treatise, it is to be under-
stood in the latter sense.

When a mineral occurs in loose, detached portions, it may be in

grains, orin angular or rounded fragments.

~ 7. Surface.

111. By this is intended the external surface of minerals, and
alao that of their distinct concretions, when separated. The internal
surface, or that brought to view by a fracture, will be noticed under
a distinct article. The most common varieties of external surface
are the following s viz
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uneven, presenting small and irregular elevations and depres-
sions ; granulated, when the little elevations on the surface are round-
ed, like shagreen ; rough, when the asperity is discoverable by feel-
ing, rather than by sight ; smooth ; drusy, when the surface is cover-
ed with minute crystals, often somewhat grouped ; striated, when it
is marked with small channels or furrows.

The last variety of surface is far more important, as a character, '
than any of the others; for these strise, as we have already remarked
(56), when found on secondary crystals, not unfrequently indicate
the direction of the laminz, applied to the primitive form.

The direction of the strise is to be noticed in description. Thus
in reference to the face of a erystal, the strie may pass longitudi-
nally, transversely, or diagonally, all on the sameface being supposed
- parallel. In some substances, not regularly crystallized, the strise
are irregular.

8. Unctuosity.

112 Certain minerals, when the finger is passed over their sur-
face, or applied to their powder, feel as if they were coated with
some unctuous or greasy substance. The sensation is, in general,
easily distinguished from that, which is excited by mere smoothness
of surface. It is often an important character in discriminating
minerals ; and its existence in a mineral, when reduced to powder,
is to be parhcularly noticed. Most mmerals, however, especially
when in powder, feel dry or meager.

9. Coldness.

118. Little use can be made of this character. It has been re-
marked, that siliceous minerals feel colder than those, which are
calcareous, both possessing the same temperature ; and that combusti-
bles feel less cold than most other minerals.

20. Smell. -

114. This character can be observed in but few minerals. When,
however, it does éxist, it generally indicates the nature of the min-
eral, or, at least, of some of its principal ingredients. The odor of
a mineral may be bituminous; sulphureous; alliaceous, like that of
garlic; empyreumatical, like that of burnt substances; esrthy or
argillaceous, like that of moistened clay; bitter ; or fetid, like that
of sulphuretted hidrogen gas.

In some cases the odor is constantly exbaled. In other instances
it is necessary to develop it by very slightly moistening the mineral,
as with the breath ; or by friction 5 or by the application of heat.
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, 11. Tuste.

~ 115. This property supposes at least a partial solubility of the
mineral in water or saliva, and belongs to a part of those bodies,
called salts. The terms, employed in describing the different fastes, .
are those in common use. Thus the taste may be saline ; astringent ;
sweetish ; cool ; bitter ; or urinous. Sometimes the taste, excited
by the first impression on the tongue, is a little different from that,
which soon follows ; hence a kind of compound taste results,

12. Adhesion to the tongue or lip.

116. The adhesion of a mineral to the tongue or lip depends on
its disposition to imbibe moisture. In some instances, when the
tongue is too moist for the experiment, the adhesion to the lip is still
very sensible. Its degree may be noted by the terms strong; mod-
erate; slight, &c. Aluminous or argillaceous substances furnish
striking examples of this property.

. In some cases, where little or no alumine is present, this adhe-

sion appears to arise from a partial decomposition of the mineral,
which, by losing its water or some other ingredient, becomes filled
with minute pores; and these pores absorb moisture on the principle
of capillary tubes. Such is probably the cause of the adhesion some-
times observed in calcedony, flint, and other siliceous substances.
This explanation is confirmed by the fact, that, when the same bodies
are reduced to powder, they lose their absorbent power, and do not
adhere to the tongue.

13. Soil or Stain. )

117. Some minerals, when rubbed on white paper or other light
colored substances, leave a trace, more or less distinct. In some
cases merely a so0il or stain is produced; in other cases a trace is
left sufficiently definite for the purpose of writing. It should be ob-

served, whether the color of the trace be similar to that of the mine-
ral ; or dissimilar.

13. Streak.

118. By the streak of a mineral is understood the appearance,
which arises from scratching it with a hard, sharp instrument, as
the point of a knife. The streak is said to be similar, when its color,
or rather that of the powder produced, is the same with the color of
the mineral ; and dissimilar, when its color varies from that of the
mineral.

The lustre of the streak may also be compared with that of the
mineral.
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This character, though very simple and easily observed, is often
of very considerable value. It is well known, that many minerals,
when reduced to powder, present a different color from that, which
they exhibit in portions of any sensible magnitude. ' It is also known,
that the same mineral, though presenting different.colois in its nat-
ural statc, may, when reduced to a fine powder, uniformly exhibit
but one color. This is certainly the case witha number of minerals.
Hence in description, the color of the powder, obtained by tritura-
tion, should be mentioned ; especially if the color belong to the na-
ture of the mineral, and is not dependant on any accidental ingre-
dient. The powder, produced by scraping the imineral, is perhaps
never so fine, as that obtained by trituration.

15. Distinct concretions.

119. SBome minerals appear to be composed of certain distinct
portions, more or less large, united to each other by the interven-
tion of a very delicate seam, but with a less force than that, which
unites the minuter particles of each concretion. Hence these dis»
tinct concretions are usually separable at the aforementioned seamns
without producing a fracture in the more strict sense of that term.,
‘When, however, their union is so strong as to prevent a separation
from each other, their form may be discovered, eitier by the direc-
tions of the seams, or by the different relative positions of the con-
cretions themselves. Each concretion may be said to be bounded by
its own surface, as distinguished from the surfaces produced, when
real fracture is made.

The shape of the concretions may be referred to one of the three
following kinds;
granular—these my be round, or angular, large, coarse, small, or
fine; lamellar—these may be straight or curved, thick or thin j—
columnar—these may be large or small, straight or curved, parallel,
diverging, or promiscuous, and sometimes cuneiform.

In some hinerals this character might with propriety be describ-
ed, as presenting a particular kind of structure.

6. Flexibility.

120. This well known property is easily obeerved. Very few
minerals possess it naturally. It is to be particularly noticed, wheth-
er the flexibility be accompanied with elasticity, that is, whether the
mineral have the power of restoring itself to its former ponhon,
being bent.

Some minerals by the gradual application of heat may be render-
ed flexible ; while %thero lose this property by exposure to heat, and
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regain it, when moistened. See further remarks on this character
under the article, granular limestone.

17. Sound.

. 121. To discover the existence of this property, which is rare,
the mineral must be struck or bent. Some minerals, when struck,
give a clear and almost metallic sound, which dwells for a moment
on the ear; others, when bent, give repeated and almost constant
cracks.

The production of these sounds depends much on the tabular -
form of the mineral. Thus the Chinese employ small and thin tables
of certain minerals, as bells or musical instruments.

.48, Cohesion. _
122. According to the various degrees,in which this property
" exists, minerals are described as solid ; friable or earthy ; or fluid.

419. Hardness.

123. This property, although liable to a little variation in mine-
rals of the same species, from partial decomposition or the presence
of some accidental ingredient, still constitutes an important charac-
ter. It may often of itself discriminate minerals, that occur together
and much resemble each other. It is evident, however, that it is
only the relative hardness, which can he described.

Hardness is that property in a body, which enables it to resist,
more or less, the impression of another body; and must depend on
the strength of cohesion between the integrant particles. In saying
this, however, a careful distinction must be made between the cohe-
sion of integrant particles, and that aggregation of small grains, by
which the larger masses of many minerals are formed. With the
cohesion of these grains the real hardness is often very little connect-
ed. This is evident in the case of certain sandstones, the grains of
which are sufficiently hard to scratch steel, although the mass itself
will not strike fire with steel, in consequence of its friability.

Different modes of observing the hardness of bodies have been
employed. . One method depends on the application of a file or a
knife, and the property, which some minerals possess of giving sparks
with steel. ' »

Thus a body is said to be N
extremely hard, when it receives no impression from a file; very
hard, when a file produces but little effect; hard, when it yields to
a file without difficulty, but still strikes fire with steel; semihard,
when it does not give fire with steel, and yields a little- to a knife;
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* soft, when it is easily cut by a knife, but receives no impression
from the finger nail ; very soft, when it is eully unpressed by the
finger nail.

It must be evident, however, from the preceding remarks on the
friability of certain sandstones, that a greater or less power of gmng
fire with steel cannot accurately indicate the hardness. It is also
true, that, in cutting or scraping a mineral with a sharp instrument of
steel, the apparent hardness will in part depend on the greater or
less degree of cohesion between the grains or minute parts, of which
the body is composed.

124. It is perhaps a more definite method of ascertaining the
different,degrees of hardness to determine in what order minerals
impress or scraich each other ; and in this way the hardness of a
mineral in the state of grains or 2 powder may be discovered. Ac-
cording to this method minerals must be arranged under several
divisions. Thus the first division may comprehend all minerals,
capable of scratching crystallized quartz, a substance poesessing a
very uniform degree of hardness.. The different substances, which
compose this division, are to be so arranged, as far as practicable,
that each preceding substance may be understood to scratch that,
which follows it. The second division may exhibit a similar arrange-
ment of those minerals, which are inferior in hardness to the preced.
ing, but still capable of scratching some particular kind of glass.*

Crystallized carbonate of lime may form the basis of a third di-
vision; and the last division may contain those minerals, properly
arranged, which are inferior in hardness to carbonate of lime.

20. Fracture; and structure, as indicaled by the fracture.

125. To denote that character of a mineral, which is derived from
its structure, many writers have employed the term fracture ; mean-
ing thereby the appearance of the surface, produced by a fractyre.
Indeed the terms fracture and structure are sometimes indiscrimin-
ately used. But, although the fractyre in many instances discovers
the structure of the mineral, there are several epithets, employed to
describe certain fractures, which cannot with propriety be applied to
the structure. We have ' therefore placed both terms at the head of
this article, and shall endeavor to point out. the appropriate nse of
each.

126. The structure of a mineral yndoubtedly depends on the

* In some cases sfter rubbing a mineral on glass, it is important to wipe
the glass with a wet cloth, to determine whether the trace, which may be
perceived, do not arise from particles of the mineral, adhering to the glass.
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shape, size, and arrangement of the minute parts, of which it is com-
posed. These minute parts may have the shape of little plates. or
lamine ; or they may resemble fibres ; or they may be in grains of
no determinate form. The size of these laminee, fibres, and grains
may vary indefinitely, and their arrangement may be more or less
regular,

Now it is evident, that any mineral, composed of fibres, arrang-
ed in a given order, may be said to have a certain structure, which
actually exists ip it, whether the mineral be broken, or remain entire.
In this example we should say the structure is fibrous. If this min-
eral be broken, the fibres will appear, forming the two separated
surfaces ; but the fracture has not produced the fibres.

Let us now suppose another mineral to be broken, and,.as is fre-
quently the case, let the surface of the fragments exhibit little splin-
ters, projecting above the surface, but adhering to the mineral by
one of their extremities. It would be hardly correct to say, that
this-mineral has a splintery structure ; these splinters did "not pre-
exist in the mineral ; they were produced by the fracture, that is,
thé given mineral has a splintery fracture. Still however every
mineral must have some structure; and the disposition of any sub-
stance to exhibit splinters on the surface ol its fracture must wlti-
mately depend on its structure, whatever that may be.

In the former of the two supposed cases we may indeed say,
that the fracture is fibrous, meaning the surface, produced by the
fracture, though in truth the fibres belong to the structure. But in
the latter of these cases, although the splintery appearance of the
fracture depends on the structure, we cannot with propriety substitute
the word structure in the place of fracture, and say that the strue-
ture is splintery.

We shall now describe the various fractures and structures, ob-
served in minerals.

127, Splintery fracture. The fracture is called splintery, when
the surface, produced by breaking a mineral, is nearly even, but
exhibits little splinters or scales, somewhat thicker at one extremity
than the other, aud still adhering to the surface by their thicker ex-
tremities. That part of the splinter or scale, which projects above
the surface of the mineral, becomes very thin at its extreme edges,
and hence permits a little light to pass. By this light the splinters
become visible, and may be distinguished as coarse or fine.

Even fracture. This scarcely needs a remark. The surface
produced is nearly plane, having no perceptible inequalities.

. Conchoidal jmtwe. A fracture is said to be conchoidal, when it}
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surface exhibits concave depressions, and convex elevations, as if it
had been impressed by a shell. These cavities and elevations may
be perfectly or imperfectly conchoidal; they may be large or very
small ; and the cavities may be deep or flat. Some varieties of this
fracture are with great propriety said to be undulated. When the
cavities are imperfect and small, this fracture gradually passes into
the following.

Uneven fracture. This exists, when the surface, produced by
the fracture, exhibits numerous inequalities. The elevations on this °
surface are usually sharp or angulu somewhat abrupt, and irregular-
ly arranged.  According to their size, the fracture is said to be coarse
or fine grained uneven. It passes into the followmg

Earthy fracture. The surface of this fracture is rough, the elea
vations and depressions being very minute. Minerals, which pre-
sent this fracture, have probably been formed by precipitation from
some fluid, in which they were minutely divided and suspended,
rather than dissolved. Dry or indurated clay often exhibits this
fracture. :

Hackly fracture. This is peculiar to metals. It is not easily
distinguished by the eye, but may be discovered by attempting to
pass the finger over its surface, from which very fine and sharp points
seem to project and impede the progress of the finger.

No one of the preceding fractures clearly indicates the structure.

128. Fibrous structure ; or fracture. This fracture obviously
brings to view the structure of the mineral (126). It presents a
surface, composed of fine threads or fibres. Sometimes these fibres
are too minute and delicate to permit a measurement of their breadth ;
indeed they are sometimes so very minute and closely applied to
each other, that the mineral appears compact, except in being mark-
ed with very delicate striee. From this extreme, their breadth gradu-
ally increases, till it becomes capable of being measured, and is some-
times so great, that this fracture may be viewed, as passing into the
foliated. Their comparative breadths or sizes may, however, be suffi-
ciently distinguished by the terms broad or narrow, coarse or fiue,
or capillary.® Their direction may be straight or curved. Their

% The fracture here described is often divided into two kinds. When
the fibres are too small to be measured, it is called a fibreus fracture; and
when they become broader, the fracture is said to be radiated. The distinc-
tion however does not appear to be important, nor useful. 'They are equally
Jfibres in both cases, and their comparative breadths may be sufficiently indi-
cated by the terms already mentioned. If greater accuracy be requisite in
vegard to the broader fibres, their average breadth may be estimated or ac-
tually measured.

N
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relative position may be parallel or diverging ; and in the latter
case the fibres may be radiated, diverging on all sides from a com-
mon centre, or fascicular, like a bundle of rods confined at one ex-
tremity, or promiscuous.

The broader fibres are frequently separable from each other, and
eften terminate in a crystal, which causes them to appear pointed.
Indeed minerals, having a fibrous structure, are always the result of
a disturbed crystallization.

129. Foliated or laminated structure ; or frasture.®* This frac-
ture discovers the structure. It appears in minerals, composed of
thin plates or laminz. When such minerals are broken, the fracture
exhibits laminz, having smooth, shining or polished surfaces, like
the surface of a crystal. In fact, minerals, having a foliated fracture,
are the result of crystallization ; and, when they are divided or sep-
arafed in the direction of their laminee, it can hardly be called a
fracture; it is really a mechanical division of a crystalhud sub-~
stance (37).

Several particulars are to be noticed in regard to this fracture.
‘The magnitude of the laminee may vary from very large to very small.
In some cases a single plate extends through the whole mass; in
others the plates appear like very minute scales, not easily discerni-
Ble, except by the reflection of light from their polished surfaces.
The direction of the laminee may be siraight ; curved ; undulated ;
or indeterminate, that is, lying irregularly in various directions.
Bometimes a number of plates unite in the same point, like the pet-
als of aflower.

The most important circumstance, connected with this fracture,
is the direction or directions, in which it can be made; or in other
words, the directions of the natural joints of the mineral, for it is at
these only, that a cleavage or mechanical division can be effected
(35). In some minerals thereis but one direction, in which their
component laminse can be so separated, as to exhibit a smooth, shin-
ing surface. Other minerals may be divided in two, three, or more
directions. But in all cases, where the mineral can be thus divided
in two or more directions, it is exceedingly important, that the an-
gles, which the laminse form with each other, should be accurately
measured. This measurement renders mechanical division even in

® The terms foliated—~laminated—lamellar or lamellated are all employed
to express this structure. The first may be viewed as the most general, and
as indicating nothing in regard to the size of the foliz or laminz. The sec-
end is usually applied to minerals, composed of large laminz ; and the third
to those, whose laminx are small.
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masses, which have not a crystalline form, an important character in
determining the nature of the mineral,

The fracture, of which we are speaking, is said to be perfectly or
imperfectly foliated, according as the plates separate with more or
less ease, and exhibit a surface more or less smooth and polished.
Sometimes the foliee appear only on certain parts of the surface, and
cause it to glimmer.

180. Slaty structure ; or fracture. Minerals, which exhibit this
!ﬁwture, are composed of somewhat thick and extensive layers ; but
the surfaces of the layersare not smooth and polished, as in minerals,
baving a foliated fracture. They split only in one direction. In

- fine, this fracture appears in substances not crystallized, whereas the
foliated belongs to minerals more or less perfectly crystallized.

‘When minerals appear to be composed of different layers, which
do not, however, easily separate frem each other, their structure is
rather stratified, than slaty. .

131. Granular structure; or fracture. 'When a mineral is com-
posed of grains, either large or small, but still visible to the eye, as
in sandstone, its structure may be called granular. Such minerals
are sometimes described as composed of granular, distinct concretions
{119). When the grains become invisible to the eye in consequence
of their minuteness, the mineral is said to have a' compact lexture ;
such is that of jasper.

132. In minerals not crystallized the fracture may be made in
any direction, provided natural seams be avoided. In minerals of
a prismatic form, it should be stated, whether the fracture be longi-
tudinal or transverse ; for these are often different. Thus a prismat-
ic crystal of hornblende may be mechanically divided in the direction
of its axis, thatis, its longitudinal fracture is folisted ; whereas its
transverse or cross fracture is uneven.

21. Frangibility.

138. This property can be described only in general terms; or by
comparing one mineral with another in this respect. Thus a body
may be very tough ; tough ; moderately tough ; brittle or very brit-
tle.*

. Mnch confasion arises from the diiuﬁ‘cﬁbn, which some writers make
between bristle and fragile. By opposiig’ brittle to ductile, and tough to
fragile, they bave been led to say, that certain bodies were brittle, but not frag-
ile. If these distinctions are necessary in the description of a mineral, termn
less ambiguous ought to be employed.,
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22. Shape of the fragments. ‘

134. When a mineral of a moderate size receives a heavy blow,
it usually separates into a number of fragments, which are commonly
very irregular in their shape. Sometimes, however, these fragments
exhihit a form more or less regular ; and, when the substance is crys-
tallized, the particular form results from the arrangement of the
laminz, which compose the mineral. Such fragments may be cubic,
rhombic, trapezoidal, tetraedral, &c. Even fragments somewhat ir-
. regular may sometimes be designated as cuneiform, splintery, tabular,
&c. The sharpness or bluntness of the edges of irregular fragments,
and the comparative lustre of different faces of regular fragients
may also be noticed.

28. Tenacily.

185. It is in consequence of possessing this property, that certain
substances permit themselves to be drawn into wire, or flattened
under a hammer; in the former case the substance is ductile ; in the
latter, malleable. A mineral is sometimes said to be ductile also, -
when it may be moulded between the fingers, or cut into slices. It
is called sectile, when, being cut with a knife, the separated particles
do not fly away, but remain on the mass.

24. Magnelism.

186. Itis well I;nown, that two north or two south poles of a mag-
netic needle repel each other, when broughtnear; and, on the contrary,
that a north and south pole attract each other in a similar situation.
Hence any mineral, which, being alternately presented to the two
poles of a magnetic needle, attracts the one and repels the other, is
said to be magnetic, or to pussess polarity.

If a small needle of pure iron be alternately presented to the twe
poles of a magnet, it will be attracted by both poles; because the
magnet produces in that end of the iron needle, which is nearest to
itself, a polarity contrary to its own. On removing the iron, how-
ever, its magnetism disappears. '

Hence to determine whether a given mineral possess magnetic
polarity, it is often necessary to employ a needle, which bas a very
feeble magnetic power; for, if the power of the needle be in a glut
degree superior to that of the mineral presented, each extremity of
the needle may produce in the mineral a polarity, contrary to its
own, and consequently atéraction only will appear at both poles.

Although the property of magnetism belongs only to nickel, co-
bait, and iron, and not indeed to all the ores of iren, yet, from the
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frequent intermixture of magnetic iren in ether mingrals, there is

very often occasion to notice this property. A delicate needle is

saperior to a maguetic bar for detecting the existence of msgnetism.
25. Electricity.

187. Tt will be recollected, that there are two kinds of electricity,
which are called positive and negative, or vitreous and resinous, ac-
cording as they are produced by exciting smooth glass, or any resin-
qus substance. , It will also be recollected, that, when two bodies pes-
sess the same kind of electricity, whether positive or negative, they
repel each ather ; but, if one possess positive electricity and the ata-
er negative, they attract each other.

A considerable number of minerals may be rendered electric by
friction with the hand or woollen cloth; and, when thus excited,
they are capable of attracting light badies, or of moving a delicate
electrometar.

138. Among the winerals, which are capable of exhibiting electric
properties, there are a few, whith acquire electricity by being heated,
either by simple exposure to a fire, or by immersion in hot water.
But those minerals, which are excited by heat, acquire, at the same
time, both positive and negative electricity ; but so separated, that,
on whatever part of the mineral the positive may appear, the negative
will be found on the part diametrically opposite. Thus if positive °
electricity appear on one side, or at one extremity of a crystal, nega-
tive electricity will exist on the opposite side, or at the other extremi-
ty. And itis vexy remarkable, that, in crystallized minerals, excita-
ble by heat, the oppoeite parts of the crystal, on which the two elec-
tricities appear, are almost always different from each other in their
eonfiguration, or mumber of sides, although similarly situated in ref-
erence to the crystal itself. Thus if it be a prismatic crystal of tour-
malive, and ¥ the two electricities appear at the two extremities or sum-
mits of the prism, these two summits will differ from each ether in the
number or situation of their sides.* Most frequently that part of the
erystal, which possesses positive electricity, presents the greater num-
ber of faces. On the contrary, it is usually the case, that, whena crystal
does not become electric by heat, the opposite parts are similar. Some-

® The different configuration of the opposite parts of a crystal, exhibiting
the two kinds of electricity, has been supposed to be a uniform fact. But
miore extensive observations seem:to show, that it is net always the case.
Some tourmalines from Pegu and €eylon, which give both electricities, appesr
to have both summits perfectly regular and similar. Another exception ap~
pears in the dodecaedral crystals of the borate of magnesia. (Bounnox.)
8

-
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times certain angles or faces possess positive electricity, while the
opposite angles or faces exhibit negative.

139. It may be stated as a general fact, with very few exceptions,
that stones and salts, possessing a considerable degree of purity, and
having their surfaces polished, acquire positive electricity; but, if
their surfaces are not smooth and polished, they may acquire negative
electricity, as is the case with rough glass.

Combustibles, the diamond excepted, become negatively electric
by friction. The diamond, whether polished or unpolished, always
becomes positive.

- " Ores are usually conductors of electricity, with the exception of
some metallic salts, which become positive by friction.

140. For observing the electricity of minerals the electrometer
(PL 1, fig. 12.) is the most'convenient instrument. In this figure & b
is a needle of copper, terminated at each extremity by a small ball,
and moving very easily on a pivot at the centre. At c the instru-
ment has a metallic base. If a mineral, which-hasbeen excited, either

.by friction or heat, be presented near to one of the balls, the needle
turns, whether the electricity be positive or negative ; and the force
of the electricity may be estimated by the distance, at which the
needle begins to move.

To determine which kind of electricity a mineral possesses, the
needle must previously be electrified, either positively or negatively ;
which may be done in the following manner. Let the instrument be
insulated by placing it on d, a plate of glass or resin. Having excit-
ed a tube of glass, or a stick of sealing wax; place one finger on the
metallic base ¢ of the electrometer, and then bring the excited glass or
sealing wax ¢ within a small distance of one of the balls of the needle.
‘When the needle is sufficiently electrified, first withdraw the finger,
and then remove the glass or sealing wax. If now an excited mineral
be presented to the needle, they will repel or attract each other, ac-
cording as they possess the same or opposite kinds of electricity.
But, as the electricity of the needle is known, that of the mineral
may be determined.

To ascertain the electric poles, or those parts of a crystal, which
possess contrary electricities, let a thread of silk about one fourth of
an inch in length be connected to one extremity of a rod of sealing
wax, which must then be excited. To this thread of silk, which of
course-is megative, let the sides, angles, or summits of the mineral
under. examination be successively presented; and the attraction or
repulsion observed will indicate those parts of ‘the crystal, where the
two electricities reside. ‘
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141. Sealing wax, when rubbed by most minerals, becomes nega-
tive. There are, however, a few minerals, of which the salphuret of
molybdena is one, which, being rubbed on sealing wax, communicate
to it positive electricity. In these experiments both the wax and
mineral should poasess smooth surfaces of considerable extent.

142. The power of conducting electricity, posseased by some min-
erals, may enable us to detect the existence of metallic matter; for

" this purpose the mineral must be insulated and connected with an elec-
trified conductor. It muet however be remembered, that carbon is al-
80 a good conductor of the electric fluid.

The power of acquiring electricity by heat, the eompantwe facili-
ty, with which minerals become excited by friction, and the compara-
tive strength of their electricities, often constitute important charac-
ters for determining the nature of minerals, even when cut and polish-
ed. Thuschrysoberyl may be distinguished from adylaria by the great
facility, with which the former is excited.

26. Phosphorescence,
14a A body is said to phosphoresce, when it shines with a feeble
light, unattended by any sensible heat. Some minerals exhibit this
property, when rubbed against each other, or when scratched by any
other hard body; and a few phosphoresce even when brushed by a
feather. Others must be reduced to a coarse powder, and projected,
in a darkened room, on a shovel or other body, heated but very little
below redness. Sulphuret of zinc may be examined, as an example
- of phosphorescence by friction, and the fluate or phosphate of lime, by
heat. Some minerals phosphoresce, when melted by the blowpipe.
This appearance is considered by Vauquelin, ag indicating the press
ence of lime.
This property does not appear to be esgential to those nunerals,
in which it exists; for in those species, which most uniformly phos:
phoreace, there are certain varieties, which refuse to yield this light.
Thus the variety of phosphate of lime, called asparagus stone, does
not phosphoresce ; and certain dark blue fluates of lime from Cumber-
land, England, yield no lxght whatever. (Bouzyon.) '
The color of the light is variable, being green, blue, yellow, red-
dish, &c. and may even change during the experiment amordmg to
the degree of heat or some other circumstauce.®

® In a paper, communicated to the Natlonal Institute of France in 1810, by
M. Dessaignes, it is asserted, that, when bodies pbosphoresce by an increase of
temperature, the color of the light is always blue, unless altered by the presence
of iron.
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144. In general, phosphorescence more frequently appears in min-

erals possessing color, than in those, which are limpid or colorless.
And perhaps the most interesting circumstance, attending this prop-
erty of minerals, is the connexion between the phosphorescence and
the color of the mineral 5 particularly when the former is developed
by the action of heat. In this case, as the light diminishes, the color
gradually disappears ; and, when the color has entirely departed, the
phosphorescence ceases. ("Bouznon, )

To secure a proper degree of heat in these experiments, it is per-
haps best to heat a shovel, till it becomes red ; and, having entered a
dark room, let the mineral, in a state of powder, be projected on the
shovel immediately after the redness disappears.

The time, during which equal quantities of different minerals con-
tinue to phosphoresce, is variable. Thus phosphate of lime loses ite
color and phosphorescence much sooner than fluate of lime.

27. Specific gravily.

145. The specific gravity of a body is its weight, compared with
that of another body of the same magnitude. Thus, if a cubic foot of
water weigh 1000 ounces, and a cubic foot of iron 7000 ounces, their
comparative weights or specific gravities are as 1000 : 7000, or as
100 : 700, or as 10: 70,0ras 1 : 7,

It is well known, that, when a body is immersed in water, it is in
some degree supported by the water, and consequently loses part of
its weight. This loss of weight is also known to be precisely equal
to the weight of a quantity of water, of the same magnitude, as that
of the body immersed. If then we weigh a body in air, we have its
sbeolute weight 5 if we weigh the same body in water, we have the
absolute weight of a bulk of water equal to that bedy ; for it is equal
to the weight, which that body loses in water. We hence have the
absolute weight of two different bodies of equal bulk; and the ratio
of these weights is the ratio of their specific gravities.

For convenience, however, the weight. of a given bulk of some sub-
stance must be assumed, as a standard or unit, with which to com-
pare the weight of the same bulk of all other bodies. In this case ene
number is always sufficient to express the specific gravity of a body,
because the standard unit is understood.

For the purpose of a standard, distilled water is usually emploi
ed, a cubic foot of which weighs 1000 avoirdupois ounces. This, we
have already seen, may be called 1000, or 100, or 10, or 1, adding -
decimale as far, as necessary. If we assume 1, as the standard, the
following proportion will give the specific gravity of all bodies heavi-
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or than water y—as the weighty which a body loses in water, is to ite
absolute weight, so is 1 to the spec. grav. required.. If the mineral
be lighter than water, add the weight, which is necessary to make it
gink in water, to its weight in air, and then uy,ndm suwm s to its
weight in air, eo is 1 to the spec. guvlty

146, On the preceding principles is founded the method of taking

" specific gravities by the instrument, commonly called MNicholson’s
Portable Balance (Pl 11, fig. 21).

The body: of this instrument is a hollow cylinder of tinned iren, of
which each extremity a and b terminates in a cone. From the vertex of
the upper cone a small stem of brass a ¢ rises perpendicularly, bear-
ing on its wpper extremity a small tin cup d. From the vertex of the
lower cone is suspended a similar cup e, attached to a cone of lead
undernexth it, as & ballast. Both the cups may be removed, when
the balance is not in use,

‘When this instrument is placed in a vessel of water, a portion of
the cytinder ought to swim above the surface of the water. The tin
cup & is then to be londed with weighls, till the instrument sinks so
far, that the surfage of the water may exactly coincide with a mark
near f on the brass stem. The quantity, necessary to make the in-
strument sink thus far may be marked on the cup, as a given quanti-
ty for future use. Suppose this quantity to be 600 grains, which may
be called the dalance weight, and will serve for taking the specific
gravity of any substance, whose absolute weight is not greater tham
that of the balance weight.

To ascertain the specific gravity of a mineral, place it alone in the
upper cup, and add weights, till the mark on the stem coincides with
the surface of the water ; and suppose this to be 210 graims. Sub-
tract the 210 grains from the balance weight of 600 grains ; and the
remaining 390 grains is the absolute weight of the mineral in air.
Let the mineral be now removed to the lower cup ; but, as it weighs
less in water, than in air, the mark on the stem will rise a little above
the surface of the water. Additional weights must now be placed in
the upper cup, till the mark on the stem again coincides with the sur-
face of the water. Suppose this to be 80 grains, which will of course
be the weight of a quantity of water precisely equal in bulk to the
mineral, 'We now have the absolute weights of equal bulks of water

) and of the mineral ; then say, as 80 : 390 1.000,: 4.875, the spec.
(gavity.

. If the mineral under examination be lighter, than water, it must
be tonfined, when weighed in the lowey cup; and the weight of what-
ever confines it is to be regarded, as bélomgingto that of the inetre-

N
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ment. Inotherrupecﬁﬂneprocm is the same, a8 the |
But, as the mineral is lighter than water, it is evident the oeeond
term of the proportion will be less than the first.

If the mineral very sensibly absorb water, which fact may be
discovered by the gradual sinking of the instrument, after the speci-
men is placed in the lower cup, although no additional weight is put -
into the upper cup, the weight of the water imbibed must be ascer-
tained by again weighing the mineral in air; and is then to be added
to the first term of the proportion.

Some minerals are rapidly dissolved in water. In such ceses
some other fluid, as oil of turpentine, may be employed ; or the wa-
ter may be prevmusly saturated with a portion of the same idt,whon
. specific gravity is to be taken.*

147. The spec. gravity of minerals, belonging to the same spe-
cies, often varies a little, either from the accidental mixture of color-
ing matter or other foreign ingredients, or from a more or less inti-
mate combination of the component parts. But, notwithstanding
these variations, the character drawn from the spec. gravity is exceed-
ingly useful. For by taking the mean spec. grav. of several speci-
mens of the same species in a state of as great purity, as can be pro-
cured, something like a standard of spec. grav. for every species may
be obtained. In crystallized minerals, not obviously impure, the va.
riation from the mean, will probably be within the limits of one fifti-
eth above or below. In substances not crystallized it must be great-
er, especially in certain species of ores.

SECTION IIL.

Chemical Characters.

148. The characters to be described in this section are called
chemical, because it is the business of chemistry to discover and ex-
amine them. They are all to be ascertained by experiments, which
produce a partial decomposition of the mineral, or a separation of
its integrant particles. In most cases these characters are exceed-

® The preceding experiments are supposed to be made with distilled water
at the temperature of about 62° Fahr. But, when common water, at a
different temperature, is employed, the true spec. grav. of the minera] in dis-
tilled water, at the proper temperature, must be determined by calculation ;
for the method of which, reference may be made to treatises on hydrostatics.

But in those cases, where the greatest precision is not requisite, rain wa-
ter, at a temperature near to 63°, will give results sufficiently accurate.

Fluid minerals are few in number. and rare. For methods of ebtaining
sheir specific gravity, reference may be made, as above.
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ingly important ; miore especially when the properties, on which they
depend, belong to the nature of the mineral, unaffected by any acci-
dental circamstance. Their number is indeed considerable, though
but very few are commonly employed ; and these depend on very
simple experiments, easily performed, and reqmnng very little appa-
ratus. A complete ‘analysis of the mineral is not included in the
'chmcters, of which we now speak.

1. Fusibility.
- 149. When the fusibility of a mineral is mentioned, it is always
to be understood, that the flame is supported by atmospheric air, un-
less the contrary be expressed. For, when oxigen gas is employed,
many minerals, usually called infusible, are easily melted.

In order to derive the greatest benefit from the fusibility of min-
erals, as a distinctive character, the precise temperature, at which
they melt, when in & state of purity, as well as the results of their
fusion, ought to be known. The most common method of ascertain-
ing the temperature is by Wedgewood’s Pyrometer ; but this instru-
ment, not always uniform in its results, involves the use of a forge,
which it may not always be convenient to employ ; it is also difficult
to inspect the process on account of the great heat.

150. The most convenient and useful method of examining the
fusibility of minerals is by the blowpipe. It is true we do not here
discover the temperatures, at which fusion takes place; we have,
however, the advantage, not only of inspecting the different products
of fusion, but also of observing the manner of fusion, that is, the va-
rious appearances, which miverals present, while melting. Even
these appearances are often very characteristic, and greatly assist in
determining the nature of the mineral.

The blowpipe is an instrument too well known to require & mi-
nute description. The tube should be composed of two different ma-
terials, as metal and wood, or metal and ivory, to prevent the com-
munication of heat to the fingers and mouth. The flame, which is
directed by the blowpipe towards the mineral, assumes the form of a
eone, whose sides, however, are not very well defined. But within this
flame appears a second conical flame, well defined, and of a blue col-
or; and it is at the vertex of this second cone, that the greatest heat
exists. In many cases it is expedient to heat the mineral at the ver-
tex of the outer cone, before it is exposed to the intense heat of the
blue flame.

151. Much depends on the size of the fragment to be melted, and
on that of ita support. Itis essential, that the fragment should be
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extremely small, never exeeoding & grain of pepper; ebhorwise a pest
of it will be without the focus of heat, and may prevont a cosplete
fusion by cooling that part, which is within the foens.

Various methods, depending on the nature of the mineral, mmet
be employed for supperting the fragment befare the flame. Very
small forceps will be sufficient, when the mineral has but little fusiv
bility. For substances easily fusihle a amall platina or silver apesn
may be employed. It is important, that these metallic supports
should be very‘small, that they may not absorb too much caloric.
‘When metallic oxides are to be reduced, a piece of very compact
oharcoal forms the best support. A small cavity is made in the char-
coal, in which even minerals in a state of powdermay be eonvenientty
examined, especially if the cavity be partly eovered by anether piece
of charcoal.

152, Minerals, while exposed to the aetion of the blowpipe, ex-

_hibit very different appearances, which, being directly before the eye,

are easily observed, and should be minutely described. Sometimes
their color is changed, or entirely disappears. Some minerals de-
crepitate, others split or exfoliate, when exposed to the flame. Some
indurate and contract their bulk; others effervesce, ar, rising in
little blisters, melt with intumescence. It is also important to no-
tice the vapor or odor, which may escape during the experiment;
even the color, which some minerals communicate to the flame, is to
be regarded.

153. The degree of fusion, and the results obtnined, are to re-
ceive attention. On some minerals the blowpipe produces no effect
whatever; others are partially fused; and others again melt with

t ease.

The results of fusion may depend in some degree on the intensity
or continuance of the heat, as well as on the nature of the mineral.
Seme minerals by the action of the blowpipe are merely softened, and
alter their shape a little ; or, if the substance be in loose grains, they
become agglutinated. Others are converted into a kind of porcelain,
in which only a few points are vitrified. Some melt into a slag, which
is a compact substance, containing metallic matter; others yield a
tumefied mass, or are reduced into a scoria, which is light and porous;
and others give an enamel, which has a vitreous aspect, but is not
transparent ; sometimes the enamel is only superficial.

Many minerals, when melted, yield a globule of perfect glass,
which, in different substances, has various colors, and possesses dif-

ferént degrees of transparency. Both enamels and glasses are some-

times porous or vesicular.
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When minerals contain foreign ingrediénts, their fusibility and
the appearance of the product may be much altered.

The greatest heat of the blowpipe, according to Kirwan, never ex-
ceeds 130°, on Wedgewood’s Pyrometer ; but Brongmart extends it
- to nearly 150° on the same stale.

154, The compound blowpipe, sometimes mentioned in this trea-
tise, is a very ingenious and valuable instrument, invented by Mr.
Robert Hare, of Philadelphia. In this instrument the heat arises
from the combustion of a united stream of hidrogen and oxigen gases 3
and there :is scarcely any substance, not cembustible, which it does
not melt. Professor Silliman, of Yale College, was early associated
with Mr. Hare in his experiments, and has since greatly extended
them. See Bruce’s Min. Journal, vol. i.

155, Certain substances, called fluxes, are sometimes added to the
fragment under examination to promote its fusion; and by their as-
sistance many minerals, otherwise infusible, may be melted. There
are some cases, however, in which the mineral, although not really
melted, unites with the flux, in which it appears to be minutely di-
vided and suspended, or even dissolved. It is to be remember-
ed, that the appearances of the mineral during fusion, and alse

" the results of fusion are variously modified by the action of fiuxes.
The same flux becomes differently colored by different minerals
and different fluxes receive different colors from the same mineral.

One of the fluxes most commonly employed with the blowpipe
is the sub-borate of soda (borax). In some cases the color, commu.
nicated to the flux by metallic oxides, may assist in determining the
kind of metal present.*

2. Jdction of acids ; and other tests.

156, In most cases it is best to employ either the nitric or sule
phuric acid. The only apparatus for these experiments is a piece of
glass; and nothing is more convenient, than the crystal of a watch.
A small fragment of the mineral is o be placed in the glass, and &

¢ It is sometimes necessary to operate on larger masses, than can be ex-
posed to the flame of a blowpipe. In this case recourse may be had toa
crucible, placed in a forge, which, on some accounts, is preferable to a wind
farnace. And although the greatest heat of a common forge does not exceed
125° W. yet, by ' means of a large bellows, heavily loaded, the heat may be
raised to 168° W. When the hearth of the forge has become heated by a
previous experiment, the greatest heat may be obtained in less, than half an
hour. It is often proper to examine the ores of metals in a crucible, making
‘ase of suitable fluxes; especially when an opinion is to be formed concerning
the expediency of mrl;ing such ores in the large way.
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sufficient quantity of acid poured on to cover it. If the acid have
any action on the mineral, it is then to be observed, whether the so-
lution take place quietly, or with effervescence; and, when a gas
arises, its properties are to be noticed. In some cases the solution
is complete; in others a residue is left; and semetimes the solu-
tion is gelatinous. It is also to be observed, whether a mineral lose
its color by solution, or communicate color to the solvent; whether
it dissolves, when in grains of a sensible magnitude, or only when re-
duced to afine powder ; in fine, whether the solution can be effected
at the common temperature of the air, or only by the assistance of
heat.

Liquid ammonia may in certain cases be employed with advan-
tage, as a test. In fact, the chemical characters may be indefinitely
multiplied, according to the nature of the mineral. Some, not here
noticed, will be mentioned under the minerals, which exhibit them.

CHAPTER III.

SYSTEMATIO ARRANGEMENT OF MINERALS.

Y

SECTION 1.

General principles of arrangement.

157. TxE same reasons, which require a distribution of Natural
Science(1) into different branches, render subdivisions and system-
atic arrangement in each branch péculiarly important and usefal.
Indeed without a systematic arrangement of facts, these branches of
knowledge could not be considered sciences; for every ‘science in-
volves a knowledge not only of facts, but of the mutual relations,
which exist between these facts ; and these relations are the basis of
scientific arrangement. Hence to obtain a knowledge of the science
of mineralogy, we must examine the properties of minerals, compare
them with each other, and, according to the results of this compari-
son, establish a systematic arrangement.

158. Such arrangements have already been successfully effected
in Zoology and Botany. The subdivisions, most commonly em-
ployed in those two kingdoms, are the following, descending from
the larger to the smaller; viz. class, order, genus, species, and va-
rieties. Of these divisions the' species is undoubtedly the most im-
portant, and ought to be first formed.

159. In arranging a system of bodies our attention must be di-
rected to the differences as well, as resemblances, which exist between
the bodies to be arranged. Thus, if we compare certain plants, for
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example, we shall find them to resemble each other in most of their
properties, although in some less important properties they may
differ. If we neglect those properties,in which they differ, and
confine our attention to the points of resemblance only, we can form
these plants into one group, which is called a species ; and all other
plants, possessing the properties, whieh are common to this group,
will belong to the same species. The differences, which exist between
the plants, belonging to this group, may be employed inr subdividing
the species into varieties.

Let several groups or species be formed according to the same
principle. If now we compare certain groups or species of plants,
we shall perceive them to agree in some¢ properties, while in others
they are unlike. Abstracting the attention from those properties, in
which these species differ, and regarding their reseinblances only, we
can form them into one group, which is called a genus. Here the
points of resemblance characterize, the genus, and those of difference,

s the species. By similar comparisons and abstractions we may pro-

ceed to establish orders and classes. It must be evident, however,
that the properties, employed to form the species, are more nume-
rous, than those, which determine the genus; and thus continue to
diminish, as we ascend to the higher, divisions.
- 160. The same general principles, so far as they are applicable,
ought undopbtedly to be employed in arranging the mineral king-
dom. But here difficulties arise, which do not exist among animals
nor vegetables. These difficulties originate from the inorganic nature
of minerals, and make their appearance at the very foundation of
the arrangement, viz. in forming the species.

161. Could we satisfactorily determine what constitutes a species
in mineralogy, little difficulty would remain in forming the other di-
visions. Deprived of organization, a mineral has not the power of
reproducing another like itself. In organized bodies, on the contra-
ry, this power of reproduction preserves all the species perfectly
distinct, however nearly they may resemble each other in their gene-
ral properties. Further, in bodies possessing organic structure, one
species can never pass into another by imperceptible degrees ; where-
as minerals, being formed merely by the juxtapesition of their parts,
and being continually subjected to the influence of external agents, .
during the period of their formation, are frequently contaminated by
substances, foreign to their true composition ; and individuals of dif-
ferent species are thus made to approach indefinitely near to each
other in their appearance and properties. It must hence be obvious,
that no emall difficulty attends the determination of the species in

/7
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mineralogy ; and a::cordingly we find, that different opinions have
been entertained, and different methods employed.

162. So great in fact has been the diversity of opinjons on this
subject, that scarccly any two persons have adopted precisely the
same division of minerals into species. But, neglecting the minor
and unimportant differences bgtween the various methods of arrang-
ing minerals, we may reducc them to two, which may be called the
mingralogical and chemical metliods; the former depending chiefly
on the external characters of minerals, the latter on their chemical
eomposition.

Some indeed have employed the structure and form of crystal-
lized substances, more particularly the form of their integrant par-
ticles, as the leading principle of the arrangement. It is perfectly
obvious, however, that this principle is limited in its application,
for all minerals are not crystallized. But its results coincide very
remarkably with those, obtained by the chemical method. Indeed
the Abbé Haijy, who first directed the attention of mineralogists to
this method of arrangement, has, by examining the structure and
form of some crystallized minerals, in a certain. degree anticipated
the results of analysis,

163. In that, which we call the Mineralogical method, the species
js determined by the external ‘characters, Hence, those minerals,
which possess the same external characters, are supposed to belong
to the same species ; and consequently, if two minerals differ jn
their external characters, they must be referred to different species,
although the results of analysjs should declare both minerals to be
the same substance. ‘

164. In the Chemical method the species is determingd by the
true composition of the mineral, so far as thgt can be ascertained.
Hence, if the composition of two minerals is known to be the same,
they are supposed to belong to the same species, although their ex-
ternal characters should be more or less different.

165. It must however be remarked, that, in the present state of
our knowledge, neither of these two methods can be rigidly adopted,
and thus each preserved perfectly distinct. Even those, who depend
most on the use of the external characters in arranging minerals, are,
in many cases, evidently guided by chemical principles. And, al-
though these methods so materially differ in principle and in some
parts of the resulting arrangement, still there are many points, in
which they coincide, that is, a large number of species are the same
in both methods. This coincidence results from the fact, that mine-
rals, which possess similarity of composition, geperally exhibit a re-
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semblance in their external characters. This, however, is not always
the case.

166. As each of the aforementioned methods of arranging mine-
rals has received the support of very respectable mineralogists, it is
proper to give the outlines of both, whichsoever may be adopted as
our guide in the following work. In describing that method, which
depends essentially on the use of the external characters, our at-
tention will be confined to the system of Professor Werner, as it
has been delineated by his pupils. In stating the principles of the
chemical methed, there will be occasion to refer to the arrangement
of mjnerals by the Abbé Haiiy.

SECTION II,

JArrangement of minerals, according to the syslem of Werner.

167. The Wernerian arrangement of minerals is, in a certain
degree, a mixed method. But, as the species, the most important
division, is determined almost uniformly by the external characters,
it cannot with propriety be denominated a chemical methed, although
its divisions may not unfrequently correspond with chemical results.
The basis of the Wernerian system, as stated by Professor Jameson,
an intelligent mineralogist, who has attended the lectures of Werner,
is % the natural alliances and differences, observable among minerals.”
{Jameson’s System of Mineralogy i, Introd. p. xxiii.) These alli-
.apces and differences are there said, on the authority of Werner, to
depend on the quality, quantity, and mode of combination of the
constituent parts. But it is expressly asserted by Prof. Jameson
(Introd, p. xxiv), that Werner « does not pretend, that his arrange- \
ment shall always correspond with the experiments of the chemist;
for it is only when chemical results agree with the natural alliances
of the mineral, that he gjves them a place in his system.” It is also
said (p. xxv of the same Introd.), that “a chemical oryctognosy, in
#o far, as it stands in opposition to the natural alliances, observable
among minerals, must be re;ect 3” and it is added (p. xxxvi),
that the greater number of species m the mineral kingdom have been
# arranged solely by agreements and differences in the external char-
acters.” The preceding authority is sufficient, it i8 conceived, for
asserting, that the Wernerian arrangement essentially depends on
the use of the external characters; and the system. itself, in many
parts, affords indubitable evidence of the same fact.

The divisions and subdivisions, introduced by Werner into the
mneral kingdom, are the following, taken in a descending seneo;
yiz. class, gem, species, subspecies, and kind,

Y
-
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168. The number of classes is four; viz. earths and stones ;
salis ; combustibles ; and ores. This division was first introduced
by Cronstedt about the middle of the last century.

169. Each class is subdivided into genera. In most cases the
genera are determined by the earth, or salt, or combustible, or met-
al, which is supposed to be either the predominant, or characteristic
ingredient. It will be noticed, that a distinction is here made be-
tween the predominant and cheracteristic ingredient. It is indeed
commonly the case, that the characteristic ingredient, or that, which
is most effective in producing the peculiar characters of the mineral,
i8 also predominant in quantity. But there are some minerals, which
do not appear to be characterized by that ingredient, which is present
in the largest proportion. This distinction is undoubtedly important 3
and could we, in cases of minerals, composed of several earths, esti-
mate the relative energies as well, as the relative quantities of the
different ingredients, we might ascertain what is essential to the true
composition of such minerals.

170. The first or earthy class contains nine genera. Seven of
- these are determined by the predominant or characteristic earth;
viz. the zirconian, siliceous, aluminous, magnesian, calcareous, ba-
rytic, and strontian genera. They, however, exhibit a number of
anomalies. Thus sapphire is placed in the siliceous genus, although
it is nearly pure alumine; and opal, which, in some varieties, does
not contain a particle of alumine, is nevertheless referred to the
aluminous genus.

But sapphire and opal are thus arranged in perfect consistence
with the true principles of this system. For the fact appears to be
this; a certain number of external characters, which siliceous mine~
rals usually exhibit, being assumed as generic characters, or as a type
of the genus, every mineral, possessing these characters, whether it
contain any silex or not, is arranged under the siliceous genus.

We have mentioned seven of the genera, belonging to the first
class; the remaining two are introduced into the earthy class, merely
in consequence of possessing certain external characters, and in di-
rect opposition to their true composition. One of these is the dia-
mond genus, composed of pure carbon, and belonging tv the class of
combustibles. 'The other is called the hallite genus (from the Greek
@, a salt), because the minerals, which it contains, resemble native
salts ; and they are in fact true salts.

171. The second class, salts,is divided into four genera ;
carbonates ; nitrates; muriates ; and sulphates of the alkalis, eartbs,
and metallic oxides. But the term salts is here to be understood in
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a much more limited sense, than when employed by chemists. It
includes only those salts, which have some taste and a considerable
degree of solubility in water.

172. Combustibles, which form the third class, are also divided
into four genera; viz. sulphur; bitumen s graphite ; and resin.

173. The class of ores contains as many genera, as there are
distinct metals, found in the state of an ore.

In forming and naming most of the genera, even in this system,
mineralogists have been more or less guided by chemical principles,
whatever deviations may exist in the arrangement of certain species.
In forming the metallic genera an attention to the constituent parts
of {minerals is unavoidable ; for, were these genera to be established
by external characters, independent of chemical analysis, the varigus
species of ores, belonging to the same metal, would not always be
collected into the same genus. Indeed several species of ores would
undoubtedly be arranged among earthy minerals. Thus no one, re-
lying on external characters only, would associate carbonate of lead
" with the other ores of that metal, nor even place it in any metallic

nus. -

& 174. The genera are subdivided into a greater or less number of
species ; and these, as before remarked(167),are determined almost
uniformly by the use of the external characters. It is true, indeed,
that Werner, in the introduction to his treatise on External Charac-
ters, says, that all minerals, which differ essentially in their chemical
compositioh, ought to form different species; and that those, which
do not differ essentially in their composition, belong to the same spe-
cies. This principle, however, is indefinite, and in many cases ea-
tirely useless in establishing the species, unless we are informed
what constitutes an essentéal difference in chemical composition.
Indeed the aforementioned principle seems to be practically admitted
only on the supposition, that the external characters are alwaysa
true index of the chemical compositions and, of course, that all es-
sential differences in composition are clearly indicated by correspond-
ing differences in the external characters. For, whenever the exter-
nal characters and chemical composition are at variance, the species
is determined solely by the external characters. The truth of this
- will appear by referring to the two species Apatit and Spargelstein
of Werner ; both of which are phosphate of lime, and really consti-
tute but one species, although somewhat different in their external
characters. Gypsum and selenite are in a similar aituation.
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When the species is extensive, it is subdivided into subspeciés 4
and these are often further divided into kinds.*

175. A careful examination of this system will render it extreme-
ly probable, that its author has, in some instances, supposed his dis-
tinctions to be formed by external characters alone, while, though
perhaps unconscious of the fact, he has been in a great degree guided
by the sure light of chemistry. In many instances, however, no one
will deny, that the distinctions depend on external characters alone.

In favor of this system it is urged, that the use of the external
characters enables us in a moment, almost by a glance of the eye, to
ascertain the species, to which a given mineral belongs ; and also to
describe that mineral in a very concise manner, but, at the same
time, 8o accurately, that another person may recognise it. It is also
asserted, that, by enumerating every external character, a complete
picture of the mineral, or rather of the species, to which it belongs,
is presented to the view; and that the aggregate of external charac-
ters, exhibited by a given species, can never be found in a mineral
of a different species, although a number of the characters, included
in that aggregate, may be common to both species.

On the other hand, it is objected to this system, that the method,
which it employs for determining the species, is not scientific; being
founded on principles both arbitrary and variable; and that conse-
'quently different species are often formed without any specific dif-
ference. It is also objected, that, although the aggregate of external
characters be presented in description, no discrimination is made
between those, which are specific and distinctive, and those, which
are not so. ‘Hence the most unimportant characters appear in the
description of equal value with those, which are really distinctive,
and the reader is of course unable to characterize the species. Itis
further objected, that those, who adopt this system, so rigidly avoid '

-all experiment, that, in their descriptions, they do not avail them-
selves of all the advantages in their power. Thus they express the
hardness of minerals very indefinitely, as pretly hard, &c.; they
give the specific gravity of bodies by estimation, saying middling
heavy, &c. instead of obtaining it by experiment ; and they decline a
measurement of the angles of crystals, although this measurement
would render the crystalline form and structure characters of the
first importance.

It is obvious, that some of the preceding objections, though perfect-
ly just, and true in fact, do not necessarily attach themselves to the

® Inthe earthy class certain species, baving a general resemblance, are

_often collected into familics.
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ystem, as' they have no connexion with the divisions and arrange-
ments, which it proposes.

SECTION IIL
Jrrangement of minerals, according to their chemical composi-
tion, or constituent parts.

176. We are now to direct our attention to that arrangement of
minerals, which is designed to be strictly chemical. But, in order
the more accurately to estimate the merits of the chemical method,
it must be rememnbered, that our only object, at present, is to establish &
systematic arrangement, or classification of minerals, on certain fixed
principles—~To describe a mineral in such manner, that it may be
easily recognised and referred to its place in a system already form-
ed,is a distinct objects and permits the use of those properties of
minerals, which would be insufficient to determine the arrangement

_itself. ‘The mode of describing minerals will constitute the subject
of the next section.

177. We have already remarked, that the species, the most im-
portant division, ought to be first formed.

It must be extremely obvious, that those minerals, which most
resemble each other, belong to the same species. We are then to

.inquire what constitutes the most perfect resemblance between two
or more minerals. Can similarity of color, form, fracture, hardness, ;
&ec. constitute a resemblance so perfect, as that, which arises from
identity of composition ? Or can a difference of color, form, fracture,
&c. establish 8o important a distinction between minerals, as that,
which is produced by dissimilarity of c