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PREFACE.

TaE tardy progress of Mineralogy in this country, and in England, pre.
sents a striking contrast with its rapid advancement in continental Europe.
The new systems of classification, and the various methods of crystallographic
examination, which every passing year has there produced, evince alike the
activity and penetration of its zealous cultivators. The principles of Crys-
tallography, as developed by the Abbé Hauy, the memorable founder of this
Science, were immediately, on their publication, hailed as new light, and for
a time, his methods of calculation were expounded by different authors, and
his crystallographic nomenclature and notation very generally received. But
the more elegant and much simplified systems, soon after developed by the
German philosophers, and, at the present time universally employed by them
in all crystallographic investigations, are, to a great extent, unknown in the
English tongue ; and wholly so, if we except the valuable translation of Moas
by Hamineer, and the various memoirs of unusual merit by the latter,
and also by the Rev. Wx. WaewerL. In addition to these improvements,
we are also indebted to the illustrious Monms for a Natural Arrangement of
the Mineral Species, by means of which Mineralogy has been elevated to its
proper rank among the Natural Sciences. The hope of filling up, in some
degree, the existing blank in these departments of American Mineralogical
Science, and of contributing to its advancement, by combining the various ex-
cellencies from the most valuable works on this Science, has induced the au-
thor to offer the following Treatise to the American public.

The classification of the mineral species, which is here adopted, is strictly
a Natural Arrangement. The superiority of this method is exhibited in the
body of the work, and in connection with the remarks on Chemical Classifi-
cations, in Appendix B. Although founded by Mons on the external char-
acters of minerals, it exhibits, in a considerable degree, the chemical rela-
tions of the species; and those who are accustomed to prefer a chemi-
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cal arrangement, will probably perceive that, in addition to such qualities as
appear to recommend the chemical method, it possesses other advantages not
less important.

The changes which have been made in the nomenclature of minerals appear
to be demanded by the state of the Science. The present names, excepting
those proposed by Moxs, are utterly devoid of system, unless we may consider
such the addition of the syllable ite to words of various languages; and even
this glimmering of system has been capriciously infringed by a French min-
eralogist of much celebrity ;—they seldom designate any quality or character
peculiar to the mineral ; neither do they exhibit any of the general relations
of the species, by which the mind may, at a glance, discover their natural
associations, and be assisted in obtaining a comprehensive view of the Sci-
ence. On the contrary, they are wholly independent, and often worse than
unmeaning, appellatives, and are only tolerable in a very unadvanced state of
- the Science. As a necessary consequence of this looseness of nomencla-
ture, most of the species are embarrassed with a large number of synonyms,
a fertile source of confusion and difficulty.

As a remedy for this undesirable state of things, a system of nomencla-
ture, constructed on the plan so advantageously pursued in Botany and Zo-
ology, was proposed by the author in the fourth volume of the Annals of the
New York Lyceum. The necessity for something of the kind is very ap-
parent, and the author trusts that it will not be considered a needless innovation.
The progress of knowledge is much retarded by a reluctance to change with
the advancement of Science. “In general,” to use the words of one entitled
to speak with authority, “ nothing which tends to render any of the parts of a
science stationary, can be beneficial to it ; the whole should together advance
as discovery and information multiply.” (Berzelius : Traité de Chim. t. I.)

The mutual dependence of the forms of crystals and their optical prop.-
erties, might have afforded an additional method for determining the system of
crystallization of minerals. For our knowledge of this subject, we are princi-
pally indebted to Sir Davip Brewsteg, for a full and systematic exposition of
which, from his able pen, Science has long and anxiously waited. His various
articles in the Scientific Journals, and in his separate publications, encourage us
to expect that in a more advanced stage of Optical Science, this may prove one
of the most important and available aids to the crystallographer. In the
chapter on Double Refraction, the connection of refraction with crystalline
form is briefly stated.

The curious discoveries of SAvART, concerning the acoustical properties of
crystals, promise another means for ascertaining the crystalline form. This
philosopher has been enabled to infer the primary planes of & crystal of quartz
from the sound and acoustical figures produced by their vibration. Much
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farther investigation will, however, be required before this subject will be suf.
ficiently systematized to become practically useful,

. It will be obeerved that the method of lettering crystals is somewhat peca.
liar. The custom of indiscriminately distributing letters on the planes of crys-
tals, secures no advantage beyond that of merely designating these planes.
The method employed affords important aid in determining the situation of
planes. Its analogy to NAuMANN’s method of notation, explained in the Ap-
pendix on Mathematical Crystallography, is manifest without particular illus-
tration. ‘The system proposed by the author, in the twenty-eighth volume of
SiLumaN’s American Journal of Science, is relinquished.

In the classifications for the determination of species, a tabular arrange.
meat has been preferred. A similar method was employed as early as 1771,
by Dr. Jorn HirL, who, in his work on Fossils, arranged the minerals then
known, in tables, exhibiting in separate columns their specific characters, ¢ un.
der the heads of Form, Hardness, Weight, Surface, Colour, and Qualities, as
distinguished by the taste, smell, or touch.” In the construction of the ar-
rangements adopted, I have not been averse to the introduction of any character
that could aid the student. With the assistance both of the blowpipe and of acids,
the difficulties are sufficiently great; and by rejecting these aids, we deprive
ourselves of what are frequently the most convenient, and often the only
methods that can be employed.

The treatise on the calculation of the dimensions and angles of crystals,
from the masterly work of NAuMANN, is placed in the Appendix ; not on ac-
count of its inferior importance, but simply because of its somewhat unattract.
ive appearance. The value of crystallographic calculations in the examina-
tion of the mineral species, and the importance they will probably be discov-
ered to possess, in elucidating the principles of isomorphism and the relations
of crystalline form and chemical composition, entitle this subject to high es-
timation, both with the chemist and mineralogist. The only preliminary
knowledge necessary, is an acquaintance with the principles of algebra and
trigonometry : with these, the treatise on analytical geometry is readily
mastered, and the application of the same, in the succeeding sections, be.
comes easily intelligible. It may demand of the student patient and perse-
vering study ; but the advantage of the knowledge, when obtained, and the
increased interest the science will derive from these elegant and interesting
developments of the structure of crystals, will amply reward his toil.

In preparing the descriptive part of this work, I have freely availed myself
of the labors of the best authors; and more especially the learned Trea-
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tises of Mons and of Roeger Avrzan. The recent copious “ System of Mine-
ralogy and Geology,” by THoMAS THOMSON, has also afforded me much as-
sistance. Very many of the analyses herein given, and the references there-
with connected, are derived from that elaborate work. For most of the obser.
vations on the names of the minerals known to the ancients, I am under
obligation to the “ Ancient Mineralogy” of Prof. N. F. Moore. The noti.
ces of the localities of American minerals, have been principally drawn from
the late T'reatise by Prof. SEEPARD, & work which has tended much to advance
and elevate American mineralogical science. Occasional reference has also
been made to the valuable works of CLEAVELAND and EmmMons. The va-
rious scientific Journals of the country have also been consulted, and espe-
cially that extensive repository of the scientific labors of our countrymen,
SiLLmvaN’s American Journal of Science.

A few minerals here introduced, have not been provided with systematic
names. It appeared advisable to forbear naming them, until their specific
characters are more fully established.

The Catalogue of foreign works on Mineralogy comprises the fathers of
the Science, with a selection of the more important treatises of modern times.
The American catalogue is intended to record not only all separate works,
but likewise all mineralogical articles of any importance found in the trans-
actions of learned societies, in scientific journals, and other periodicals. This
is doubtless incomplete ; nor is it possible, without long continued labor, to
render it perfect. I trust that the difficulties attendant on its execution, will
be a sufficient apology for any omissions which may be detected.

My grateful acknowledgments are due to Prof. SiLLmMaN, who, with his
accustomed liberality, has granted the freest access to his extensive library.
I have, by this means, been enabled to examine at an early date most of the
important European journals, and thus to include the latest discoveries.

1 would also acknowledge the constant kind attentions of my much esteemed
friend, Mr. Epwarp C. Herrick, to whom I am indebted for many valuable
suggestions.

New Haven, May 1st, 1837.

CorrzcrioN.—Since the printing of this work I have been informed by Dr. Pgs-
crvaL, who, with Prof. Sgeparp, has lately been engaged in the Geological Survey
of this State, that the supposed mountain of Saussurite, at Canaan, (see p. 388) is
a low ridge of limestone, containing beds of white pyrozene.
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INTRODUCTION.

COMPARATIVE VIEW OF THE NATURAL SCIENCES.

1. THE productions of our globe naturally distribute themselves
into three grand kingdoms, the Animal, the Vegetable, and the
Mineral ; and our knowledge of their external characters, is com-
prised in the Natural Sciences, Zoology, Botany, and Mineralogy.

The two first kingdoms include all beings possessed of vitality :
beings which increase by an assimilation of nutritive substances,
taken internally ; which arrive at maturity by a series of success-
ive developments ; whose parts are mutually dependent, and can-
not be separated without destroying the perfection of the indi-
vidual ; which, after a certain lperi , lose the capabiliz of con-
tinuing the usual functions of life, and consequently die. The
powers of vitality beinF no longer present to counteract decompo-
sition, death is soon followed by a complete destruction' of the
original living being.

he Mineral kingdom, on the contrary, contains those natural
objects that are not possessed of life: objects which increase by
accretion merely, or an external addition of particles, unaltered by
any powers of assimilation in the object; which are equall Ker-
fect in the embryo state, or at the earliest commencement oty their
formation, and in the enlarged individual ; whose individuality is
Rnot destroyed by a separation of parts; whose formation is origi-
nally the result of chemical attraction, and, consequently, they are
not, from their nature, necessarily liable to decomposition.

Mineralogy comprises the two distinct, though closely allied
sciences, Mineralogy proper, and Geology. 'The former considers
minerals as independent bodies; the latter, in their dependent re-
lations, constituting soils and various rocks. It is the object of
Mineralogy to describe the individual qualities of the several mine-
ral species, while Geology treats of them only as associated in the
structure of the earth.

In the following treatise, we shall be occupied only with the
former of these sciences. Mineralogy and Geology, however, are
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so intimately related, that it will be impossible to be complete in
our accounts of minerals, without making some Geological ob-
servations.

Previous to entering on this subject, it will be necessary to un-
derstand what is a mineral. The word Mineral is applied to all
inorganic natural objects, whether solid, liguid, or gaseous. This
signification is much extended beyond its original limits. Some
term, however, was required, applicable to all inorganic bodies, and
the extension of this word has been preferred to the coinage of a
new one.

MINERALOGY : SUBDIVISIONS OF THE SUBJECT ADOPTED IN THE
FOLLOWING TREATISE.

2. There exists in organic matter a power called crystallization,
or crystallogenic attraction, by the action of which, minerals re-
ceive their peculiar forms. 'This power is analogous to vitality in
the animal and vegetable kingdoms, whence arses the variety of
structure in plants and animals. Under the head of CrysTAL-
LOLOGY, or the Science of the Structure of Minerals, this subject
will occupy Part I. of the following treatise. Crystallology in-
cludes the two sections; 1. CRYSTALLOGRAPHY, or descriptions
of the crystalline forms of minerals; 2. CRYSTALLOGENY, the for-
mation and internal structure of ¢ Is.

Having concluded the account of the structure of minerals, we
next consider their properties.

First, those dependinilon the transmission and reflection of
Light, on_ Electricity, Magnetism, Gravity, Cohesion, and also,
their relations to the senses of taste and smell, or their Taste
and Odor. These may be termed the Physical Properties of
Minerals, and will constitute the subject of Part II.

Second, those properties ascertained by the action of chemical
reagents and the blowpipe. These, the Chemical Properties of
Minerals,* will be considered in Part III.

Tazonomy, or the subjects of Classification and Nomenclature,
will be comprised in Part IV.

* These characters require for their determination a destruction of the indi-
vidual, and have therefore, been rejected by many distinguished mineralogists, who
would confine themselves to Natural History, or external characters.

After much examination, with prejudices at the time in favor of the above views,
I am fully convinced, that these alone are insufficient for the determination of many
mineral species, often so Protean in several of their characters. One instance of this
difficulty, from among several which pow occur to me, isthe discrimination between
carbonate of strontian, carbonate of carytes, and sulphate of strontian, when their
crystalline form is not distinet, and the specimen is so situated, that the specific
gmvitg'acanno( be determined. Each of these minerals may have a white color, the
same hardness, similar lustre; and, in general, all their describable physical pro-
perties are the same. It is allowed, that the experienced mineral might not
perceive any difficulty ; but what means has the tyro in the science of distinguishing
these three species? None but chemital. A drop of acid decides which is the sul-
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Parts V. and VI. will include the classifications of the mineral
species, according to the methods pointed out in the preceding sec-
tions; Part V. the artificial classifications for the determination of
the names of species, under the general head of Determinative
Mineralogy ; Part VI. the natural classification, with full descrip-
tions of the species, under the title of Descriptive Mineralogy.

3. In the progress of the treatise, a few of the simple definitions
in geometry wxﬁ be required, which may be here explained.

a. A plane angle is the divergence of two straight

A lines from a given point; as the angle ACB fonnet;lm;'

the meeting of AC and BC. If a circle be described,

E g Wwith the angular point C as the centre, and its cir-

\\ cumference, BFEDA, be divided into 360 parts, the

number of these parts, included between the two

F lines forming the angle, will be the number of de-

grees contained by the angle; that is, if 40 of these parts are in-

cluded between A and B, the angle ACB equals 40°. DF being

perpendicular to EB, these lines divide the circumference into four

equal parts, and, consequently, the angle DCB equals 360° + 4

equals 90°. This is termed a right angle. It will be observed,

that the size of the angle is independent of the lines DC and BC.

An angle of any other number of degrees is termed an oblique an-

gle, and if it is less than a right angle, as ACB, it is an acute an-

gle, if ireater, as ACE, an obtuse angle.

b. The angles ACE and ACB together equal 180° because the
arc BAE, which measures them, is half the circumference. If
t.ACB,Itélerefore, is known, we may find ACE by subtracting ACB

rom 180°.

1 2 3 4 5
c. A triangle is a figure bounded by three straight lines. If
the sides are equal, the triangle is equilateral, (1): if two only are
equal, it is isosceles, (2): if all are unequal, scalene, (3, 4): when
the angles are all acute, it is termed an acute angled triangle, (3):
when there is one obtuse angle, an obtuse angled triangle, (4).
If one angle of a triangle is right, it is termed a right angled
(6.)

triangle, (5.
d. The sum of the angles in a triangle, equals 180°.

phate, and the application of the blowpipe, by the deep red color of the flame, deter-
mines which of the two carbonates contains strontian. Chemical tests must, there-
fore, be admitted, as a matter of necessity, among the means of distinguishing the
mineral species.
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e. A square is bounded by four equal sides, meeting at right
angles, (6.)

. A rectangle differs from a square in having only its opposite
sides equal, (7.)

&- A rhomb 1s an oblique angled plane figure, contained under
equal sides, the opposites of which are parallel, (8.)

h. A rhomboid differs from a rhomb, in having only its oppo-
site sides equal, (92

i. A diagonal of either of the above figures is a line connect-
inﬁ the opposite angles; in fig. 8, one is called the longer, the
other the shorter diagonal.

k. The four angles, in either of the above four sided figures,
equal 360°.

l. A prism is a solid, bounded bg' plane faces, two of which are
parallel and are called the bases, (fig. 50, Pl. 1.) and the other faces
M, M, the lateral planes. 'These prisms either stand erect on their
bases, the lateral planes being perpendicular to the basal, or they
are inclined, the lateral planes not being perpendicular to the basal.
The first are called right prisms, the second oblique prisms.

2mI.’ Octahedrons are bounded by eight triangular faces, (figs. 4,
52, Pl. L.

n. Dor)lecahedrons are contained under twelve faces, (fig. 7,
Pl I, and fig. 124, P1. IL.) '

0. An interfacial angle, is the angle contained by two faces of
a crystal, and measures their inclination. It is designated by the
letters on the faces which form the angle, as the interfacial angle
M : T, for the angle of inclination of plane M on plane T. :

P- A solid angle is formed by the meeting of three or more
planes or faces of a crystal. .

r. Any lines in these solids, connecting similar parts, diagonally
opposite, may be called azes; for example, the lines connecting
the vertices of opposite solid angles, the centres of opposite edges,
or the centres of opposite faces. The particular axes which have
beetgd assumed for the purposes of crystallography, will be hereafter
stated.

8. Similar faces have their corresponding angles equal.

t. Similar edges are those formed by the inclination of similar
faces equally inclined.

u. Similar solid angles are formed by the meeting of the same
number of plane angles, equal each to each, and belonging to planes
respectively similar. ‘




MINERALOGY.

PART I.
CRYSTALLOLOGY,

OR, THE SCIENCE OF THE STRUCTURE OF MINERALS.

SECTION I.
CRYSTALLOGRAPHY.

4. A crystal is an inorganic solid, bounded by plane sur-
Saces symmetrically arranged, and possessing a homogeneous
structure.

In its original signification, this term applied only to crystals of
quartz, which the ancient philosophers believed to be water con-

aled by a very intense cold. Hence the term, from xpuoeario;, ice.*
%tenow includes all those regular solids that owe their formation to
the same kind of attraction that produced the xpveraiios of the an-
cients, or which, like that, ss a regular form, whatever may
be the color or the degree of transparency or opacity.

5. The varieties of crystalline forms, occurring in the mineral
kingdom, are exceedingly numerous. They are all derivable, how-
ever, from a few simple solids, which are denominated the primary
JSorms. The derivative forms are termed secondary forms of these
primary solids.

s Diodorus I1. 52, p. 163, Wess.—rods yap xpverdddovs Mfovs Exsty Tyv sborasy If Glaros
xalapod zayivrus, oby bxd Yv‘xm, A’ $xd Selow duvapcus.

Seneca. Queest. Nat. 111, 25: Unde autem fiat ejusmodi lapis apud Grecos ex ipso
nomine apparet. Keweradlor enimpellam e&que hunc per uci‘rum lapidem quam
illam glaciem ex qua fieri lagis creditur. Aqua enim ccelestis minimum in se ter-
reni habens, quum induruit longioris frigoris pertinacia spissatur magis ac n:s;ls
donec omni aére excluso in se tota compressa est, et humor qui fuerat, lapis effec-
tus est.

Plinius, Hist. Nat. XXXVIIL 2: Murrhina—humorem putant sub terra calore
densari. Contraria huic causa crystallum facit, gelu vehementiore concreto.
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A cube, fig. 1, is one of the primaries ; the same with its angles
removed, fig. 2, is a secondary to the cube, and the planes a, a, on
the angles, are called the secondary planes. The cube, with its
edges removed, fig. 5, is another secondary to this solid ; and as
above, the planes e are secondary planes, and P, the remaining
parts of the primary.

The occurrence of these forms is governed by two important
laws, on which the value of the science of Crystallography to the
mineralogist mainly depends: 1. that the same mineral presents
universally the same primary form, and always, when crystallized,
exhibits either this primary or some secondary to it; 2. that a

icular primary is invariable in its interfacial angles, and the
interfacial angles of its similar secondary planes.

Thus galena always crystallizes in cubes, or secondaries to this
primary ; calcareous spar, in oblique prisms of constant angles, or
some modification of this form, produced by a simple law, which
will be given in a future section.

'We are thus enabled, by a determination of one or two angles,
: to arrive with certainty at the names of most of the mineral species,
when they occur in regular crystals. '

CHAPTER I
PRIMARY FORMS.
COMPARATIVE VIEW OF THE PRIMARY FORMS.

6. THE primary solids are fourteen in number, and may be dis-
tributed as follows: 1. Prisms ; 2. Octahedrons ; 3. Dodecahedrons.

The prisms have either a siz-sided base, or a four-sided base.

Of the former there is but one instance in the mineral king-
dom. Its name, derived from the nature of the base, a regular
hexagon, is the Hezagonal Prism, fig. 114.

The prisms with tetragonal bases are either right or oblique,
(83, ) and are named according to their bases.

1. Right Prisms.
Base a square; lateral planes equal to basal. Cube, (fig. 1.)
Base a square; lateral planes not equal to basal.  Right Square Prism, (fig. 59.)
Base a rectangle, (§ 5, ¢.) Rt. Rectangular Pm. (fig. 69.)
Base a rhomb, (§ 5, ¢.) Rt. Rhombic Pm. (fig. T2.)
Base a rhomboid, (§ 5, ¢.) . Rt. Rhomboidal Pwm. (fig. 87.)
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2. Obligue Prisms.

Base a rhomb; lateral planes equal to basal. Rhkombokedron,s (fig. 107, 168.)
Base a rhomb; lateral planes not equal to basal.  0b. RAombic Pm. (fig. 91.)
Base a rectangle. Ob. Rectangular Pm.

Base a rhomboid. 0b. Rhomboidal Pm. (fig. 103.)

The octahedrons are also named from their bases. The base of
the octahedron is a section passing through four angles.

Base a square; faces equilateral triangles. Regular Oct. (fig. 4.)
Base a square; faces isosceles triangles. Square Oct. (fig. 52.)

Base a rectangle. . Rectangular Oct. (fig. 81.)
Base a rhomb. Rhombic Oct. (fig. 76.)

The square octahedron has only one square section, (fig. 52;)
those through the other angles are rhombs. In the same manner
the rectangular octahedron has but one rectangular section; its
others are rhombs. All the sections of the rhombic octahedron are
rhombic.

There is but one primary dodecahedron. 'This is contained
under rhombic faces, and is called the Rhombic Dodecahedron,

. 7.
(ﬁg7. A) more comprehensive view of the relations of the primary
forms is given in 810 following table.

* This solid is usually termed the rkomboid. This name, however, is the ordina
llation of a plane re, ($ 3, 9,) and is therefore im&roperly applied to a solid;
and particulary to one, none of whose faces are rhomboids.
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PRIMARY FORMS. 9

DESCRIPTIONS OF THE PRIMARIES AND THEIR MUTUAL
RELATIONS."

8. Cube— Regular Octahedron— Rhombic Dodecahedron.

. a. Cube, (fig. 1.) The faces of the cube are equal, and their
plane angles right. Its eight angles and twelve edges are therefore
similar. Its eight angles are represented as truncated in fig. 2; the
removal of the angles is continued still farther in fig. 3, and to the
obliteration of the primary planes in fig. 4, which is an octahedron.
The octahedron may therefore pr from the cube, by replacing
its solid angles, which are in number equal to the faces of the oc-
tahedron.t

Fig. 5 is a cube, with its edges truncated. 'This process is con-
tinued in fig. 6, and completed in fig. 7, which is the rhombic
dodecahedron. This solid, therefore, may be cut from a cube, by
removing its edges in the above manner.

b. Octahedron, (fig. 4.) The regular octahedron has six solid
angles and twelve all of which are similar. Its plane an-
gles are 60°, and its interfacial 109° 28 16”. Its passage into
the cube is observed in figs. 3, 2, 1, where it is seen to proceed from
a truncation of the solid angles, which are six in number. Its
edges are truncated in figs. 9 and 8, and the resulting form, repre-
sented in fig. 7, which is again the rhombic dodecahedron. Its
edges equal in number the faces of this solid.

c. Rhombic Dodecahedron. The rhombic dodecahedron has
twenty-four similar edges. The faces being rhombs, and conse-
quently, two of the plane angles obtuse, and two acute, the solid

+ In the following remarks on this subject, a few technical terms are employed, to
avoid circumlocutions. They may be explained as follows:

mpl:am. An edge or angle is replaced, when cut off by one or more second-

es.

) ? edge or angle is truncated, when the replacing plane is equally

An !

inclined to the adjacent faces, (gg. 2, a, and 5, :3

Bevelment. An is beveled, when replac b( two planes, which are respect-
ively inclined at angles to the adjacent l‘acuil fig. 10, e’.) It may be agplied to
an angle when it is replaced by three planes, each inclined at the same angle, to its
adjacent face, (fig. 14.) Truncation and bevelment can only occur on edges or
ln;les formed by the meeting of equal planes.

lanes on an edge, have their intersections with the ldgoining parallel to the
edg. The intersections of e’ e’, fig. 10, are parallel to the original .
lanes on an angle, intersect the face parallel to its diagonal. The intersec-

tion of a with the P, (fig. 2, or 51,) is E:rnllel to the diagonal of P.

Intermediary planes, intersect the basal faces parallel neither to the diagonal nor
:ld a.gs edge, but have an intermediary situation. Such are planes o, o, (fig. 24

+ The facts stated in this and the following phs, wonld be more theroughly
impressed on the mind of the student, if he sﬁoul:f perform the dissections here de-
scribed, with some convenient material, as chalk, raw potatoes, wax, or wood. By
thus actually deriving one form from another, the mutual relations of the &réma.ry
forms will be easily understood. Chalk is, for many reasons, preferable for ur-
pose. When the models are finished, their surfaces may be rendered guite hani, by
covering them 'i% a solution of gum or varnish.
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angles are of two kinds ; six are formed of four acute plane n::gl«:;
a.ng are called the acute solid angles; eight are composed of
obtuse, and are called the obtuse solid angles. The former corres-
pond to the number of faces of the cube, and yield by their trun-
cation this solid, (figs. 6, 5, 1;) the latter to those of the octahedron,
and truncated, afford an octahedron, (figs. 8, 9, 4.) The plane
angles of the dodecahedron are 109° 28’ 167, and 70° 31’ 44”: its
interfacial angles equal 120°.

9. Right Square Prism and Square Octahedron.

a. Right Square Prism. All the basal edges of the right square
prism are equal, but unequal to the lateral. There are, therefore,
two kinds of edges, eight basal and four lateral. The eight solid
angles are each composed of three right angles, and are therefore
similar. A replacement of the eight solid angles gives rise to a
right square octahedron, (figs. 51, 52,) in a manner similar to the
derivation of a regular octahedron from a cube.

b. Square Octahedron. 'The edges of the square base of this
octahedron are termed the basal edges, and are four in number.
The other edges have been variously designated, the pyramidal
and terminal. The latter term will hereafter be employed. The
same remark applies to the remaining octahedrons. The truncation
of the six solid angles of this solid affords the right square prism.

10. Right Rectangular Prism—Right Rhombic Prism—
Rectangular Octahedron, and Rhombic Octahedron.

a. Right Rectangular Prism, (fig. 69.) In the right rectangu-
lar prism, there are two kinds of basal edges, each of which is
unlike the lateral. It has, therefore, three kinds of edges, four of
each kind. Its faces being unequal, either one might be considered
the base; it is, however, usual, in figuring crystals of this kind, to
assume the smallest for the base, and to make the smaller of the
lateral the right hand plane. Its eight angles are similar.

A replacement of four similar lateral edges is represented in fig.
70, and also a deeper replacement in fig. 71. The completed form
thus obtained is a right rhombic prism, (fig. 72.) Conversely, the
replacement of the lateral edges of the right rhombic prism affords
a right rectangular prism, (figs. 71, 70, 69.)

b. Right Rhombic Prism. 'This prism is in position when on
its rhombic base, with an obtuse edge towards the observer. Its
basal edges are similar. Its lateral are of two kinds; two obtuse
and fwo acute. Its angles are also of two kinds; four obtuse and
Jour acute.

Fig. 73 represents a rhombic prism, situated within a rectangular,
and elucidates the fact above stated, that the faces of the former
proceed from a replacement of the edges of the latter. From it is also
obvious, that the solid angles of the rhombic prism correspond to
the basal edges of the rectangular; and conversely, the solid angles
of the rectangular prism to the basal edges of the rhombic. as
the solids are situated in the figure, we replace the solid anéles
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of the rhombic prism, the same replaces the basal edges of the rec-
tangular ; and if we replace the basal edges of the former, we, at
the same time, replace the angles of the latter.

¢. It will now be unde , that a rectangular octahedron may
be formed by replacing the basal edges of tie rectangular prism,
or the solid angles of the rhombic, (figs. 80, 81, and 82, 81;) also,
that the rhombic octahedron may be formed by replacing the eight
angles of the rectangular prism, or the eight basal edges of the
rhombic, (figs. 74, 76, and 75, 76.)

11. Right Rhomboidal Prism and Oblique Rhombic Prism.

a. Right Rhomboidal Prism, (fig. 87.) The right rhomboidal
prism has a rhomboidal base and two unequal rectangular lateral
planes. Placed upon its rhomboidal base, it has two obtuse, &, &,
and two acute, ¢, e, lateral edges, and two kinds of basal edges. Its
solid angles are of two kinds, four obtuse and four acute.

To exhibit the relation of this prism to the oblique rhombic
prism, it is more convenient to make one of its rectangular faces
its base, (fig. BE&Eand the rhombic tglane P a lateral plane. éis
then an obtuse edge, and the prism thus situated is inclined back-
ward. If now the lateral es e, e, e, are replaced, a rhombic
prism will be produced, (figs. 90, 91,) which, on account of the in-
clined situation of the rhomboidal prism, will be an oblique rhom-
bic. (Fig. 89, shows the same planes, ¢, on the rhomboidal prism,
situated on its rhomboidal base.) Conversely, a truncation of the
lateral edges of the oblique rhombic prism, (fig. 89 or 90,) gives rise
to the right rhomboidal prism. In the present position of this pri-
mary, it might be considered an oblique rectangular prism. The
oblique rectangular prism differs from this, however, in being
oblique over an angle, that is, in the direction of a ¢ instead of @ b

or d ¢, fig. 88. ) )
b. Oblique Rhombic Prism, (fig. 91.) The oblique rhombic
prism has two obtuse and two acute lateral s; four obtuse ba-

sal, & &, and their opposites; four acute basal, ¢, €, and their oppo-
sites, &, €.

Octahedrons may be obtained from these solids ; but they would
be oblique. Fig. 99, represents one formed by a replacement of
its solid angles, or the terminal edges of the right rhomboidal
prism. They do not occur in nature.

12. Obligue Rectangular Prism. ’

This form does not occur in the mineral kingdom. The re-
marks concerning the oblique rhomboidal prism, may be consid-
ered as applying also to this solid. It has been observed in some
artificial salts.

13. Oblique Rhomboidal Prism, (fig. 103.)

The oblique rhomboidal prism has no similar parts except those
which are diagonally opposite. There are, therefore, six kinds of
edges, &, ‘&, &, ‘¢, basal, and ¢, ¢, lateral, (fig. 103,) and four kinds
of ‘angles, (&, &, a’, ‘a.)
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14. Rhombohedron and Hexagonal Prism.

a. Rhombokedron. The rhombohedron has two kinds of solid
les. Two of these angles, a, a, (figs. 107, 108,) are composed
either of three obtuse, (fig. 107,) or three acute, (fig. 108,) plane an-
les, and the rhombohedron is called obtuse or acute, according as
51ese angles are obtuse or acute. 'These angles are called the ver-
tical solid angles. The rhombohedron is In position when they
are situated, the one vertically above the other, as in the above
“figures. The other six angles, (a, figs. 107, 108,) are similar, and
are called the lateral angles. They are composed, either of two
obtuse and one acute, or two acute and one obtuse plane angles.
The edges are also of two kinds. Those which meet at the apices
of the vertical solid angles, e, (figs. 107 and 108,2 are of one kind,
(obtuse in fig. 107, acute in 108,) and are called the terminal
. The remaining six, ‘i’)) are the lateral edges. It will be
observed, that when the rhombohedron is in position, that is, when
the line between the two vertical angles is perpendicular, the six
lateral edges and six solid angles are symmetrically arranged about
this line. We may, therefore, conclude, that the replacement of
the angles or the edges, by planes parallel to this line, will each
produce hexagonal prisms. This may also be observed in figs.
111, 112, and figs. 109, 110. Fig. 114, is the completed hexagonal
prism; the terminal plane P, results from a truncation of the ter-

minal angle of the rhombohedron, (fig. 113.)
"b. 'To obtain a rhombohedron from a hexagonal prism, it is ne-
to replace, similarly, the alternate edges at one end, (R, R,
R, fig. 114,) and those alternate with these at the other, (R, &c.);
or the alternate angles at one end, and those again alternate, at the
other. Compare . 112 and 110, with 114. The situation of
fig. 112, corresponds to the edges, R, R, fig. 109, and R, R,

fig. 110, to the alternate angles.

The diagonal of a face connecting two lateral angles of the
rhombohedron, is called a hkorizontal diagonal; that connecting
& vertical with a lateral, is termed an inclined diagonal.

15. Each of the oblique prisms contains two solid angles, which
are analogous to the vertical in the rhombohedron; that is, are
composed either of three obtuse, or three acute plane angles.
These angles have been called the dominant solid angles. If the
plane unigles of the dominant solid angle are obtuse, the prism is
oblique from an obtuse edge, and is termed an obtuse prism; if
acute, the prism is oblique from an acute edge, and is termed an
acute prism.

CRYSTALLOGRAPHIC AXES, AND CLASSIFICATION OF THE PRI-
MARY FORMS.

16. In the preceding section it has probably been observed, that
as several of the primary forms may be derivatives from one an-
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other, they are naturally distributed into several classes, each to
contain all those primaries which are capable of mutual derivation.
Thus, the cube, octahedron, and dodecahedron, may be united in
one class; the right square prism and square octahedron, in a se-
cond; the right rectangular and right rhombic prisms, and the
rectangular and rhombic octahedrons, in a third ; the right rhom-
boidal and oblique rhombic, in a fourth ; the obliﬁue rectanil(l’lar,
in a fifth ; the oblique rhomboidal, in a sixth; and the rhombohe-
dron and hexagonal prism, in a seventh. The same classification
will follow, from the axes of these solids which we are now to
consider.

17. Cube, Octahedron, Dodecahedron, (figs.1,4,7.) The axes
of the cube, are lines connecting the centres of its opposite faces.
They are consequently equal, and intersect at right angles. 1If.
we derive an octahedron from the cube, after the manner described
in § 8, a, the centres of the faces of the cube are the last of the pri-
mary faces that vanish. The central point is, therefore, the angu-
lar point of the octahedral angles, and, therefore, the axes of the
cube which connect these points, connect the solid angles of the
octahedron. The same lines are assumed as the crystallographic
axes of the octahedron, and similar to those of the cube, they are

, and intersect at right angles. If a dodecahedron be de-
rived from a cube, as in § 8, a, it will appear in the same manner,
that the axes of the cube will connect the acute solid angles, whose
angular points are the centres of the faces of the cube. 'These are
also the axes of the dodecahedron.

The cube, octakedron, and dodecahedron, have, therefore, simi-
lar and equal axes. They are hence naturally comprised in the
same class. To this class may be applied the name MoNOMETRICA,
from pdvos, one, and pérgoy, measure, in allusion to the equality
of the axes.*

18. Right Square Prism, and Square Octahedron, (figs. 50, 52.)
The crystallographic axes of this prism, connect the centres of
its opposite faces. The two lateral axes are equal, but unequal to
the other, which is called the vertical axis. It is also termed the
varying axis, since different right square prisms differ in the lengths
of this axis. As in the regular octﬁxedron, and for the same reason, °
the axes of the square octahedron connect the opposite solid an-
g:}s. The two lateral are equal, but unequal to the vertical. To

s class we give the name DiMETRICA, from di, fwofold, and pérgov,
measure, alluding to the two kinds of axes.t

19. Right Rectangular Prism, Right Rhombic Prism, Rect-
angular Octahedron, and Rhombic Octahedron, (figs. 69, 72, 81,

H; Synonyms. Tesseral or Tessular System of Werner and Mohs; Jsometric of
usmann.
t Teiragonal System of Naumann; Pyramidal of Mohs; Monodimetric of Haus-
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76.&‘ In the right rectangular prism, the axes connect the centres
of the opposite faces, and, from the nature of the solid, are unequal
to one another. Their intersections are rectangular. If a rhombic
prism is formed from a right rectangular, by the replacement of its
lateral edges, the lateral axes of the rectangular prism, will con-
nect the centres of the opposite edges % . 71,) of the rhombic.
These, therefore, are the lateral axes of the latter prism. The
vertical axis joins the centres of the opposite bases in the same
manner as in the rectangular. In a rectangular octahedron, derived
from a right rectangular prism, the lateral axes unite the centres
of the opposite edges, (figs. 80, 81.) The rhombic octahedron,

formed on the angles of the same prism, contains as axes, lines

connecting the opposite angles, similar to the regular octahedron,

(ﬁg;. 75 and 76.?

hese four solids, capable of mutual derivation, and contn.ininq
three unequal rectangular axes, may form the class TRIMETRICA,
{rom g5y threefold, and pérpov, measure, as there are three dissimi-
ar axes.

20. Rizht Rhomboidal Prism, and Oblique Rhombic Prism,
(figs. 88, or 87, and 91.) In the right rhomboidal prism, the lines
which are assumed as the crystallographic axes connect the cen-
tres of the opposite faces. From an examination of their intersec-
tions, it appears ‘that two of the axes cross at right angles, while
a third is inclined to one of the other two at an oblique angle. Out
of three angles, formed by the intersections of the axes, two are
right and one oblique. This may be rendered obvious, by a refer-
ence to the inclinations of the planes to which the axes are parallel.
The interfacial angle, (fig. 84, or 85,) M : T is an oblique angle, while
P:T=90°. P:M=90°, that is, out of the three angles, two are right
and one oblique. From fig. 82, it is apparent, that the oblique
rhombic prism, derived from this solid in the manner described in
§ 11, will have two lateral axes connecting the centres of the op-
posite lateral . 'The axes have the same inclinations as in the
right rhomboidal prism. There being but one oblique angle among
the three just noticed, this class may be designated MoNOCLINATA,
pévog, one, and x\vw, to incline.t

21. Oblique Rectangular Prism, (similar to fig. 103.) The
axes of this solid unite the centres of its opposite faces. Of three
intersections, two are oblique and one right. This, therefore, forms
the class DicLINATA, 0%, twofold, and xAww, to incline. }

22. Oblique Rhomboidal Prism, (fig. 103.) The axes which
connect the centres of the faces, form t oblique intersections.

* Rhombic System and Anisometric System of Naumann; Primatic of Mohs; Tvi-
metric of Hausmann.

t Monoclinokedral of Naumann; Hemi-prismatic of Mohs; Hemi-rhombic of
Breithaupt.
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It, therefore, forms the class TRICLINATA, rpi5, threefold, and xwvw,
to incline.*

23. Rhombohedron and Hexagonal Prism, (figs. 107, 108, and
114.) The vertical axis in the rhombohedron, connects the verti-
cal solid es. The lateral are three in number, and unite the
centres of the opposite lateral edges. And since the lateral edges
are symmetrically arranged about the vertical axis, they will inter-
sect at equal angles; and as, by their intersections, they therefore
divide the plane, about the point of intersection, into six equal
l;uts, the angles of intersection must be one-sixth of 360°, or 60°.

hese axes are also at right angles with the vertical. From the
derivation of the hexagonal prism from the rhombohedron, we
readily deduce that it contains a vertical axis, connecting the cen-
tres of its bases, and three lateral axes uniting the centres of the
opposite lateral edges or lateral faces, according as the hexagonal
prism is formed on the lateral angles or edges of the rhombohedron.
These axes also intersect at angles of 60°, and are at right angles
with the vertical. These solids, containing similarly four axes, are
united in the class TETRAXONA, derived from sirpa, four, and afw,

azis.t
24. The following is a brief recapitulation of the above classifi-
cation.

Cube, 2

Classis Monometrica, or

Regular Octahedron, the Monometric System.

Rhombic Dodecahedron,

Right Square Prism, { Classis Dimetrica, or the

Square Octahedron, y Dimetric System.

Right Rectangular Prism, .

Right Rhombic Prism, Classis Trimetrica, or

Rec lar Octahedron, the Trimetric System.

Rhombic Octahedron,

Rhombohedron, Classis Tetrazona, or the

Hexagonal Prism, Tetrazonal System.

Ri%!xt Rhomboidal Prism, Classis Monoclinata, or

Oblique Rhombic Prism, the Monoclinate System.
. . Classis Diclinata, or the

Oblique Rectangular Prism, g Diclinate System.

Oblique Rhomboidal Prism, g ?:f;szlfnﬁnggé or the

* Tviclinohedral of Naumann; Tetarte-prismatic of Mohs; 7vtarto-rhombic of
Breithaupt.

t Hezagonal System of Naumann; RAiombokedral of Mohs; Monotrimetric of
Hausmann. :
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The primary forms in the monometric system, are solids of un-
varying relative dimensions. The forms included in the other
classes vary in one or more of their dimensions; the right square
prism, in its height as compared with the breadth, the rectangular,
rhombic, and rhomhoidal prisms, in each of their dimensions.

CLEAVAGE OF PRIMARY FORMS.

25. It is a fact of common observation, that the mineral called
mica, (sometimes, improperly, isinglass,) is easily split into thin
transparent plates or sheets. This 1s often effected with but little
more difficulty than attends the separation of the leaves of a book,
and immediately suggests the idea, that, like a book, this mineral
may be composed of a great number of closely applied leaves. This
property of mica depends on its crystallization, and the process of
separation is termed cleavage. Galena is another instance of a mine-
ral capable of easy cleavage. It differs from mica, however, in
having three cleavage directions at right angles with one another.
This mineral, therefore, instead of splitting into thin plates, breaks
into small cubes. Calcareous spar also admits of easy cleavage,
but yields rhombohedrons. These directions, in which a crystal
cleaves, are termed its natural joinis, and the slices obtained are
called lamine.

26. The facility with which cleavage may be obtained, is very
unequal in different minerals. In some instances, as in the first
above cited, the lamine are separable by the fingers. In others, a
slight blow of the hammer is sufficient ; others require the applica-
tion of a shtmcutting instrument, and often some considerable skill
in its use. en all other means fail, it may sometimes be effected
by heating the mineral and plunging it, when hot, into cold water.
Attempts of this kind are sometimes effectual with quartz. In many
instances, cleavage cannot be effected by any means, owing to the
strong cohesion betweeen the laminz. In these cases, however,
the direction of cleavage is sometimes determined by the lines on
the surface. Observation of these lines is often of importance when
cleavage is not difficult, in order to determine its direction, pre-
vious to applying the knife.

When cleavage is easily obtained, it is said to be eminent.

27. The general laws, with respect to cleavage, are as follow :

1. When cleavage is attainable, it is parallel to some or all of the
faces of a primary form.

2. Cleavage is obtained with equal ease or difficulty, parallel to
similar primary faces, and with very unequal ease or difficulty,
parallel to dissimilar primary faces.

3. Cleavage, parallel to similar planes, produces planes of similar
lustre and appearance, and the converse.

According to the first law, if a cube is cleavable, cleavage will
either take place parallel to the faces of the same, in which case
the primary form is a cube; or it may be effected on the angles,

h
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when the primary is an octahedron, or on the edges, when it will
produce a dodecahedron. Cubes of fluor spar may be very readily
reduced to the primary octahedron by .cleava(fe. This is a very
convenient material for the exercise of the student, who needs but
his knife to succeed in effecting the cleavage.

According to the second law, cleavage can always be obtained
with equal ease parallel to all the faces of a cube, octahedron, or
dodecahedron ; and also the rhombohedron, which is a solid con-
tained under equal planes.

The right square prism, right rhombic prism, and oblique rhom-
bic prism, may be cleaved with equal ease or difficulty. parallel to
their lateral planes, since these are similar. Often, however, no
cleavage can be effected in these prisms, except parallel to the bases,
and, in many instances, not even in this direction. 'The right rec-
tangular, right rhomboidal, and oblique rhomboidal prisms, have
unequal cleavages in the three directions; and according to the
third law, the cleavage in the three directions will produce faces of
unlike lustre and general appearance. This is exemplified in gyp-
sum ; in one directian, it is cleavable with great facility into thin
lamine of perfect transparency, and highly polished surfaces; in
a second direction, the crystalline lamine first bend and then break,
exhibiting a surface which is not smooth, nor possessed of much
lustre ; in the third direction, it is brittle, and breaks immediately
on attempting to bend it, affording a surface smoother than the se-
cond, but not polished. In thick masses, the second and third
cleavages are scarcely attainable. Two of these cleavages incline
at an oblique angle, but are at right angles with the third ; the
primary form is, therefore, a right rhomboidal prism.

b. Some instances occur of apparent exceptions to the first law.
They are mostly confined to the right rhombic and right rectangu-
lar prisms. The rhombic prism, in addition to a cleavage parallel
to its lateral planes, may have one parallel to its lateral edges or a
diagonal of the base, or what is equivalent, parallel also to the face
of a secondary right rectangular prism, this prism being formed by
a truncation of the edges of the rhombic prism, (§ 10.) These,
however, are not real exceptions, as cleavage is still parallel to a
face of a primary solid.

CHAPTER IL

SECONDARY FORMS.
LAWS FOR THE OCCURRENCE OF SECONDARY PLANES.

28. The number of secondary forms which the seven classes of
primary forms are capable of affording, is exceedingly large; at
least many millionsésupposing them to%e of invariable dimensions.
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But as most of these primaries their dimensions infini
the ible number gf teties of formm is infin, tely,
possi A p varieties of form is infinite. The actually
occurring forms of a single mineral, calcareous
found o be nearly a thousand. ’ *per, have been
ese planes do not occur indiscriminately on a crystal, without
to time or place, bntmgomnedbythefollowingsin’:plelaw;

Al the similar parts of a crystal are similarly and simulta-
neously modified ; or, by the subordinate law,

Half the similar parts of a crystal may be similarly modified
independently of the other half. :

"The operation of the second, or subordinate law, produces kemi-
hedral forms of crystals, or forms with half the number of second-
ary Flanes that perfect regularity would require. The forms result-
ing from the first law, are termed Aolokedral forms, from i, all,
and #dpa, face.

29. Class 1. Monometrica. According to the first law, if a single
edge of a cube, octahedron, or dodecahedron, be truncated, all will
be simultaneously truncated, for all are similar, (i S, a; fig. 5, P1. L)
If an edge of the same be replaced by a plane inclined unequally,
on two adjacent faces, to retain the symmetry and apply the above
law, a sccond plane must occur on this edge, similar to the first, as
i represented m fig. 10, This becomes evident, when we consider
that these planes occupy similar parts of the crystal, and agreeably
to the above law, all similar parts must be simultaneously modified.
"'hin in termed, ax stated in the note to ¢ S. a bevelment. It also
follown, that all the edges of these solids will be similarly beveled.

Agnin, the truncation of one angle of a cube is necessarily ac-
compmed by the truncation of all, (tig. 2.) If a plane, situated
nw w, in liyg. 14, occur on an angle of this solid, three similar planes
iy, and therefore must, occur on the same angle, one inclining
on eneh fuee, " In addition, similar planes will occur on all the an-
glow,  No, in the octahedron, we find four planes, (a’, fig. 17,) on
ench nigle, one inelined on each tace.

I Intermediney plane, (tig. 24,) is situated on the angle of a
cilus, it will bo aecompanied by five others, or there will be six in
ity noed forty eight in the whole solid, (fig. 24.) The possibility of
thee oeenrrones of wix similar planes, 1s sufficient to require their
ocenerenen, sines the mumber of similar parts about the angle is
Hoedonn ain, 1t shiould bo observed, that two of these six planes
tny fus il to helong to onch edge.  Thus, two to the edge P : P,
Iwar far Ahes eedyger 172 P nnd - that they correspond to bevelments of

' ) I'hin correspondence may be scen by comparing

¢ renkon, there will bo cight intermediary planes on
o tubwsdron, two for each of the edges. It is mani-
of these intormedinry planes should be dropped, the
# aryntn] would be dostroyed.

of the dodecahedron being of two kinds, (8, ¢,)
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they will be independently modified. The modifications are the
same as in the cube and octahedron, (figs. 6, 8, 13, 18, 27, Pl 1.

b. The exceptions arising from the second law, are not of unfre-
quent occurrence. 'They are as follows:

1. Half the similar angles, or edges, may be modified independ-
ently of the other half. '

2. All the similar angles, or edges, may be modified but by half
the regular number of planes.

Figs. 28, 33, are examples of the first kind of kemikedrism, in
which half the angles of the cube are modified, while the remain-
ing half are unmodified.

ig. 42 is an instance of the second kind. All the edges are
similarly replaced, but by one of the two beveling planes repre-
sented in fig. 10. The plane e is enlarged in ﬁg% . From this
last figure, it will be observed, that the suppressed planes are those
which were alternate, and that two planes, ¢/, incline on each face,
P. The symmetry of each crystal is not, therefore, destroyed.
Another instance may be observed in fig. 48, in which each
le of the cube is replaced by three out of the six intermediaries
in fig. 24 ; that is, by one half of the number of planes which per-
fect regularity would require.

The first species of hemihedrism gives rise to solids, whose oppo-
site planes are not parallel; a face of a tetrahedron, for example,
has no opposite parallel face. The same is true of all solids result-
ing from this kind ef replacement, and arises from the fact, that
opposite parts of the crystal, producing these forms, as, for instance,
the diagonnll{ opposite angles in figs. 28 and 33, are not similarly
modified. 'This species of hemihedral crystal, has been called the
inclined hemihedron, for the above reason, that its opposite planes
are not parallel, but inclined to one another.

On the contrary, according to the second species of hemihedrism,
the opposite parts of a crystal are similarly replaced, and,-conse-
quently, the hemihedrons proceeding from this replacement have
their opposite faces parallel. Such is the case in figs. 43 and 48.
These solids have been termed parallel hemikedrons.

Both of these species of hemihedrons are never presented by the
same mineral. he former is observed in boracite, the latter in
iron pyrites, and many other species. It is also important to ob-
serve, that minerals, whose crystals are hemihedrally modified, are
invariably thus modified, if the secondary planes occur, in which
the hemihedrism may take place. We may illustrate this statement
by a reference, first, to the species iron pyrites, whose modifica-
tions follow the second of the above laws. The cubes of this spe-
cies never occur with beveled edges, but, (whenever modified,) are
invariably replaced by one or two planes unequally inclined on the
adjacent faces. Again, the angles are never replaced by siz inter-
mediaries, but by :i::'; alternate, as in fig. 48, 0. In boracite we
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observe, that invariably only one half the angles are similarly re-
rlm:ml, and that the modified angles present all the planes required
sy the regular law for secondary planes. The edges of the cube are
nent offected by this species of hemihedrism, as it only influences
thes repluecments of the angles. .

0, Cluws 2. Dimetrica. 'The modifications of the basal and late-
rnl elyen of the square prism, are independent of one another, owi
tr thear dissimilarity, (§9.) The lateral edges are included by
oaprinl  planes, and, therefore, are universally either truncated or
lmvrlmi (figs. 61, 62.)  'T'he basal edges, being the intersections of
nqulm‘ plunes, are never truncated or beveled, but are simultane-
mmly replacsd, becnuse of their similarity. A plane on these
wabyrn, theretors, inelines unequally on the adjacent faces, (fig. 53.)

f oot thes wnrmes ronvon, the angles cannot be truncated. A plane
im nn angle imelines, however, equally on the two lateral planes
M, M, i conmsquence of their equality, (ﬁg. 51.)

Ihes mpgolnr mterinedinry planes can be but two in number. The
twn whoeh neling on the baso, are unlike those inclining on the
Itesenl plipnss, on neconnt of the dissimilarity between the base and
w Anteanl plane, Pheso intermediary planes are represented in
fige bt

0 e e cannty (o stato the corresponding particulars relative
feo thee o tehieddvon, sineo they are easily deduced from its relation to
thes geisan, el moreover, are determined without difficulty from
thie intinnes of theenolid ol

Al Clusa P ometrica. "I'he odges of the right rectangular
gt wes il fhieo kands, and those of each kind are, according to
thees wbagves fuw, e ndently moditied, (tigs. 70, 77, 78,79.) More-
tevit, g of Ahan enn b truneated or beveled, in consequence of
the bncgqunity of thel ineludimg planes.

inpean o thes unglon meline wnequally on the three adjacent
sl pdanwen''he nnglen wre: similar, and, therefore, will be
por bl 1o v tion, (g, 7 1) .

“Chom i enn hve bt one intermediary on each angle.  This
bt s foan the nequahity of the three edges that meet at each
mnan

v tntecont oo ol the right thombie prism admit of truncation
e deonbpenaant, b of the squality of the lateral planes. The
it e v noditied nquwmlvnlJy of the acute, (fig. 84.)
"W tdebiens ol g low, wind the acnte, are also independent in
tee o0 pttalihie s ioengn ‘1‘.~‘o'ln mny have two intoriediary planes, (ﬁﬁ.
ey b N-l""' tiente ol the basal wdges are similar and simul-
et tetem, [y WD)

#4 4w 4 Momulinaty In the oblique rhombic prism,
teted 4 Moo sepgamites ol tlue Tntornl wlgen: sre similarly replaced ; they
oy Fe fen el o Tnvaded, (the L) Phe front superior ba-
aal iyt n wee pnlihe the front inferior, or the superior bekind,




SECONDARY FORMS. 21
(¢ 11,) and are therefore modified independently of the latter,

. 101.
(ﬁgl'he fo)ur lateral solid angles are composed of the same number
of plane angles which are equal, each to each, and belong to planes
which are respectively equal. Their modifications are, conse-
quently, similar, (fig. 98.) The front angles are dissimilar, and in-
dependent in their modifications, (figs. 96, 97.)

The right rhomboidal prism, unlike the right rhombic, cannot
have its %ateral edges truncated or beveled. Its basal edges and
angles are also dissimilarly modified. Placed on a rectangular
face for its base, as in fig. 88, we may apply to it the same remark
as above. The front superior basal edge and angles, being unlike
the fromt inferior or superior behind, (§ 11,) they are modified in-
dependently of the latter. 'This is the most simple method of view-
ing this solid.

. Class 5. Triclinata. Hereafter, the class Diclinata, will not
be treated of, except in connection with the class Triclinata, both
on account of the rarity of its occurrence, and the similarity of
the oblique rectangular to the oblique rhomboidal prism. -

In the oblique rhomboidal prism, there can be neither trunca-
tions nor bevelments. Only diagonally opposite parts are simi-
larly modified, and, consequently, similar cg;acem or approximate
planes cannot exist. (By approzimate planes are understood those,
not opposite, which are separated by one or more planes.) The
front superior basal edges are unlike in their modifications, and also
unlike those of the front inferior basal. The same is the fact with
the les, (figs. 104, 105, 106.) 'The only similar plane to &, in
the ‘:ggd (gg. 104,) is its diagonally opposite . Such is univer-
sally the case in this solid.

34. Class 6. T'etrazona. 'The vertical solid angles of the rhom-
bohedron are formed by the meeting of three equal planes, and
equal plane angles. These angles may, therefore, be truncated,
(fig. 113,) or replaced by three or six similar planes. The
may be either truncated or beveled, for a similar reason. The ter-
minal edges, however, are replaced independently of the lateral,
(ﬁ.g;. 109, 115, 117, 119.)

he lateral angles, six in number, are replaced at the same time,
(figs. iél), 121.) Two intermediary planes may occur on each,

. 118.
(ﬁ%‘he similar parts in the rhombohedron and hexagonal prism,
being three, or some multiple of three, (excepting the vertical solid
angles,) the similar secondary plane are also three, or some mul-
tiple of three.

35. Notwithstanding the regularity in the secondary forms of
crystals, resulting from the preceding laws for the occurrence of
secondary planes, Crystallography would scarcely be entitled to its
rank as a science, were it not for the existence of a second law, It
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"is this second law which gives to Crystallography a mathematical
basis. It is as follows :—
2. The ratio of the edges removed by secondary planes is a
simple ratio.

In removing the edge A, to produce the plane
e, parts of the edges B and C are also removed.
If then B and C are equal, as in the cube, the
parts of B and C removed will, according to the
above law, either be equal, (the edge is then trun-
cated,) or there will be twice as much of one re-
moved as of the other, or three times as much ;
that is, the ratio of the parts will be either 1:1,
1:2,1:3, and also, sometimes, 1:4,2:3, 3:4. Other ratios some-
times occur, but are uncommon. If Band C are unequal, the ratios
will be the same, excepting, that the parts of B and C removed, will
be proportional to the lengths of their edges; that is, the ratios will
be1 B:1C, or1B:2C, or1 B:3C, or it may be,2B:1 C, or
3B:1C, also,2B:3C, or3B:2C. The last expression signi-
fies a ratio of three times the length of B to twice the length of C;
or, if the edge B be divided into a certain number of equal parts,
and C into the same number, the glane, whose ratio is 3B:2C,
cuts off three parts of B, and two of those of C. The figures are
used in the same manner in the preceding expressions.

A plane on an angle, (A, B, C, again being equal,) may either
cut off A, B, C, in the ratio of 1:1:1, that Is, equal parts from
each, or in the ratio of 1:1:2, the figures referring to the letters
in the order just given; or, again, as 1:1:3,1:1:%,1:1:¢, or
1:1:%, in which the part cut from C is only one fourth that cut
from either A or B. So also, there may occur the ratios 1:1:§,
1:1:4. Others are of occasional occurrence. If A, B, and C,
are unequal, the first ratio above, that is, the ratio of equality, be-
comes 1 A:1B:1C; and the others, 1A:1B:2C,1A:1B:3C,
1A:1B:3C,1A:1B:3C,1A:1B:3C, &c. &c. Planes on
angles have an equal ratio of A and B, as is observed in the above
examples.

Intermediary planes cut off unequal parts of the three edges, A,
B, C. Some of the occuring ratios are 4:2:1, 6:3:2, that is, if
these edges are divided into the same number of equal parts, the
plane, whose ratio is 4:2: 1, is formed by removing 4 of the parts
on the edge A, 2 on the edge B, and 1 on C.

36. It has been stated, that on these principles depends the appli-
cation of mathematics to this science. .

A few remarks on this subject may be of interest to the student,
who is acquainted with the principles of trigonometry. This sub-
ject is treated of in full, in the Appendix, A.

Let BE and BF,in the following;rcg]re, represent the two edges
Band C, in the figure on the preceding page, and AC and AD,
the intersections of the planes on the edge A with the face M.
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B_A  E If AC makes equal angles with EB and BF,

the angles BAC=BCA, and therefore, (Euc. 6. 1.)

BA=BC. We might, therefore, conclude that

c the crystal is one in which the edge BE=BF,
for only sueh can have truncating planes.

Or if we knew that BA=BC, we might infer

D the angle EAC, it being the supplement of BAC,
which equals 45°.

Suppose again EAC to be unequal to FCA.

P Subtracting the angle EAC from 180°, we obtain

BAC. As we are acquainted with the angles.of
the triangle BAC, since ACB is the complement

of BAC, and ABC a right angle, we may, by the principles of right
angled trigonometry, obtain the ratio of BA and BC. The propor-
tion woulg be, making BA=1, R: BA=1::tan, BAC: BC. From
the result obtained, we infer the ratio of the edges BE and BF', or
the relative height and breadth of a rectangular prism.

Conversely, if the relative lengths of BA and AC, or BE and
BF, are given, we may determine the angle BAC, and, consequent-
ly, its supplement EAC. ‘

It may be stated, that it is uncertain whether the plane AC pro-
ceeds from a ratio of equality in the parts of the removed.
This is to be presumed, or doubted, from the nature of the plane,
the frequency of its occurrence, &c. ; and if not, the value obtained
is a multiple, or a sub-multiple of the true length of the crystal.

If the dimensions of a primary are known, we may proceed in
the above manner, and calculate its interfacial angles. If we sup-
pose the plane DA to have the ratio 2 C: B, or to cut off 2 parts of
the edge C to 1 of B, the angle BAC will be determined by the
proportion, B: R::2 C: tan. BAD, which again is the supplement
of EAD. The angle FDA is determined by subtracting EAD from
270°. This will give an imperfect idea of the use of mathematics,
and the manner of its application in Crystallography. For a fur-
ther elucidation of this interesting subject, reference may be made
to the Appendix.

DERIVATION OF SECONDARY FORMS FROM THE PRIMARIES.
L]

37. In the remarks on the relations of the primary solids, some
of the secondary forms have already been pointed out. Thus, the
octahedron has been shown to be derivable from the cube, by the
truncation of its solid angles, and conversely, the latter from the
former, by a truncation og the angles of the octahedron. In a sim-
ilar manner, the dodecahedron has been shown to proceed from the
cube, from a truncation of the edges of the latter, &c. &c. (See
§§ 17—23. :

We pro) se to continue this subject, as a perfect acquaintance
with the derivative forms is of the utmost importance to the mine-
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ralogist. We again treat of the several forms. according to the
classes to which they belong.

Class 1. Minsmetrica.

For the sake of perspicuity of arran-ement. the Aolokedral and
hemihedral forms will be separateiv considered.

38. Holohedral Forms.

a. Tetraherahedron. A bevelment of the edzes of a cube is rep-
resented in fig. 10. and the resuit of a contnuation of the process
in fig. 11. This form is bounded by twenty-four triangular faces,
two planes being formed on each of the ficelre edges of the cube.
It may be considered a cube. with a low four sided pyramid on
each face. 'The above name expresses its general resemblance to
the cube or hexahedron. at the samie time that it conveys an idea
of the number of its faces. It is derived from ssvzaxs. four times,
§¢, sir, and ispa. face ; the 4.6 faced soi:d.

The planes e in fig. 12, which are ohserved to repiace the solid
angles of the octahedron inclining at the same time on its edges, if
extended to the obliteration of th:e primary faces. produce the same
form as above, (fig. 11.)

The replacement of the sir acute soiid ang'es of the dodecahe-
dron by four planes resting on the primanies. £g. 13.) it continued,
results in the same solid.

By varying the angle of the bevelment of the cube, tetrahexahe-
drons of different angles may be produced. Those of most com-
mon occurrence have the foilowing angies :

Interfacial Anzles

A Ce
1. = 1332 4% 47~ 15727 4 »
2. 1430 7/ 48~ 1432 77/ 45 occurs in garnet.
3. 1640 9 2ue 126 52 12~ w tluor spar.

Plane Ansles

a (g
1. 600 1§ 16+ TO° 31 28~
P A B CR 83 37/ 147 occurs in et.
do 460 B 3o 86° 5% 5w« uor spar.

b I'vizoctahedrops.  The angles of the cube are represented as
splneed by three planes in tigs. 14 and 19; in one, they incline on
“ury fneesy i the other, on the edges of the cube. The com-
« g obtubsd by these replacements, are seen in figs. 16
0. Fg 1D o intoriediate torm between 14 and 16, The
ning moﬁtlu. thouyh conardorably unlike, have a general resem-
@ tcon tdiwdiona, with w three sided pyramid substituted for
’uumlwlml new, Fake the octahedron, they are formed on the
» - -
Pree Bt gl jupmtion i nnglen teto o the fgure, PLL C s, however, sub-
e 40 g [l s e following forms. According to the system
et v ptmbper] 11y thw A ppwonndin, Hiene rolids are designated, 00 §; ®02;®03.
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angles of the cube by a replacement by three planes instead of one,
which accounts for their general resemblance to this solid. The
name, Trisoctahedron, is derived from sgi, three times, oxew, eight,
and &pa, face, 3x8 faced solid. The faces of one of these solids
are four sided, or fetragonal, those of the other, three sided, or
trigonal ; they are, therefore, distinguished by the names tetrago-
nal trisoctahedron, and trigonal trisoctahedron. The more com-
mon name of the former is trapezohedron.

The tetragonal may be derived from the octahedron, by replacing
its angles by four planes inclining on its faces, (fig. 17.)

The same may be obtained from a dodecahedron, by a truncation
of its twenty-four edges, (fig. 18.) .

The trigonal proceeds from the octahedron, by beveling its
twelve edges—(compare figs. 21 and 20,) and from the dodecahe-
dron, by a replacement of its six acute solid angles by four planes
inclining on the edges.

The tetragonal trisoctahedron, or trapezohedron of most common
occurrence, has the following angles : .

B=131° 48’ 377, C=146° 26’ 34”. Fig. 16. :
a=82° 15’ 3%, b=117° 2 8%, c¢=78° 27" fﬁ”. Ex. leucite and garnet.

The trigonal trisoctahedron occurring in nature, has the fol-
lowing angles: :
A=152° 44’ 2, B=141° 3 27#, b=118° 4'10”, ¢=30° 57’ 65".*
Fig. 20. It is a form of fluor spar and galena. '
¢. Hexoctahedron. Fig. 24 represents a cube, with six planes
on each angle, and, consequently, forty-eight in all. The resulting
solid is completed in fig. 25. Here, for each face of the octahe-
dron, is substituted a low six sided pyramid. The name of this
solid is derived from the Greek, dfaxs, siz times, oxsw, eight, and
#dpa, face, 6x8 faced solid.
A replacement of the angles of the octahedron by eight planes
produces a similar solid, (fig. 26.) A bevelment of the twenty-four
of the dodecahedron, (fig. 27,) also necessarily produces a
Sforty-eight faced solid. Others, differing in their angles, may re-
sult from a replacement of the siz acute solid angles of the dode-
cahedron, by eight planes, or the eight obtuse by siz planes.
The occurring varieties have the following interfacial and plane
angles:
1. A=158° 12" 487, B=148° 69’ 507, C=158° 12’ 48, occ. in garnet.
2. 162014507, 154°47'287, 144° 2587, « fluor spar.
1. a= 86° 66/ 257, b= 56° 15 47, c= 36° 48 31~,
2. 85°50r 23, 54° 21/ 34~, 39048 3.t

* The e ogmhic expressions for these trisoctahedrons are, for the tetragonal,
? O%hﬁ" Sidsare d Seaibed f the crystallographi
t These solids are descri raeans of the ¢ ographic si explained i
Appendix A, as follows: 3% 'S 402. pHC Slems P -
4
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39. Hemihedral forms.

a. Hemi-Octahedron, or Tetrahedron. If half the angles of
the cube are replaced by a single plane, as in fig. 28, the resulting
form is a tetrahedron, or hemi-octahedron, (figs. 29, 30.) The same
may arise from an octahedron, by an extension of one half of its
faces, to the obliteration of the other half. 'This process is repre-
sented as partially completed in fig. 32. A

Its plane angles are 60°, and its interfacial angles 70° 31/ 44~.

b. Hemi- Trisoctahedrons. Fig. 33 represents a cube, with its
alternate angles replaced by three planes. 'The planes in this figure
occurring on all the angles, give rise to the tetragonal trisoctahe-
dron, (fig. 16.) Occurring on but half, they produce the solid in

34

The secondary planesin fig. 19, occurring on but half the angles,
and enlarged, form the solid 1n fig. 40, which is a hemihedral form
of the trigonal trisoctahedron. Its faces are tetragonal, and, there-
fore, if a name is desirable, it may be termed the tetragonal hemi-
trisoctahedron.

The former has trigonal faces, and is, therefore, the ¢rigonal
hemi-trisoctahedron.

A trigonal hemi-trisoctahedron of gray copper ore has the follow-
ing angles:

B=109° 28’ 16/, C=146° 26/ 33".
a= 31° 28 56/, b=117° 2 8~*

¢. Hemi-Hezoctahedrons. A solid of this kind is represented in
fig. 41. It is formed by a replacement of half the angles of the
cube, by six planes, similar to fig. 24.

If all the solid angles of the cube be replaced by ¢hree alternate
planes, of siz intermediaries, ($ 48,) a hemihedral solid is formed,
which is represented in fig. 49. It differs from the above, in hav-
ing parallel opposite faces, and is, therefore, a parallel hemi-hezoc-
tahedron.

A variety of inclined hemi-hexoctahedron, having the following
angles, has been observed in boracite : - . :

A=162° 14 50,  B=124° 51/, C=144° 2/ 58"t
a= 40° 19 77, b= 54° 21’ 34/, c= 86° 19/ 197,

d. Hemi- Tetraherahedron, or Pentagonal Dodecakedron. A
cube is represented in fig. 42, with but one of the two beveling
planes on eachedge, given in fig. 10. The same enlarged, is ob-
served u}-fg. 43. - Fig. 44 represents the completed solid. The
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the first is more systematic, the solid being, in fact, a hemihedral
form of the tetrahexahedron.

Figs. 45, 46, exhibit the planes on the octahedron, which, ex-
tended, give rise to this solid, (figs. 47, 44.)

The occurring forms of this kind, both of which have been ob-
served in iron pyrites, have the following angles :

1. A=112037/ 127, C=117° 2% 11~.

a=102° 35 407,  b=108° 24’ 307, ¢=110° 17/ 40~,
2. A=126° 52 127, C=113° 34/ 41~,

¢=121° 35/ 18,  b=106° 36/ 27, ¢=102° 36/ 19~.*

Class Dimetrica.

40. Holohedral Forms.

The derivation of an octahedron from the right square prism, by
a replacement of its solid angles by a single plane each, has already
been explained. By different inclinations of this plane, different
octahedrons may be obtained.

The basal edges of this solid are also eight in number, and simi-
lar, and, consequently, by their replacement at diflerent angles, may
give rise to another series of octahedrons, sﬁgs 63, 54.)

Two intermediate planes on each angle (fig. 5? of the prism,
produce, if extended, a double eight sided pyramid, (fig. 59.) A
square prism diagonal, with the primary, may be obtained by trun-
cating its lateral edges, (fig. 61,) and an eight sided prism by be-
veling the same, (fig. 62.)

41. Hemihedral Forms.

A few hemihedral forms, appertaining to this class, are repre-
sented in figs. 63, 66, 67. The first is an irregular tetrahedron, and
is formed in a similar manner with the monometric tetrahedron.
The second is the commencement of the solid represented in fig. 67.

Class Trimetrica.

43. A replacement of the lateral edges of the right rectangular
prism, has been stated to give rise to a rhombic prism. If the edges
€, (fig. 69,) are replaced, as in fig. 78, or the edges &, as in fig. 77,
prisms will also be formed, which, from their horizontal position,
are called horizomtal prisms, (fig. 79.) The formation of octa-
hedrons has been explained, (§ 10.)

Class Tetrazona.

43. 'The derivation of two six sided prisms from the rhombohe-
dron, has been fully explained in § 14; the one by a truncation of
the six lateral edges, (}as 109, 110;) the other, by a replacement

» The signs of these solids are, w, 9@1.
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of the six lateral angles, (figs. 111, 112,) by planes parallel to the
vertical axis.

The remaining parts of the primary faces on the first of the above
prisms, are rhombic, (fig. 110;) those on the second, are pentagonal,
(ﬁﬁll&) This is an important distinction.

fig. 115, the lateral edges of the rhombohedron are beveled ;
a greater extension of these secondary planes produces the solid
represented in fig. 116, which is called the scalene dodecahedron,
its faces being scalene triangles, and its faces twelve in number.

A bevelment of the terminal edges (fig. 117) continued, gives rise
to a similar solid. A replacement of the lateral angles, by two in-
termediary planes, (fig. 118,) may produce other solids of the same
kind.

A truncation of the terminal s of the rhombohedron, is ob-
served in fig. 119. Since these are six in number, three at
one end of the crystal, alternating with three at the other, the solid,
formed by the extension of these planes, must be an oblique solid,
contained under six equal faces, or, in a single word, a rhombohe-
dron. This solid is represented in fig. 120. It is much more
obtuse than the primary. Because, also, the lateral angles are six,
and three alternate are nearer the lower extremity of the axis, and
the remaining three nearer the upper extremity, the planes on these
angles, if not parallel to the vertical axis, incline alternately above
and below, (fig. 121;) and, therefore, by their extension, will give
rise to rhombohedrons, (fig. 122.) These rhombohedrons will dif-
fer in the lengths of their vertical axes, as these planes vary their
inclination. Their nearer approach to parallelism to the vertical
axis, produces rhombohedrons of longer axes; and the six sided
prism, formed on these angles, may be considered a rhombohedron,
with an infinite axis.

An isosceles dodecahedron, (fig. 124,) so called, because its faces
are isosceles triangles, may be obtained from the rhombohedron, by
a replacement of the lateral angles, provided this replacement is
continued to the obliteration of the pri faces, and (fig. 123) is
of such a kind that the remaining primary faces (fig. 124) just equal
the secondaries produced by the replacement. In fig. 124, the
alternate faces R, R, are primary, and the remainder secondary.
Such is the origin of the pyramidal termination of crystals of
quartz. 'This solid may also be formed by replacing the basal
edges or angles of the hexahedral prism, (e, fig. 125.)

Two intermediary planes on each angle of the hexagonal prism,
produce, by their exteusion, a twenty-four sided figure, formed of
two twelve sided pyramids placed base to base.

This solid is represented in fig. 126.

Hemihedral forms often occur in the class Tetraxona, but usually
in connexion with holohedral. Under tourmaline, is represented a
six sided prism of this mineral, differently terminated at its two ex-
tremities. The secondary faces a/, @/, at the upper extremity, re-
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place the lmml“; the secondary faces, e, ¢, e, at the lower,
truncate the terminal edges; the three planes a, a, which truncate
the alternate edges of the six sided prism, replace the alternate
lateral angles.

The six lateral planes which compose the he nal prism, are
formed on the six lateral edges, (not on the angles.) We arrive at
this conclusion, by observing, that the faces P, if &’ was removed,
would be rAombic, and not pentagonal, as remarked in the com-
mencement of this section.*

On the Lettering of Figures of Crystals.

44. Some difficulty is occasionally experienced by the young
mineralogist in reading the figures of crystals, or, in other words, in
determining the particular situation of each secondary plane. This
obstacle can be wholly surmounted only by frequent comparisons
of figures with the solids they represent. It, however, may be par-
tially removed, and this comparison facilitated, by a simple system
of notation, according to which, the lettering of the planes shall de-
signate the edge or angle on which they are situated. In order that
a system for this purpose should conveniently subserve its intended
purpose, its principles should be few and simple. Such, it is pre-
sumed, will prove to be the character of the following.

In applying the following principles, a few of the primary forms
are supposed to have a certain position :

The right rhombic prism must be placed with an obtuse lateral

towards the observer; the right rhomboidal, (except for the let-
tering of its primary planes,) on its rectangular base, as in fig. 88;
the oblique rhombic and rhomboidal prisms, with the dominant
solid angle in front; it is immaterial whether at the inferior or su-
perior base. Farther than this, no attention need be paid to the sit-
uation of these solids.

¢ An exbibition of the relations of the secondary forms, above described, to their
primaries, is beautifully accomplished by means of glass models. They may be
made from common window or plate glass, by cutting the glass in the form of the
faces of the solid to be made, and then uniting them by means of glue. The author
has generally found it convenient to empIO{ a small cord between two adjacent
pieces of glass, as the adhesion between the glass and the cord, by means of glue, is
much stronger than between two pieces of glass. The forms thus far finished, may
be rendered much stronger, and, at the same time, the glue and cord concealed, b
covering the edges with very narrow strips of paper, cut for the purpose ; color:
glazed paper is preferable, on account of its less liability to be soﬂgd. The prima-
ries, when thus completed, may be placed within any secondary nearly constructed,
which afterwards can be closed up and its edges papered. We have thus an clegant
exhibition of the relations which the secondary bears to its primary. In this way, a
¥ i may be inclosed within any of its secondaries. )Izhe plane angles of the
laces in the monometric solids, are given in the preceding paragraphs. These may
be laid off on paper, and the form of the desired face obtained; by then placing the
plate of glass over the figure, the faces may be cut with a diamond and a rule, with-
out difficulty. Good glue is necwsal?' to produce the cohesion of the glass; gum
arabie suffices for attaching the slips of paper to the edges. '
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The primary planes of the prisms, if alike, as in the cube, are
lettered P; if unlike, P is retained for the basal, and M employed
for the lateral planes; and, finally, if the lateral are unlike, the
larger lateral is lettered M, the smaller T, except in the right rec-
tangular prism, whose larger lateral plane is lettered #, and the
smaller M, (see figs. 69, 87.) The primary faces of the rhombohe-
dron will be lettered R; those of the octahedron A; those of the
rhombic dodecahedron E ; the reason for using these letters will be
seen farther on. ‘See figs. 3, 4,7, 107.)

In general, the letter e may be applied to planes on the edges, a
to planes on the angles, and o to intermediaries.

If the basal edges differ from the lateral, as in the prisms, the
lRoman e may be retained for the basal, and the Italic e for the
ateral.

If any of the edges are oblique, we may distinguish the obtuse
by the mark -, the acute by the mark —, and thus may have §, &,
for planes on the obtuse and acute basal edges in the oblique prisms,
(fig. 91,) ¢, ¢, for planes on the obtuse and acute lateral edges. In
the right rhomboidal prism, the front superior basal edge is obtuse
&, the inferior acute €, while the lateral are rectangular, and are,
therefore, lettered e simply. (See fig. 88.)

In the oblique rhomboidal prism, there are two unlike obtuse
basal edges, and two unlike acute. We may letter planes on the
edge to the right hand, &, or €, on that to the left, ‘€ or ‘€.

f the front angles differ from the lateral, as in the rhombic and
rhomboidal prisms, we may retain the Roman a for the front, and
employ the lItalic a for the lateral, (fig. 72.)

If the front angles at the two bases differ, as in the oblique prism,
the planes on the obtuse may be distinguished by &, those on the
acute by 8, (figs. 96, 97.)

In the rhombohedron, the vertical solid angle may be lettered a,
the lateral a; the terminal edges e, the lateral e.

All the monometric solids will be hereafter lettered, as if derived
from the cube. In the other classes, the lettering will depend on
the primary.

The changes of the letter o for intermediaries, and the use of the
marks — and —, will follow the same changes in the letter a. That
is, intermediary planes about the angle & will be lettered 6, those
about the angle a, 0. :

The different planes on the same edge or angle, may be distin-
guished by indices, as follows: &/, a”, a”, a*, a*, &c.

The main principles in this system of notation are :

1. Lettering planes on edges, e, on angles, a, and intermedia-
ries, 0.

2. Distinguishing planes on the basal edges from those on the
lateral, by lettering the former with a Roman e, and the latter with
an Italic e.

3. Distinguishing planes on obtuse edges from those on acule,
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by placing the mark — over the letter for the former, and « for the
latter, as €, €, é, e.

4. Distinguishing planes on the frontal angles from those on the
lateral, by lettering the former with a Roman a, the latter with an
Italic a.

5. Distinguishing planes on obtuse frontal solid angles from those
on acute, by the mark — over the letter for the former, and - for
the latter.

—_——

CHAPTER IIL
DETERMINATION OF PRIMARY FORMS.

45. With a perfect understanding of the preceding sections, we
are prepared to enter on the subject of the determination of the
primary forms of minerals, by inspection of their crystals. This is
one of the main objects of the study of crystallography. The first
question which arises, on commencing the examination of a crys-
tal, is, what is its primary? To afford the means of overcomin
the various difficultics in the answering of this question, this sub-
ject will be fully discussed. ,

46. These difficulties are of several kinds, but arise principally .
from the accidental variations of form to which crystals are subject
—variations affecting the size of their faces, and sometimes the
angles. For example: a mineral, whose primary is.a cube, often
occurs under the form of & right square or right rectangular prism ;
a right square prism may appear to have the form of a cube, or a
right rectangular prism; a rhombohedron may appear to be an ob-
lique rhombic or an oblique rhomboidal prism. So that, in fact,
but little dependence can be placed on a mere observation of the
apparent form. .

Another difficulty appears to follow from the great variety of se- -
condary planes, which often completely mask the primary. This,
however, will be found not to be a difficulty; on the contrary, the
secondary planes will prove to be the surest index of the nucleus.
But difficulties may proceed from the enlargement of some second-
ary planes, and the consequent diminution of others of the same
kind. Very singular distortions of this kind occur. Under quartz,
p- 339, is a representation of a distorted crystal of that mineral.

Difficulties also arise from the imperfection of- crystals; these,
however, will generally prove no obstacle to one well acquainted

with the preceding principles, and the following remarks, which
" are deductions from these principles. :

46. 'The methods which may be employed in the determination

of the primary of a mineral, are as follow :
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1. Measurement of angles.

2. Inspection of the similarity or dissimilarity of lustre, hard-
ness, &c., of different faces.

3. Cleavage.

4. Examination of the situation of secondary planes.

1. MEASUREMENT OF ANGLES.

47. The measurement of the angles of crystals is effected by
means of instruments called Goniometers.

The simplest of these instruments, called the Common Goni-
ometer, is above represented. It consists, 1. of a semicircular arc
graduated to degrees, and, consequently, measuring 180°; 2. two
.arms, one of which, ab, is stationary, or admits only of a sliding
motion backward and forward, by means of the slits gk, ik. The
other arm turns on o, the centre of the arc, as an axis ; there is also
a slit, np, in this arm. By means of these slits, the parts of the
arms below o, that is, ao, co, may be shortened, which 1s found ne-
cessary for the measurement of small crystals. The faces, whose
inclination is to be measured, are applied between the arms ao, co,
which are opened till they just admit the crystal, and are seen to be
closely applied on the surfaces of the same. This may be deter-
mined by close examination, holding it at the same time up to the
light, and observing that no light passes between the arm and the
plane of the crystal. The number of degrees on the arc, between
k and the left edge of d, (this edge being in the line of the centre
o of the arc,) is the required angle.

For the purpose of measuring crystals partially imbedded, the
arc is usually jointed at f, so that the part, af, may be folded back
on the other quadrant. When the angle has been measured, the
arms are to be secured in their place by the screw at o, and the arc
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restored to its former position and there fastened by the bar, mo.
The angle may now be read off. .
The arms sometimes admit of being separated from the arc, in
order to obtain more conveniently the required angle. They may
then be adjusted to the arc by a simple contrivance, which will be
understood by the observer without explanation, and the angle read
off as above.
The results obtained with the common goniometet are seldom
within a quarter of a degree of truth. It is, however, sufficiently
accurate for the ordinary
observations of the mineral-
ogist. When the crystal is
destitute of lustre, it is in-
dispensably necessary. But
for highly polished crystals,
we have an incomparably
superior instrument in the
Reflective Goniometer, of
Wollaston.

48. The reflective gonio-
meter is represented In the
adjoining figure.

The principle on which
this instrument is construc-
ted may be understood, by

D reference to the following
figure, which represents a
crystal, whose angle, abc, is required.
The eye at P, looking into the
face of the crystal, bc, observes a
reflected image of M, in the direct-
ion of PN. The erystal may now
be so changed in its position, that
the same image is seen reflected
by the next face, and in the same
direction, PN. 'To effect this, the
crystal must be turned around, un-
til abc has the present direction of
bc. The angle dbe, measures, therefore, the number of degrees
through which the crystal must be turned. But dbc, subtracted
from 1809 equals the required angle of the crystal abc. The
crystal is, therefore, passed in its revolution through a number of
degrees, which, subtracted from 180, gives the required angle.
This angle might be measured by attaching the crystal to a gradu-
ating circle, which shall turn with the crystal. This is effected by
the ingenious, and beatifully simple contrivance of Wollaston, to
whom science is much indebted for rendering the above principle
of optics, subservient to the purposes of the mineralogist.
5
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AB is the circle graduated to half degrees. By means of the
vernier, v, minutes are measured. 'The wheel, m, is attached to
the main axis, and moves the graduated circle together with the
adjusted crystal. The wheel, n, is connected with an axis which
passes through the main axis, (which is hollow for the purpose,)
and moves merely the parts to which the crystal is attached, in or-
der to assist in its adjustment. The contrivances for the adjust-
ment of the ¢rystal, are at p, ¢, 7. 'To use the instrument, it must
be placed on a small stand or a table, and so elevated, as to allow
the observer to rest his elbows on the table. The whole, thus firmly
arranged, is to be placed in front of a window, distant from the
same from six to twelve feet, and with the axis of the instrument
g:mllel to it. Preparatory to operation, a dark line must be drawn

low the window near the floor, parallel to the bars of the window.

The crystal is to be attached to the moveable plate, ¢, by a piece
of wax, and so arranged, that the edge of intersection of the two
planes forming the required angle, shall be in a line with the axis
of the instrument. 'This is effected by varying its situation on the
plate, ¢, or the situation of the plate itself, or by means of the adja-
cent joints and wheel, r, s, p.

When apparently adjusted, the eye must be brought close to the
crystal, nearly in contact with it, and on looking into a face, part
of the window will be seen reflected, one bar of which must be se-
lected for the experiment. If the crystal is correctly adjusted, the
selected bar will appear horizontal, and on turning the wheel =,
till this bar as reflected, is observed to approach the dark line below
seen in a direct view, it will be found to be parallel to this dark
line, and ultimately to coincide with it. If there is not a perfect
coincidence, the adjustment must be altered until this coincidence
is obtained. Continue then the revolution of the wheel, n, till the
same bar is seen by reflection in the next face, and if here there is
also a coincidence of the reflected bar with the dark line seen di-
rect, the adjustment is complete ; if not, alterations must be made,
and the first face again tried. A few successive trials of the two
faces, will enable one to obtain a perfect adjustment.

When adjusted, 180° on the arc must be brought opposite 0, on
the vernier. 'The coincidence of the bar and dark line is then to
be obtained, by turning the wheel n. As soon as obtained, the
wheel, m, should be turned until the same coincidence is observed,
by means of the next face of the crystal. If a line on the graduated
circle now corr nds with O on the vernier, the angle is imme-
diately determined by the number of degrees marked by this line.
If no line corresponds with 0, we must observe which line on the
vernier ceincides with one on the circle. If it is the 18th on the
vernier, and the line on the circle next below 0 on the vernier
marks 125°, the required angle is 121° 18’; if this line marks
125° 30/, the required angle is 125° 48'.

If the observer is near sighted, and incapable of seeing the dark
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line at the above distance, a slate, or board of a similar form and
size, may be secured on the table at that distance which best ac-
commodates the eye, and its upper edge used for the bar of the
window, and the lower, or a line drawn on the board parallel to
the upper, for the dark line.

When great accuracy is required, and the instrument is near the
mndow, a cord extended across the window may be substituted for

e bar.

One of the most important advantages of this instrument, is its
capability of measuring the angles of crystals too minute for the
application of the common goniometer. Indeed, in general, the
smaller the crystal the more accurate is the result obtained. Its
faces are less frequently interrupted by blemishes, and are more
perfectly uniform planes.

49. In goniometrical measurements, a knowledge of the following
simxle principle in mathematics is of great importance. “ The sum
of the three angles of a triangle equals 180°,” or, in more gene-
ral terms, “ The sum of the angles of a polygon equals twice as
many right angles as there are sides less two.” 1If there are five
sides, the figure contains 2x(5-2)=6 right angles or 540°.

If, (see figure to § 36,) the angle CAE has been measured, the
angle ACF may be determined according to the above principle,
by subtracting CAE from 270°. For the two angles, BAC, BCA,
since ABC is a right angle, equal 90°; also, BAC, CAE, BCA,
ACF, added together, equal 360°. Subtracting the two which
equal 909, it leaves the sum of EAC, FCA, equal to 270°, and, con-
sequently, as above stated, if EAC is determined we may ascertain
the value of the other by subtracting from 270°. )

Having then measured EAC, in every instancs when practicable
the angle FCA should also be measured. If the sum of the two
angles thus obtained equals 270°, we may be quite confident of the
correctness of the measurement; but if not, the measurement
should be repeated.

If the angle EBF is oblique, the sum of the two angles, FCA
and EAC, can be obtained, by subtracting the angle EBF from
180°, which will give the value of the two other angles in the tri-
angle, viz. BCA and BAC, and then subtracting the result thus ob-
tained from 360°. This gives the sum of the two angles FCA,
EAC. For example, if EBF=110°, 180°-110°=70°, and then
3600-70°=290°. If, therefore, we find by the goniometer that the
two angles equal 290°, the coincidence between experiment and
calculation is quite sure proof of accuracy. If there is not this
coincidence, the measurements should be repeated. In this man-
ner may errors be avoided in the measurements of crystals, which
would otherwise obtain. .

In the determination of the primary of a mineral, the goniometer
alone is sufficient only when the primary form is actually before
the observer, and it is desired to determine whether the interfacial
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angles of the prism are right or oblique; also, if oblique, their
obliquity. It performs, however, an important service in affording
assistance in the employment of the other methods.

2. SIMILARITY, OR DISSIMILARITY OF THE DIFFERENT FACES.

50. This method is founded on the principle, that like crystalline
faces are invariably similar in lustre and general appearance, and
that unlike faces may be dissimilar in these characters.

The faces may.differ in their lustre merely, or may be marked
by lines or parallel ridges, and consequent depressions. The latter
are termed striee, and such a surface is said to be striated.

If a right rectangular prism, (as of iron pyrites,) presents on ex-
amination, similar lines or striz on the six faces, and also a simi-
larity of lustre, we are led to infer, that the primary is a cube. If
the similarity existed between the surfaces only, we would conclude
it to be a right square prism.

The difference of lustre of different faces is frequently but sli%lslrt,
and in general appearance they are often very closely similar. We
are therefore compelled, in most instances, to employ other methods
of arriving at the primary form. The dissimilarity in hardness
may be of some importance ; but, in general, it is not sufficiently
distinct to be determined.

3. CLEAVAGE.

51. This method depends on the observation of the form obtained
by cleavage, in connexion with the constant principle, that cleavage
takes place with equal ease parallel to similar faces, and to those
only; and that similar cleavages produce faces of similar lustre,
(326, 27.) Two cleavages are said to be similar, when obtained
with equal difficulty, or are equally unattainable, as well as when
effected with equal ease. The following table exhibits the cleavages
of the several prismatic primaries :

Three similar cleavages: Cube and Rhombohedron.

Two similar cleavages: Right Square Prism, Right Rhombic Prism, and Oblique
Rhomboidal Prism.

Three dissimilar cleavaga: Right Rectangular Prism, Right Rhomboidal Prism,
and Oblique Rhomboidal Prism.

If we observe a crystal with two similar rectangular cleavages,
and a third unlike the other two, the primary, according to the
above, is a right square prism. If the two similar cleavages are
obliquely inclined to one another, but at the same time, at right
angles with the third, the form is a right rhombic prism. We may
generally distin%'nish, when the faces have oblique inclinations, by
inspection merely ; in doubtful cases, the goniometer may be em-
plogred. "When we observe three equal oblique cleavages, the form
under consideration is rhombohedral ; if these cleavages are rectan-
gular, the form is the cube. .
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Minute observation is seldom required in the determination of
the similarity of two cleavages; for the difference, if any exists, is
usually strongly marked. Anhydrite is a single exception to this
remark. Its three rectangular cleavages are quite similar, though,
w}itl}: close examination, peculiarities are readily observed jn each
of them.

The employment of this method of determining the primary form,
is often attended with considerable uncertainty, arising from the
existence of other cleavages in crystals, besides those parallel to the
faces of the primary. Some reference to this subject has already
been made in § 27, b, where it is stated that a rhombic prism may
have the cleavage of a rectangular prism, and vice versa. In these
cases, we mustaﬁgcide from analogy, either assuming those planes
to be primary, parallel to which cleavage is obtained with the great-
est facility, or, in some instances, those which are of the most fre-
quent occurrence. The instances are very numerous in which this
character entirely fails of affording any assistance, on account of
the difficulty with which cleavage is obtained. Occasionally, we
may be guided by the cleavage joints, which are sometimes apparent
when cleavage is unattainable.

4. SITUATION OF SECONDARY PLANES.

52. This is the most important of the four methods for the determi-
nation of the primary of a crystal. It will merely lead us, how-
ever, to the class to which the crystal belongs, as all the forms of
the same class may have the same secondaries. For example ; the
rhombic prism may occur under the form of a secondary rectangu-
lar, and all the modifications of a rectangular prism, may be referred
to a right rhombic, (§ 10.) But for the determination of a mineral,
a knowledge of the class is usually sufficient. This being known,
by an examination of the angles, if convenient, and other charac-
ters, we soon arrive at the name sought. Generally the planes on
two or three edges, or on an angle or two, are sufficient for this pur-.
pose, and, consequently, an imperfect crystal is often adequate to
give full information. The goniometer may frequently afford as-
sistance, but usually the results may be obtained by mere inspection.

53. The principles of this method have already been laid down in
§ 28; they depend on the law, that similar parts of a crystal are
similarly modified. According to this law, the following table is
constructed, in which the peculiarities of the situation of secondary
planes in each class, are so laid down, that the whole may be com-
prehended at a single glance.

The position of the right rhomboidal prism, assumed in the table,
is that represented in fig. 88. The peculiarities of its secondary
planes, with reference to its situation on its rhomboidal base, are
described in a note.
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In the determination of the similarity or dissimilarity of planes,
the following laws are of the utmost importance, and their applica-
tion will often prove a similarity, where, from the great dissimilarity
in the size of the planes, it was not supposed to exist.

1. Planes equally inclined to the same plane, are similar.

2. Planes equally inclined to similar planes, are similar.

64. The following are a few examples of the mode of applying
this table. 'We may select, first, fig. 1, of the species iron pyrites.
Its primary form is required.

We inquire, first, are all the edges similarly modified? We ob-
serve that they are ; and, therefore, the crystal belongs to the mono-
metric system. 'The particular primary may be determined by
either of the three preceding methods.

The perfect symmetry in the forms of this class is so remarkable,
that a cursory glance will distinguish them immediately from any
of the other classes, without a particular examination of the above
fact.

Respecting a figure of calcareous spar, (see the description of this
species, in the dwcri;l;tive part of this treatise,) we ask the same ques-
tion, but find that all the edges are not similarly modified, and the
angles are not truncated or beveled. The general appearance of the
crystal alone would distinguish it from the monometric forms. We
proceed and inquire, second, Is the number of similar planes, at each
extremity of the crystal, in any instance, either three or a multiple
of three? We observe, in the figure, one R at the upper end, and
two at the lower. These latter must have their opposites above,
and, therefore, there are three R s at the upper extremity. 'This is
sufficient to decide the question in the affirmative. But, looking
farther, we also find that there are three planes e, two are visible
at the upper extremity, and the third is seen below. In these ex-
aminations, it may be taken as an invariable rule, that the num-
ber of faces of any one kind, represented at both extremities of a
Jigure of a crystal, indicates the number actually existing at eack
extremity, and for the reason that each face has one similar to it,
diagonally opposite. Hemihedrism produces some exceptions, but
tl_lely will cause no difficulty in the application of the above prin-
ciple. , :

To continue, we observe, on this principle, six planes ¢/, at each
extremity, six planes ¢, three planes a” and a’; so that, in every
instance, the number of planes of the same kind is either three, or
a multiple of three. 'The same will prove to be the fact with the
figures of apatite, quartz, &c.

We therefore conclude, that this crystal has either a rhombohe-
dron or a hexagonal prism, as its primary ; that is, it belongs to the
class Telrazona. We may infer, that the rhombohedron is the
primary, from the occurrence of only three planes of some kinds;
the hegaﬁonal prism is always modified with at least six planes of
each kind, at each extremity. See figures of crystals of beryl, &c.
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For farther elucidation, we may consider figures of the species
pyroxene and anorthite. In answer to the first and second queries,
with respect to these figures, we receive a negative reply. 'There
are not three planes of any one kind at either extremity of these
crystals. We, hence, make the tkird inquiry, are the front supe-
rior basal edges and angles modified in the same manner as those
below, or the posterior above? 'This is not true with either figure.
In the figure of pyroxene, the plane & has no corresponding one
above; so, also, there are two planes on an inferior basal egfe of
anorthite, and but one on the corresponding superior. Other planes
concur in deciding the question in the negative: but a single in-
stance is sufficient.

The figures, therefore, belong to oblique prisms, and may be of
the class Monoclinuta or Triclinata.

We then make the subordinate inquiry, Are there two adjacent
or approximate similar planes in these crystals. In the ficure of
pyroxene we observe two similar Ms. If we doubted their sim-
ilarity, we might decide it by finding with the goniometer, that &
inclined equally on these planes. Our conclusion is then imme-
diate, that the crystal belongs to the Monoclinate system. We
might also observe the pairs of faces, 4, 9, a, a, &c., and thus
could dispense with any measurement.

On examining the figure of anorthite with the same inquiry, we
find no adjacent or approximate similar planes; no plane on the

P:'T, corresponding with that on the edge P: M. The planes
‘a, a, which appear to be similar, are unlike in their inclinations,
and are therefore dissimilar. Indeed, look the whole figure through,
we find no two similar planes. We hence have no room for a
doubt, that this crystal is triclinate.

Again. With a view of examining fig. 2, of the species keavy
spar, we make the same, first, second, and third inquiries, and
find that the reply to each is in the negative. We observe, that the
similar planes are not in any instance a muitiple of three, that there
are similar planes, a a, a a, e e, at each extremity in front. We,
therefore, continue the investigation, by making the fourth inquiry,
Are there in each instance, four or eight similar secondary planes
at the extremities of the crystals, or are there but two, and not more
than four, of some planes? We observe but two planes, a. We
need look no farther; the crystal belongs to the trimetric system.
If we look farther, we find only two planes, a, and four planes, o.
If these four planes were the only secondaries at each extremity, it
would be necessary to look to the planes on the edges, and ask,
fifthly, Are all the lateral edges similarly truncated or beveled ?

ut evidently, the plane é differs from plane &. This decides again
the figure to represent a trimetric solid. With reference to fig. 3, of
idocrase, we observe the lateral edges similarly truncated and bev-
eled; we also find eight planes, o/, 0”, 0"/, 0%, &c. The conclusion
is therefore drawn, without hesitation, that the figure belongs to a
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dimetric crystal, and has a right square prism, or a square octahe-
dron for its primary.

The reader is al;i};ised to select from the figures in the descrip-
tive part of this treatise, and attempt to apply the above principles,
in order to become fully acquainted with them. In their applica-
tion, if the crystal has a prismatic form, we may consider any of
the faces of the prism as lateral planes, (with this restriction, that
if one of two similar planes be selected, the other must also be,) for
the above interrogations will apply equally well, whatever selection
be made, and the conclusions will be equally correct. Thus, in
the figure of heavy spar, we may assume é and ¢ for primary planes,
and still the conclusion will be obtained, that the crystal is tri-
metric.

DIFFICULTIES IN THE DETERMINATION OF A PRIMARY ARISING
FROM PSEUDOMORPHISM.

86. A pseudomorphous crystal, is one whick possesses a form
that is foreign to it, and which it has recesved from some other
cause, distinct from its own powers of crystallization.

Pseudomorphous crystals may arise in different ways; either by
the infiltration of foreign matter into the cavities of decomposed
crystals; by the external accretion of foreign matter on the sur-
faces of crystals; or by a decomposition of a mineral, and its -
ual replacement by another possessing some points of resemblance
with the original mineral in its chemical constitution.

The two first methods are readily comprehended; in the first,
the cavity acts the part of a mould, and gives all its peculiarity of
form to the mineral that may infiltrate into it; in the secon:{ a
series of coatings are supposed to be formed around a crystal and
thus to produce a solid, presenting the form of the included crystal,
tho:;gh entirely different in chemical composition. The last method
stated above, 1s by far the most frequent source of (fseudomorphs,
though the process by which they have been formed is often very
obscure. A number of changes of this kind have been described
- by Haidinger, in vols. ix and x, of Brewster’s Edinburgh Journal.
Specular iron, the form of whose crystals is rhombohedral, has been
observed in regular octahedrons, which is the primary of magnetic
iron ore. 'The crystal, originally, belonged to the latter species;
but a change of composition has taken &lace, without an accom-
panying change in the external form. ngnetic iron consists of
one atom of protoxyd, and two of peroxyd of iron; specular iron,
of pure peroxyd of iron: the only ch required, therefore, is
an additional oxydation of the protoxyd of iron, by which the
whole becomes peroxyd or specular iron. In a similar manner,
crystals of carbonate of lead, or white lead, are occasionally changed
into minium, or oxyd of lead, without the least alteration in exter-
nal form, the ztnw of the surface remaining perfect. Similarly,
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minium may present the form of galena ; Witherite, or carbonate of
barytes, the form of sulphate of barytes or heavy spar; tungstate of
iron or wolfram, the form of tungstate of lime, &c. In the last
instance, there is merely a substitution of iron for lime, which
would readily take slaee, provided iron were present, if any decom-
posing agent should remove the lime. Forms of this kind have
been observed at Monroe, Conn. Other instances of more difficult
explanation, are, the pseudomorphs of Prehnite, imitative of anal-
cime; of steatite, imitative of quartz or calcareous spar; of quartz,
imitative of fluor or calcareous spar. Haidinger supposes, with
respect to the last, that ¢ water, charged with carbonic acid,and b
that means holding silica in solution, may have dissolved the on-
ginal species, and deposited the siliceous matter in its stead.” It

as long been disputed, whether the crystals of serpentine were
pseudomorphous. This subject has lately been investi by
A. Quenstedt, (Annalen der Physik, etc. No. 11.1835,) who finds
them identical in form with crystals of chrysolite, and shows, that
the change requires merely an addition of water, and a removal of
a part of the magnesia, and may, therefore, be effected by the very
common agents, agueous vapor and carbonic acid."

It may be doubted whether the first species of psendomorphism
pointed out above, ever takes place in nature. More probably,
those cases which have been supposed instances of it, would more
correctly be retl'frred to the last m;lthod. '

Pseudomorphous crystals are distinguished, generally, by their
rounded angles, dull?;xrfaoes, destimlllgg:l of clgzvage j}:)intz, and
often granular composition. Their surfaces are frequently drusy,
or covered with minute crystals. Occasionally, however, the re-
semblance to real crystals is so very perfect, that they are distin-
guished with difficulty. A total want of cleavage is their most
constant peculiarity.

CHAPTER IV.

COMPOUND CRYSTALLINE STRUCTURE.

56. The compound crystalline structure of minerals may arise
either from a modification of the regular laws of crystallization, re-
sulting from the nature of these laws, or a modification produced
by the influence of other causes, in connection with these laws.

* Serpentine is represented by the following formula:—
3Mg H+ 2Mg® S and chrysolite by Mg'Si.
If to four atoms of chrysolite = g"S‘=2Mg’§’+ ﬁg‘, we add 6 atoms of water

g§§. We obtain for serpentine, 2Mg’8’+8MgH’, together with three atoms of
*» which are separated from the compound.
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In the first case, the mineral still presents, externally, crystalline
faces, and the individuals consist of two or more crystals intimately
united in their internal structure. 'They are called Compound or
Twin Crystals.

The second kind of compound structure is exemplified in speci-
mens which are said to be imperfectly crystalline, and which are
aggregations of numerous imperfect crystals, either laterally ap-
posed, as in the fibrous stmcturp; or co;&edly mingled, as in min-
erals of a granular structure.

1. COMPOUND CRYSTALS.

57. Compound crystals are the analogues of monsters in the
animal kingdom. They may be composed of two united crystals,
or of several.

Compound Crystals, composed of two individuals, or Twin
Crystals.

Representations of some of these compound forms are given in
figs. 13, 14, 15, 16, P1. II1. Their structure may be imitated by
cutting a model of a crystal in two halves, inverting one of the
halves, or revolving it 180°, and then applying it thus inverted to
the other half, bringing the same surfaces in contact that were sepa-
rated. Fig. 128 is an octahedron, which is represented as cut in
two in the plane, a, b, ¢, d, ¢, f. If we now revolve one half 60° or
1802, and reapply it to the other, it produces the forms in fig. 129.

If a rhombic prism is divided in a vertical plane, parallel to a
lateral face, (fig. 130,) as it were on an axi:‘;)assing from M to the
opposite face, tie form, (fig. 131,) is obtained. 'This is easily veri-
fied by actual experiment.

If the same rhombic prism were divided in the diagonal section,
and a similar revolution of one half were made, no twin crystal
would result. But were the prism an oblique rhombic, in which
case, the base would be inclined to the latem;flanes, a solid simi-
lar to that in fig. 14, Pl. III., would be obtained.

1

7
',/
/7 R\

b M

The first of the above figures is a right square prism, terminated
by four sided pyramids. This selid we may bisect in the plane,
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which is a diagonal section passing from one solid angle to the op-
posite. One half inverted and applied to the other produces fig. 2.

We have thus described all the kinds of twin crystals composed
of two individuals, that occur in nature.

1. In the first, composition was effected parallel to a primary
face.

2. In the second, parallel to a plane on an edge.

3. In the third, parallel to a plane on an angle.

The plane on an edge referred to, is the truncating plane of the
same, or what corresponds to it in the inequilateral primaries ; that
is, it has the simple ratio 1 A: 1 B, (§ 35.) Also the plane on an
angle is the truncating plane of the same, or that which has the
simple ratio 1 A: 1 B: 1C.

The twin crystals produced by the above methods, will hereafter
be described as twin crystals of the first, second, and third kinds.

Composition parallel to some other plane on an edge, or angle,
occasionally occurs in crystals which are hemihedrally modified,
or which invariably t-Eresent a certain secondary form, proving
some peculiarity in the nature of the attractions by which the
crystal is governed.

These crystals may be modified by secondary planes in the same
manner as simple crystals, and thus are often produced some of the
most complex solids that engage the attention of the crystallogra-
pher.

Fig. 16, PL. IIL, is a scalene dodecahedron of calc spar, in which
composition has apparently taken place, parallel to a horizontal
section through its centre. By considering the situation of the
primary rhombohedron in this solid, it is perceived that the com-
position is parallel to the plane truncating the terminal solid angle,
and is, consequently, of the third kind. This figure presents none
of the faces of the rhombohedron, which indicates the perfect union
that exists between the two individuals, or rather, that their union
‘was cotemporaneous with the commencement of their formation,
and proceeds from the double nature of the first stone that was
laid in the construction of the crystal. These forms are, in this
respect, distinct from a kind of compound crystal, arising from
the union of two crystals some time subsequent to the commence-
ment of their formation. 'The forms above described, are connatal
compound erystal, those just referred to, postnatal ; the commence-
mencement of the former being cotemporaneous with that of the
crystals composing them, while in the latter, it is subsequent to the
same,

Comgpound Crystals, composed of more than two Individuals.

68. The same kind of composition often takes place parallel to more
than one primary face, edge, or angle, and thus are produced com-
pound crystals, composed of several individuals. Fig. 3, P. IV,
1s a hexagonally prismatic crystal of white lead, in which composi-
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tion has taken place parallel to two primary faces. This crystal re-
sembles a secondary to a rhombohedron or hexagonal prism, but is
distinguished by the inequality of its lateral angles. Fig. 5, Pl. 1V,
is a stellated form of carbonate of lead, in which the composition
is parallel to all the lateral faces.

This subject will be continued more at length in a future sec-
tion when treating of the internal structure of crystals.

Compound crystals may usually be distinguished by their re-
entering angles, or by the strie ontheir surface. These strize meet
at an angle in the line where composition has taken place. (See a
figure of a compound crystal of chrysoberyl.)

It is very possible that twins of the first kind may occur in the
rectangular prisms, which are not distinguishable on account of
the rectangularity of the crystals. An attempt to form a twin crys-
tal of the first kind out of a rectangular prism, that would exhibit
its compound structure, would be ineffectual. It requires obliquity
in some of the interfacial angles. Some undoubted instances of
the occurrence of a compound nature, in crystals of this kind, have
}aeen detected by Sir David Brewster, by the assistance of polarized

ight.

Postnatal Compound Crystals.

59. We have already defined postnatal twins, to be those in which
the composition has taken place, after each crystal had attained
some considerable size. Figure 9, of quartz, represents one of these
double crystals. 'The simple crystals in these instances are uni-
formly united by similar parts, and, consequently, have their simi-
lar faces parallel.

Groups of crystals, consisting of aggregations of crystals of va-
rious sizes, are frequently instances of postnatal composition. Often,
however, the aggregation is very irregular.

The doubly geniculated crystals are instances of a second kind of
postnatal compound crystal. One of the forms is represented in
fig. 12, P. IV. 'These geniculations were evidently formed after the
crystal had attained some size, and not at the commencement of its
formation. (For a more particular account of the structure of
these forms, see the remarks on Crystallography, (§ 74—79.)

2. AGGREGATIONS OF IMPERFECT CRYSTALS.

60. The greater part, and probablgeall, of the specimens of
minerals that occur on our globe, may be described as aggregations
of imperfect crystals. Even those whose structure appears the
most purely impalpable, and the most destitute internally of any
similarity to crystallization, are probably composed of crystalline

rains. An examination of Chalcedony by means of polarized light,
gy Sir David Brewster, has proved this to be true with respect to
this mineral, and few species occur which appear to the eye more
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perfect specimens of a complete absence of crystallization. Indeed,
what is still more remarkable, according to Sir David Brewster,
“ the phenomena of polarization have proved that the jellies of
oranges and gooseberries are really crystallized, and that they even
possess double refraction.”™ We, consequently, shall include under
the above head, all the remaining varieties of structure in the min-
eral kingdom. The only certain exceptions are liquids and gases,
and these are so few, and require so few remarks, that a separate
caption for them is thought unnecessary.

The individuals composing imperfectly crystallized individuals,
may be

1. Columns, or fibres, in which case the structure is columnar.

2. Thin lamine, producing lamellar structure.

3. Grains, constituting the granular structure.

1. Columnar Structure.

61. A mineral possesses the columnar structure, when it is com-
posed of elongated columns. These columns vary much in their
relative situation, and produce several varieties of the columnar
structure.

Fibrous ; when the columns or fibres are parallel. Ex. gypsum,
asbestus.

Reticulated ; when the fibres, or columns, cross in various direc-
tions, and produce an appearance having some resemblance to
a net.

Stellated, or stellular; when they radiate from a centre in all
directions, and produce a star-like appearance. Ex. stilbite, gyp-
sum.

Radiated, divergent ; when the crystals radiate from a centre,
but not, necessarily, so as to produce stellar forms. Ex. quartz,
graé antimony.

lobular, reniform ; when, by radiating from a centre in every
direction, a spherical, hemispherical, or kidney-shaped form is pro-
duced. When attached as they usually are to the surface of a rock,
these are described as implanted globules. If the surface of the
globular masses is rough with minute terminations of small crys-
tals, it is described as drusy. This term is also applied to other
varieties of structure, with surfaces similarly roughened by crys-
tallization.

Botryoidal ; when there is a tendency to radiation from a centre,
and the surface formed, is covered with rounded prominences. The
name is derived from the Greek, Sicgus, @ bunch of grapes. Ex.
hematite, Chalcedony.

Mammillary ; resembles the botryoidal, but is composed of
larger prominences.

* Brewster's Ed. Jour. Vol. 10, p. 8.
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The fibres are described as filiform or capillary, when very
slender and much elongated.

Stalactitic ; when the fibres radiate from a central column.

This term is generally applied to minerals of a certain mode
of formation rather than peculiarity of internal structure. Those
forms are called stalactites which have been produced by the
percolation of water, holding in solution some mineral matter,
through the rocky roofs of caverns, or, it may be, small cavi-
ties. The evaporation of the water produces a deposit of the mine-
ral matter, and gradually forms a long pendant cylinder or cone.
The internal structure may be perfectly crystalline, or may con-
sist of fibres radiating from the central column. Carbonate of lime
is the principal mineral that presents the above forms. It is ob-
served also in Chalcedony, Gibbsite, brown iron ore, and many other
species.

2. Lamellar Structure.

62. The structure of a mineral is lamellar, when composed of

plates or leaves. The lamins may be curved or straight, and thus

ive rise to the curved lamellar, and straight lamellar structure.
. tabular spar, some varieties of gypsum, talc, &c.

3. Granular Structure.

63. The granuler particles of composition differ much in their
size. When very coarse, the mineral is described as coarsely gran-
ular ; when fine, as finely granuler ; and if not di.stinﬁxishable by
the naked eye, the structure is termed impalpable. Examples of
the first may be observed in granular carbonate of lime, colo-
phonite, the coccolite variety of pyroxene; of the second, in some
varieties of specular iron; of the last, in Chalcedony, opal, and
most of the mineral species

The above terms are indefinite, but from necessity, as there is
every degree of fineness of structure in the mineral species, from
the perfectly impalpable, through all possible shades, to the coarsest

ular.

Globular and reniform shapes are occasionally presented by min-
erals of a lamellar or granular structure.
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SECTION II.
CRYSTALLOGENY.

64. The following remarks on Crystallogeny, or the formation
of minerals, will be distributed in two sections.
.- 1. The theoretical part, in which will be considered the various
theories which have been adduced to account for the structure of
crystals, and a particular account of that which appears to be most
consistent with observed facts.

2. The practical part, including the different processes of crys-
tallization and the attendant circumstances.

CHAPTER L
-THEORETICAL CRYSTALLOGENY.

THEORIES OF VARIOUS AUTHORS.

6b. The question naturally arises in the mind of the student of
nature, what are the laws by which molecules are superimposed on
molecules in perfect order, and these tiny yet wonderful specimens
of architecture constructed? What is this crystallogenic attraction?
‘What the nature of the ultimate particles of matter ?

Speculations on these subjects have displayed the ingenuity of
men of science in various ages of the world. The Grecian phi-
losophers, to account for the various phenomena in nature, ima-
gined these ultimate particles or atoms to be at different times,
“round, oval, lenticular, flat, gibbous, oblong, conical, smooth,
rough, quadrilateral,” and, to afford these atoms the means of
uniting in the production of compounds, provided them with
hooks. Such crudities are evidence of the utter futility of study-
ing material nature, in the same manner as immaterial, relying
on thought—aided, it may be, by the sensations, but unassisted by
any inquiries into the nature of matter itself—for a knowledgle of
the qualities of matter. 'The investigations of modern times have
not, indeed, answered the query, what is this plastic power in na-
ture ; but they have led philosophers to be satisfied with calling it
by the general appellation, attraction ; a term rather expressive of
the fact, that the particles combine, than explicative of the nature
of this power.

+ Epicurus.
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This subject lay uninvestigated, and possibly unthought of,
from the times of the ancient philosophers till the 13th century.*
From the 13th to the 17th century, appeared Albertus Magnus,t

icola,} Ceesalpinus,$ Boetius de Boot,| Baptista von Helmont,¥
Christian Huygens,** Boyle,tt and many others, who advanced va-
rious hypotheses as to the seeds of crystals, their generation, &c.
But, excepting Huygens, who, in a very recondite treatise first de-
veloped the doubly refracting nature of Iceland spar, and inferred
that its elementary particles were spheroids to account for this
peculiar refraction, none made any real improvements on the spec-
ulations of their predecessors.

With Nicolaus Steno, towards the latter part of the 17th century,
commences a new era. 'This author examined minutely, the dif-
ferent forms of several minerals and accurately described them.
He also first noted the important fundamental fact in Crystallogra-
phy, afterwards rediscovered, that, although the faces of crystals
are subject to frequent variations of form, their inclinations
remain constant.tl! In the commencement of the 18th century,
Gulielmini published on the crystallizations of the salts, where he
advanced another principle equally fundamental, that clecavage in
crystals of the same substance yields constantly the same forms.
Gulielmini was led, by these observations, to the same conclusions
as the Abbé Haiiy, namely, that the elemen corpuscles of bodies

those sumple forms which may be obtained from crystals
by cleavage.t§ He, however, neglected to extend his investigations

* Many of the following facts have been cited from a valuable work on the his-
of Crystallography, by Dr. C. M. Marx, entitled, GescAickie der Crystalikunde,
314 pp. 8vo. Carlsruhe und Baden. 1825.

t+ De Mineralibus et Rebus Metallicis. 12mo. Colon. 1619.

$ De Ortu et Causis subterraneorum. Basilize. 1657. fol.

§ De Metallicis Libri Tres. Noriberge. 1602. In Book IL 19, he says: “ Relin-
quitur igitur ut sola hexagona fiat, sola enim perfecta est, quia fit ex triplici divisione
superficiei ad angulos acutos, sex triangulis in unum veluti centrum coeuntibus, ut
omnes anguli externi majores sint recto, ideo ad circuli naturam prtg)e accedunt.”

I Gemmarum et Lapidum Historia, quam olim edidit Anselmus Boetius de Boot,
postea Andr. Tollius. Lugd. Bat. 1647.

% In a work published in German at Sulzbach, in 1683, he subscribes to the opin-
ion, that the different crystals, like plants and animals, proceed each from its own
peculiar seeds.

*+ Christ. Ihggem’i Op. Vol. I. Amst. 1728. 4to. Tractatus de lumine.

+ R. Boyle, secimen de Gemmarum Origine et Virtutibus. Colon. Allobr. 1680.
4to. P. 6, we find, “ Reperiebam in solida lapidis massa cavitates, quarum latera
undique circumdederant concretiones, que cum essent pellucide instar crystalli et
elegantissime figurate, (calcareous spar?) videbantur fuisse succus lapidescens pu-
rior, qui tandem percolatione quadam per substantiam crassioris lapidis penetraverat
in illas cavitates, et postquam evaporassent superflue et aquez partes, aut imbibitas
fuissent a vicino lapide, polerant concurrere in pura illa crystalla.

83 Nic. Stenonis, Dissertationis Prodromus de Solido intra Solidum naturaliter
contento. Pistorii. 1763.—(first published at Florence, 1669, also, in the Collect.
Academ. de Dijon. Partie etrang. T. IV. p. 383.)

$§ De Salibus Dissertatio epistolaris physgco-medico-mechmica conscripta & Do-
minico Gulicimini. Lugd. Bat. 1707. 8vo. p. 2. Determinatam figuram non ab uni-
versali aut particulari architectonico spiritu, non a propria innominata forma, sed a

7
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on this subject, and left to Romé de Lisle and Haiiy, the honor of
founding the science of Crystallography.

Several writers on these subjects appeared during the half cent-
ury following Gulielmini ; but they made no essential additions to
facts.—The theory of tetrahedral atoms was advanced by Ludwig

Bourguet.*

J. %(Voodward, an English author, makes quartz crystal the
source of all crystallizations, concerning which, he thus expresses
himself in his treatise on his collection of “English Fossils,”t p.
146: « There is in all spar more or less crystal, which renders it
more or less diaphanous,” &c. Again, p. 220: « Crystal, pure and
without mixture of other matter, concretes even into an hexagonal
figure, pyramidal or columnar, terminating in an apex or point.
Mineral or metallic matter concreting with it, frequently determines
it to other figures peculiar to the disposition of each kind of that
matter. Iron concreting with crystal, determines it to a rhomboid
figure ; tin, to a quadrilateral pyramid, lead, to a cubic.”

Somewhat similar was the opinion of Linnseus, who supposed
that all crystals contained a salt, and to this owed their crystal-
lization.y This theory obtained considerable credit at that time.
We find it clearly expressed in the Philosophical Transactions for
1749, p. 250, by W. Borlase, «“'Tis by the force of salts that liquid
bodies are thrown into all the geometrical planes, angles, and more
compounded shapes, the variety of which is no less surprising, than
the constancy and uniformity of each particular species.” The
discoveries in chemistry soon dissipated these views, and at last
established philosophers on this settled ground, that the power of
crystallization is naturally and independently inherent in all inor-
ganic matter.

Immediately preceding the commencement of the Abbé Haiiy’s
very successful scientific career, appeared Bergman, Werner, and
Romé de Lisle. Bergman has the honor of discovering the primary
forms of crystals, and Romé de Lisle, that of first measuring their
angles, and thus rendering crystallography subservient to the pur-
poses of the mineralogist.

Haiiy seems to have entered on his studies with an entire igno-
rance of the investigations of Bergman and Gulielmini, and in all
his observations was an original investigator. A mere accident,

primarum particularum schemate unice esse derivandam. P. 10; corpuscula insec-
tilia, terminata planis sug)erﬁciebus ita ad invicem inclinatis, ut simplicem aliqgnam
includent figuram. P. 19; figuris non omnibus, quee possibiles sunt, utitur natura, sed
certis quibusdam tantum, quarum determinatio non est a cerebro eximenda, auta
priori probanda, sed ab experimentis et observationibus desumenda.

* L. Bourguet, Lettres philosophiques sur la formation de sels et de cristaux. Am-
sterd. 1729. 8vo.

+ An attempt towards a natural histo?' of the fossils of England, in a Catalogue of
the English Fossils in the eollection of J. Woodwward. 2 vols. Lond. 1728-9.

t Systema Naturee. ed VI. p. 160. Crystallus lapidea sal non est, sed continet sal,
pujus figaram gerit, omnis epim crystallizatio ex sale, &c.



THEORETICAL CRYSTALLOGENY. 51

the dropping of a crystal from his hands, and its fracture in conse-
quence, exhibited to him the rhombohedral particles of carbonate
of lime. He was thus induced to commence his investigations, and
with his philosophic mind soon arrived at general conclusions as
to the primary forms.—An obvious theory as to their structure, that
already proposed by Gulielmini, though unknown to Haiiy, was
the next result of his investigations. gI‘he primary cube he ima-
gined to be constituted of cubic molecules, for cubes and cubes
only, can be obtained by mechanical division. Similarly, the rhom-
bohedron was formed of rhombohedral molecules.

Investigations, with respect to the situation of secondary planes,
and the laws which govern their formation, gave the Abbé, what
appeared to be, additional proof of the correctness of this the-
ory. He discovers, that the formation of secondary planes on the
edges of crystals, may be imitated by composing a primary of its
molecules, and dropping one row, (or, in his phraseology, by a de-
crement of one row,) of particles, in each direction, as 1n fig. 132,
or, two rows in one direction, and one in the other, (fig. 133,) or,
three rows in the first and one in the second, or, in some other
simple ratio: also, that planes on the angles may be formed either
by dropping a single row in each of the three directions about
an angle, which he calls, (as also in the first case above,) his simple
decrement, and may be expressed by the ratio 1: 1: 1; or by
the ratio 1:1:2, thatis, two in height, and one in each of the
other directions ; or the ratio1:1:3,0or1:1:%. These, and a few
other simple ratios, would form all actually occurring planes on
angles. These splendid results proved, that the science of Crystal-
lography was founded on a sure mathematical basis, at the same
time, that they apparently afforded very convincing evidence of
the truth of Haiiy’s views of the structure of crystals, and the na-
ture of their molecules. _

It however appeared to be a difficulty, that cleavage was in some -
instances, obtained parallel to two primaries at the same time. The
rhombic prism, besides its thombic cleavage, admitted of cleavage
parallel to its diagonal, thus dividing it into two three sided prisms.

in, the octahedrons could not be composed of octahedral mole-
cules except by leaving large spaces, to fill which, tetrahedrons
were necessary. 'The Abbé Haily surmounted the first difficulty,
by supposing the molecules to be composed of still simpler solids,
which he called integrant molecules. These are the tetrahedron,
the three sided prism, and the parallelopiped.

The second difficulty however remained, and could only be sur-
mounted by the improbable hypothesis of two nucleal solids, an
octahedron and a tetrahedron.

Its difficulties lay unremoved, when Dr. Wollaston brought for-
ward his very ingenious views on the spherical forms of the mole-
cules of bodies, in the Philosophical Transactions for 1813. It is
easily conceived, that many otp the primary solids in Crystallogra-
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phy may be formed by the regular aggregation of spheres. Two
four sided pyramids of shot, similar to those frequently seen in ar-
senals, placed base to base, form the regular octahedron, glg 134.)
If to the octahedron, two three sided pyramids (tetrahedrons, fig.
136,) are added, one on each of two opposite faces, a rhombohedron
is formed, (fig. 135.) A rhombohedron of this kind is easily ob-
tained in the cleavage of fluor spar; it is reduced to the octahe-
dron by separating two tetrahedrons.

Rhombohedrons, however, occur of various angles. To ob-
tain these, it is only necessary to suppose the particles of other
rhombohedrons to be spheroids, instead of spheres ; spheroids are
also his molecules of the prisms. 'The formation of the cube is
illustrated by Dr. Wollaston, as follows: « Let a mass of matter be
supposed to consist of spherical particles, all of the same size, but
of two different kinds in equal numbers, represented by black and
white balls; and let it be required that, in their perfect intermix-
ture, every black ball shall be equally distant from all surrounding
white balls, and that all adjacent balls of the same denomination
shall also be equidistant from each other. I say, then, that these
conditions will be fulfilled, if the arrangement be cubical, and that
the particles will be in equilibrio.” He had previously stated that
“a cube may evidently be put together of spherical particles, ar-
ranged four and four above each other; but this is not the form
which simple spheres are naturally disposed to assume, and, con-
sequently, this hypothesis alone is not adequate to its explanation.”

This theory, in simplicity, is in some respects far superior to that of
the Abbé Haily. Instead of several different forms, as integrant mole-
cules, and a distinction between proximate and integrant molecules,
Wollaston’s theory supposes the existence of but one varying solid,
the spheroid—of which the sphere is properly a variety—and this
hypothesis is found fully sufficient for the production of every form
presented by inorganic nature.

But, we regret to say, that this theory, in some particulars, man-
ifests that it received very sparingly the attention of the philoso-
phic mind of Dr. Wollaston ; and we regret it, because Wollaston,
if any one, was able to have determined the true principles of crys-
tallogeny. The cube and rhombohedron are similar solids, differ-
ing merely in that the latter is oblique. It is surely improbable,
then, that so different should be their atomic arrangements as Dr.
‘Wollaston’s theory supposes; or with reference to the cube alone,
that its formation, or even the explanation of it, should require the
presence of two kinds of particles? The inquiry also still remains,
What is the power which aggregates these spherical molecules in
forms so regular, bounded by planes so constant in their interfacial
angles? hy is the aggregation of spheres represented in the oc-
tahedron, (fig. 134,) more than any other the « natural grouping”
of molecules?
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. Other theories have been proposed on this subject; but they
seem wholly inadequate to explain the various phenomena.

Without considering farther the history of the science of Crys-
tallogeny, I will proceed to an exposition of what appears to be
the true nature of the molecules and molecular action in the forma-
tion of crystals ; and, in treating of this subject, I shall first examine
into the forms of the crystalline molecules, and the nature of crys-
tallogenic attraction ;* second, the laws by which the molecules a%-

egate themselves in the construction of the primary solids; third,
the formation of compound crystals; fourth, the formation of second-
ary planes ; fifth, the influence of extraneous causes, producing dis-
torted crystals, and aggregated crystallizations.

THE NATURE OF CRYSTALLINE MOLECULES.

66. By crystalline molecule, is understood, the molecule in the
state peculiar to it, when about to enter into the constitution of a
crystal, or when a constituent part of a crystal. Evidently, some
important change is effected in the molecules at the time of crystal-
lization. The moment hefore, they lay in close connection, but per-
fectly regardless, if I may so exptess myself| of each other. But in
the act of crystallization, they unite almost instantaneously, and are
firmly compacted in the hard unyielding crystal.

Forms of Molecules.

67. We adopt, in part, Wollaston’s theory of spherical and sphe-
roidal molecules, and suppose the molecule of each primary to be
that spheroidal body, or ellipsoid, which described within the prism,
touches the centres of its faces. 'These molecules, by their aggre-
gation, must produce the same forms as proceed from the aggrega-
tion of Abbé Haiiy’s polyhedral molecules ; that is, they should have
the same proportional height, breadth, and thickness, or otherwise
they will not, by combination, produce a primary form of the same
dimensions. To explain farther, the molecule of a right rectangu-
lar prism must have the same relative length, breadth, and thick-
ness, as this primary ; else a right rectangular prism of these par-
ticular dimensions will not be formed by a union of its molecules,

We may therefore lay down this principle, an ellipsoidt—uwhich,

* The following views on crystallogeny, were first read before the Yale Natural
History Society, March 3, 1836, and published in Volume XXX. p. 275, of the
gmencl:n Journal of Science, in an article on the Formation of Compound or T'win

stals.

l:ryTl:e following remarks are made in explanation of the solids, termed ellipsoids,
or solid ellipses, and their conjugate axes and diameters.

AA’ BB, is a plane ellipse. A’B’, AB, two lines crossing at right angles, are
termed its conjugale azes; a’V, ab, its conjugate diameteys, The relative situation
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described within the prism, touches the centres of its prismatic
faces, is the elementury molecule of this prism ; or, in perhaps
clearer language, it is the largest ellipsoid that can be placed within
Haiiy’s prismatic molecule, having the same height and other dimen-
sions.

Crystallogenic Attraction.

68. The ordinary attraction of cohesion has been considered an
adequate cause of the union of molecules in the production of the
regular crystal. This attraction acts, however, In every direction
from the centre of the particle, and, consequently, will cause an
addition of particles in no fixed direction, and therefore will inva-
riably produce a spherical solid. Proof of this fact is observed
in every drop of water, or globule of mercury, whose spherical
forms result from the influence of this kind of attraction. To produce
solids, bounded by a definite number of surfaces, there is required a
definite number of directions for the exertion of the attraction. If
attraction is exerted in but one direction, the particles will unite
only in this direction, and by their union will form only a single
line of spheres; exertion in two directions will, in a similar man-
ner, produce a figure of two dimensions only, that is, a plane; in
three directions, a figure of three dimensions, or a solid bounded
by six faces, as the cube. For the formation of the prisms, it is
therefore necessary that the mutual attraction of the particles be
exerted in three fixed directions in each molecule.

of these conjugale diameters is such, that if a line, (mn,)

be drawn, touching the ellipse at a the extremity of one
diameter ad, it will be parallel to the other a’t’.” When .
ab and a’¥ are equal, they are termed the equal conju- 4
gale diameters ; when they intersect at right angles, they /
are, as stated above, the conjugate azes.

The revolution of a plane semi-ellipse, AB’B, around
one axis, describes the surface of a solid, which is de- 4
nominated an ellipsoid of revolution. Let the semi-
ellipse AB’B, revolve on AB as an axis, all the sec-
tions of the described solid, passing through AB, will
be ellipses, of the same curvature as the above plane
ellipse, their curvature being determined by that of AB’B.

Again, as every point in the curve AB’B, describes a

circle in its revolution about AB, the sections parallel

to the plane described by A’B’, or at right angles with AB, are circles, and, conse-
quently, the lateral axes which lie in the section A’B’, arc equal. The ellipsoid of
revolution has, therefore, its sections in one direction, circles. If these sections are
ellipses, the solid is still an ellipsoid, but not one of revolution, as the simple revolution
ofa Elane ellipse will not describe it.

The axes of ellipsoids are three, and intersect at right angles. The three conjugate
diameters are any lines so drawn that a plane touching the ellipsoid at the extremity
of one, is parallel to the plane in which the other diameters are situated. Each face
of a prism, which touches the ellipsoid at the extremity of one crystallogenic axis, is
necessarily parallel to the plane in which the other two axes are situated, (figs. 1, 3, 7.
Consequently, the crystallogenic axes, (lines connecting the centres of opposite fu:es,;
are always the conjugate diameters of the ellipsoid, and, if they intersect at right
angles, are called conjugate axes.

A'\m
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69. These fixed directions may be denominated axes, and their
extremities, poles, the one north, the other south. In each instance,
the axes connect the centres of the faces of the prism; for action
in these directions only can produce solids similar to the prisms.

a. Cube. The crystallogenic axes of the cube are three equal
lines intersecting at right angles, and hence the molecule is a sphere,
with three equal conjugate axes, as axes of attraction, (fig. 1, Pl. III.

Influenced by these axes, the spheres will combine as in fig. 2,
and a cube will be formed in the same manner as by the aggrega-
tion of an equal number of cubes.

b. Rt. Square Prism. The length of this prism being unequal
to its breadth, and its breadth and width equal, the same must be
true of the molecule, and consequently it is an ellipsoid of revolu-
tion, (fig. 3.) Its lateral axes are equal to one another but unequal
to the vertical, and intersect at right angles. The axes of these
molecules have thus a situation similar to those of the cube, and
by their action will form a solid differing from the cube only in its
varying height, that is, a Right Square Prism.

¢. Rt. Rectangular Prism. 'This solid has three unequal di-
mensions, and therefore the three conjugate axes of the molecule
are unequal, and the horizontal section is an ellipse. "The mole-
cule therefore is not an ellipsoid of revolution. Fig. 4, is a trans-
verse section of the prism and ellipsoid.

We may consider the molecule of the cube an ellipsoid with
three equal axes, that of the right square prism, an ellipsoid with
but two of its axes equal, and that of the right rectangular prism,
an ellipsoid with three unequal axes.

d. Rt. Rhombic Prism. Fig. 5 exhibits a horizontal section of
this prism and its molecule. 'The molecule is similar to that of
the rectangular prism, but its axes, which connect the centres of
the opposite faces, are obliquely inclined, and being equal, are the
equal conjugate diameters, instead of its conjugate azes. 'The
vertical axis, as in the preceding prisms, is still one of the conju-
gate azes. 'The same is the fact with the

e. Rt. Rhomboidal Prism. Its lateral axes are however une-
qual, ‘sﬁg. 5,) and may be any unequal conjugate diameters of the el-
lipsoid, at right angles with the vertical axis.

f. Rhombohedron, Oblique Rhombic and Rhomboidal Prisms.
In the oblique prisms, the vertical axis is inclined, and is not there-
fore one of the conjugate ares, but a conjugate diameter to either
of the lateral axes, which are also conjugate diameters. The late-
ral conjugate diameters are equal in the rhombic, but unequal in
the rhomboidal prism. In the rhombohedron, the lines connecting
the centres of opposite faces are equal, and consequently the ellip-
soid is one of revolution, and the three crystallogenic axes, its
equal conjugate diameters, figs.7, a, and 7, b. 'The dotted let-
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ters in the above figures are supposed to be situated on the back
faces.* :

70. A comprehensive view of the molecules and their axes is
given in the following table.

Prisms, all of whose cryst. axes intersect at ( axes equal—Cube.
right nnilw, and are therefore conjugate { twoonly equal—Rt. Square Prism.
azes of the ellipsoidal molecule the three unequal—Rt. Rectang. Prism.

Prisms whose lat. axesare oblique- { lat. axes, equal conj. diam.—R#. Rbc. Prism.

ly incl. and are therefore conj. .
rf;am. (notaxes) of the molecule { 12t 3Xes, unequal conj. diam.—Rt. Rbdl. Prism.

at obligue angles, and are therefore { two lateral axes, eq. conj. dia.—0b. Rbc. Prism.
conj. diam. (not axes) of the molec. { thethree axes, uneq. conj. di.—0b. Rbdl. Prism.

Prisms, all of whose axes intersect gthe three axes,equal conj. diam.—RAombokedron.
From this table it is apparent, that all possible positions of these
diameters occur in the forms of crystals, from an equality and rec-
tangularity in the cube, through different variations in length and
situation, to a general inequality in length, and a like inequality
in their mutual inclinations, as in the oblique rhomboidal prism.

Moreover we perceive that all the prismatic primaries, may pro-
ceed from one simple solid, an ell(ilpsoid, (a sphere being an ellipsoid
with equal rectangular axes,) and all may result from a variation
merely, in the length and direction of the conjugate diameters of
this solid. The simplicity which this view of the subject gives
to the whole science of crystallography, is obvious.

71. With respect to the primary octahedrons and dodecahedrons,
it is probable that the regular octahedron and dodecahedron are
formed from the axes of the cubic molecule, so modified as to pro-
duce a cleavage parallel to their primary faces: also that the other
octahedrons contain the same molecule as the prisms of the same
bases. It has already been remarked that the right rhombic prisms
often admit of cleavage parallel to one of the §ingonals. A simi-
lar occurrence in the cube would give rise to a rhombic dodecahe-
dron as the result of cleavage.

72. It has been stated that the axes of attraction have polarity.
We have not the means as yet of determining in every instance
which are the North, and which the South poles of a crystal. It
may however be inferred with reference to the rhombohedron, that
the three poles about each vertical solid angle are of the same
name, those about one, North, and those about the other, South.
In crystals of turmaline there is then some correspondence be-
tween the crystallogenic poles and those induced by heat. Proba-
bly also in the oblique prisms, the poles about a dominant solid an-
gle are of the same kind. It is also probable that the poles about

* The Rhombohedron thus formed differs materially from that proposed by Wol-
laston, (fig. 128.) The molecules influenced by these {xes, will prgdul:;sean a¥'mnge-
ment similar to that in the cube and other prisms.
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an acute in the right prisms are of the same kind, as marked
in fig. 5. Farther than this, it is impossible to distinguish the poles
of the axes in the different primaries.

LAWS GOVERNING THE CRYSTALLINE MOLECULES IN THE FOR-
' MATION OF THE PRIMARY SOLIDS.

73. The molecules of matter in the act of crystallization, are in-
fluenced by the usual principles of attraction, the repulsion of like
poles and the attraction of unlike, that is, two norths or two souths
repel, a north and a south mutually attract. There is this pecu-
liarity however, that only the unlike poles of similar ares will
unite. An attraction exists between the north pole of the vertical
axis of one molecule, and the south pole of that of another; but
none between the north of the vertical axis and the south of a lat-
eral, when the lateral and vertical are unlike axes. No reason can
be required for a fact which appears to be so natural a deduction-
from the general nature of attraction. We should rather be aston-
ished if the fact were otherwise. It also proceeds from the nature
of this attraction, that similar axes will by their union form a straight
line; that is, will unite as in fig. 9, PI. IIl, and not as in fig. 11.

The most probable hypothesis of the process of crystallization
appears to be the following : At the time of crystallization, the mo-
lecules, leaving the spherical form of the fluid state, (unless the
crystalline molecule is a sphere,) assume their ellipsoidal forms, and
cotemporaneously their crystalloFenic axes. 'These forms and
axes depend on the nature of the elements in the ‘crystallizing com-
pound. Instantly on the assumption of these axes, the union com-
mences. 'The molecule which first assumes its form, becomes the
nucleus, around which those subsequent in their formation aggre-
gate according to the above laws. The result is one of the regu-
lar geometrical solids of crystallography.

FORMATION OF COMPOUND CRYSTALS.
1. Connatal Compound Crystals.

74. 'The mutual influence of the molecules causes them to as-
sume the parallel position of fig. 9, unless some peculiar circum-
stances operate to prevent it. During the formation of the myriads
of crystals which are produced at every process of crystallization,
it must be no uncommon occurrence that two molecules, assuming
simultaneously their axes, should be situated in close proximity,
and in the position given in fig. 10, Pl IIIl. A north and south
pole are here adjacent, as in fig. 9; but a north pole of one of the
axes of one molecule, has the direction of the south pole in the oth-
er molecule. There is a natural tendency to an inversion of one
molecule, in order that the joinin‘g axes may be in the same
straight line; 8but this tendency is far inferior to the strong attrac-
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tion exerted between the adjacent north and south poles. 'The mo-
lecules therefore unite as in fig. 11, and constitute, by their union,
a nucleus, each half of which acts independently of, though in
connection with, the other, and thus produces a compound crystal.
To this accident is owing the formation of compound crystals of
the first kind, (4 57,) or those in which composition has taken place
parallel to the primary faces. Fig. 13, Pl. III, represents a crystal
of Arragonite thus formed, and fig. 13, a, a horizontal section of
thesame. 'The planes ¢, ¢, truncate the acute lateral edges, as may
be observed in fig. 13, b.

It is obvious that the axes of the molecules, which are at right
angles with those represented in the figure, (and therefore since
they point towards the observer, cannot be represented,) may pre-
sent their similar poles in the same direction, or by the inversion bof
one molecule, opposite poles may point in the same direction, as is
the case with the parallel axes in the figure. There are therefore
the above two methods of forming compound crystals of the first
kind. In the right rhombic prism, however, both these methods
produce the same result, as it matters not whether we invert one of
the prisms, (fig. 130,) as described in § 57, or whether we change
the lateral face, by which one is united to the other, without inver-
sion; that is, apply the face M, of the right hand prism, instead of
the one which is now in contact, supposing the polarity of the for-
mer plane to be the same with that of the latter. 'The same form
is produced by both methods. Butin the oblique prisms the differ-
ence of structure is very apparent. The figures of the peculiar
compound crystals of feldspar, given in connection with the descrip-
tion of that species, are representations of forms resultin%lby the
first method : the similar poles of the vertical axis lie in the same
direction. A figure of a twin crystal of albite, (see the description
of the species albite,) represents a compound form produced accord-
ing to the second method in which opposite poles of each pair of
axes are pointed in the same direction.*

‘We here perceive that those accidents, to which molecules gov-
erned by axial attractions are necessarily liable, actually take place
in nature ; and they afford strong presumptive evidence of the truth
of the theory proposed to account for them. Did they mot occur,
we might very properly conclude that the crystalline molecules
were governed by some other force distinct from attraction in fixed
directions or axial lines.

75. In the formation of other compound crystals, two molecules
unite in points of equilibrium of attraction between fwo poles, and
thus give rise to twins of the second kind ; or in similar points be-

* The primary form of feldspar, wa have supposed, with Haire, to be an oblique
v : rism. If the oblique rAombic prism is considered the primary, which
would be inferred fron its secondary planes, the composition is of a similar nature,
but is of the second kind.
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tween three poles, producing twins of the third kind. In the first
case, the situation of the molecules is, as given in fig. 12, Pl. III,
where they are retained in combination by the action of two north
poles of one molecule, on the two south poles of the other. It is
obvious that this is an instance of composition parallel to an edge,
as the edges in the primary forms, lie opposite the pcint of equili-
brium of attraction between two poles. 'This is shown by the rec-
tangular figure described about the molecule. .

In the second case, the combination is due to the action of three
poles of one molecule on three opposite of the other, and conse-
quently the composition is parallel to a plane on an angle.

These accidental forms may also be considered a consequence of
the nature of the attraction. In the action of particles on one an-
other, assuming, at the time, their crystallogenic axes, it is not im-
probable that two molecules should unite elsewhere than at their
poles, provided their mutual attractions remain balanced.

An example of the second kind of twins is given in fig. 14, Pl
111, which represents a crystal of pyroxene compounded parallel
to the edge é¢. The third kind is exemplified in figs. 15 and 16,
the former a delineation of a crystal of manganite, the latter a sca-
lene dodecahedron of calcareous spar. The composition in this last
instance is effected parallel to a plane truncating the vertical angle,
or in the point of equilibrium between the three north poles of one
molecule, and the three south of the other.

76. Compound crystals composed of more than two individuals,
arise from the occurrence of the above species of composition pa-
rallel to two or more faces, edges or angles, simultaneously. Se- -
veral of these forms are represented in figs. 3, 5, 6, 8, P1. IV.

Fig. 1, represents a horizontal section of a crystal of white lead
ore, lgmr of whose lateral angles equal .117° 14/, the obtuse le
of the primary rhombic prism, and two equal 125° 32/, twice the
acute angle of the same. In this instance, (fig. 1,) composition of
the first kind has taken place parallel to two faces of A. The
prism which would thus obtain, is identical in its interfacial angles
with those of the crystal under consideration, as a simple calcula-
tion will show.

Fig. 2, is a horizontal section of fig. 3, (another crystal of the
same mineral,) whose lateral angles are given in fig. 2. Composi-
tion of the first kind has here taken place between A and B, and
subsequently, though almost consentaneously, C was added by the
attractions between the poles represented in contact. In the pre-
ceding prism, (fig. 1,) the union of B and C with A was effected
at the same instant, but here the addition of C was subsequent to
the union of A and B, and from this has arisen the equal inclina-
tion of C to the other molecules.

A horizontal section of fig. 6, a crystal of Witherite, is exhibited
in the outer lines of fig. 4. ~This prism differs from the preceding
in the disposition of its primary angles, which are lettered, a, b,
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¢, d. 'The angles m and n, each equal twice the acute angle. To
form the nucleus, AB and CD were first united, and subsequently
the compound nuclei AB CD, were joined by the action of the
axes, which are now represented as nearly in contact. This union
is stated to be a subsequent act, but thoufh this was probably the
case, the whole was undoubtedly accomplished in a shorter instant
than it is within the compass of the human mind to imagine.

When the lateral edges of the component prisms are truncated,
as in fig. 13, Pl. III, the cruciform crystal in fig. 5, Pl. IV, is pro-
duced, of which a section is given inrgg. 4. Asimilar truncation
reduces fig. 1 to the stellated figure represented in it.

In fig. 7, a compound nucleus is represented, in which composi-
tion of the first kind has been effected parallel to all the lateral
faces of the molecule A. The truncation of the lateral edges of
the four crystals, B, C, D, E, would give rise only to a cruciform
crystal. But the action of the central molecule A, together with
that of the poles m, n, will cause an addition of particles parallel
to A, and thus give rise to the other rays. Thisis a horizontal sec-
tion of fig. 8, a crystal of white lead ore.

Compound crystals of the first kind are of much the most fre-
quent occurrence in the rhombic prisms, and especially when the
lateral angle equals nearly 120°; and if exactly 120°, as is the
fact with snow, simple crystals are seldom observed. Three mole-
cules, whose lateral axes are inclined at an angle of 120°, form by
their union a perfectly compact group, similar to fig. 1, Pl. IV, ex-
cept that all their axes are united in close contact; and conse-
quently their mutual action produces almost necessarily this com-
pound structure. The three, so to speak, will not permit one an-
other to govern by becoming a nucleus, and therefore they unite
and act conjointly. The union of six molecules by their acute
angles, may also take place in the same manner, (fig. 13, Pl. IX,)
for 6x60°, (60° is the value of the acute angles when the obtuse
are 120°,) equals 360°. This arrangement is probably the origin
of most of the stellated crystallizations of snow. Rhombic prisms,
whose angles vary much from 1209, seldom present this species of
compound crystal. There is one exception to this remark in the
case of white iron pyrites, the lateral angles of whose rhombic
prisms equal 106° 2. But this exception beautifully illustrates the
general principle. These crystals are composed of five simple
crystals, and the angle 73° 58, (the acute angle of the prism,) is
about one fifth of 360°. The occurrence of these forms, there-
fore, corroborates the principle included in the above statements.

77. In the same manner composition may take place simultane-
ously parallel to more than one edge or angle. 'The crystals of
harmotome are examples of the former. The pri of this min-
eral is a right rectangular prism, and the relation of this solid to
the rhombic prism is such, that explanations, additional to those
above given are unnecessary.
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It is an important fact, that those rectangular crystals are more
frequently compounded, whose planes, replacing the four lateral
edges, incline to one another nearly at angles of 120° and 60°.
Such is the case in chrysoberyl.

2. Postnatal Compound Crystals.

78. Postnatal crystals are described in § 19, to be of two kinds.
1. Doubly geniculated crystals, or those which have been appa-
- rently bent subsequent to their formation.

2. Those which are composed of two distinct crystals, united by
their similar parts.

The former species of compound crystal, result from a reversion
of the original polarity in the molecules of the crystal, after the
crystal has attained some size. 'The causes of this reversion are,
probably, agents that are not unknown to us. Heat will have this
effect on erystals of turmaline, their polarity varying with the
temperature. Electricity is equally an efficient agent in producing
similar results.

A reference to a ﬁﬁue, will show the capability of this hypo-
thesis to account for these occurrences. Let AB, (fig. 9,) represent
a line of molecules in a crystal in the act of formation, with its
poles situated as there marked, (the marked poles are north.) The
particle C is supposed to be on the point of obeying its axes
of attraction, by uniting the pole n, with m. At this moment
there is a sudden reversion of the polarity of the crystal, as ex-
hibited in A’/B’. 'The molecule C, now finds a repellent pole oppo-
sing it, since s, and n are both north, and is inmediately drawn
around by the attraction between o, the nearest south, and =, and
the union exhibited in A“B”C, takes place, producing a genicula-
tion in the crystal. The process, going on simultaneously at the oth-
er extremity of the crystal, causes another geniculation of the same.
Fig. 11, is a section of a crystal somewhat resembling fig. 13, Pl
111, in which there is seen both a connatal and postnatal composi-
tion. The latter was effected as above described. Geniculation,
according to the second kind of composition, may be illustrated by
means of fig. 10; AB is again the crystal, C the next particle to be
added. The molecules are those of a right square prism, which
form is peculiarly subject to these accidents. In the figure, these
molecules lie on one of their sides, and only one lateral axis is
seen, the other directing its north pole, s, towards the observer. The
union of 7 and #z, is f:ia.in prevented by a reversion of the polarity;
m, therefore, attracts the nearest north pole, which is s. A revolu-
tion of 90° must hence take place. But during this time, the un-
like poles, ¢ and u, (the vertical of the prism,) are acting on one
another and tending towards a union ; consequently, the molecule
will assume the intermediate position seen in A”B“C, in which
co;nnct has taken place at the point of equilibrium between two
poles.
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A similar composition could not occur in the right rectangular
prism; for, s could not be united to m, they being unlike axes,
and consequently, there would be an entire revolution of 180°, to
bring r to a union with /. Such instances may often’occur; but
it is impossible to detect them. We hence see why the right square
prism is more particularly subject to this kind of geniculation. .

An explanation of a postnatal geniculation, according to the
third kind of composition, is difficult to explain on account of the
number of axes engaged, and the consequent difficulty of repre-
senting it in a re. It flows, however, readily from the above.
An example of the same is given in fig. 12. If e were the primary
planes, it would be an instance of geniculation according to the
second kind of composition.

79. The remaining kind of compound crystal, is represented in
fig. 9, of the species quartz. It is perfectly analogous to the ordi-
nary union of two molecules; for the crystals are united by their
similar parts of opposite polarity, and have their similar faces par-
allel. They were, probably, brought originally into this parallel
situation, by a process analogous to electrical induction, or the mu-
tual action of their attracting influences. We here discover an in-
teresting analogy between electricity and crystallogenic attraction.

FORMATION OF SECONDARY PLANES.

80. When the axes act in their natural state, that is, unmodified
in their strength of attraction, the only result is a primary form.
The force of attraction in the direction of the axes of any molecule,
is inversely proportioned to the lengths of the axes; that is, repre-
senting the axes by a, b, ¢, the force of attraction in the direction
of each will vary, as

1 1 1 a a
P AP R L

If these axes are modified in their attractions, or if the relation
between the intensity of attraction and length of axes, is changed,
some corresponding change must take place in the form of the solid
resulting from their action, or, in other words, secondary planes
must be produced.

The laws for the occurrence of secondary planes, (§ 28,) are a
necessary sequence, from the very natural principle, that similar
azes must be similarly and simultaneously modified. 'The same
cause which is effectual in modifying one, must have the same in-
fluence on all similar axes. For this reason, all the edges or angles
of a cube are simultaneously truncated. Also, the lateral edges of
a right square prism are simultaneously truncated ; but they are
not necessarily accompanied with a replacement of the terminal
edges, because this requires, in addition, a modification of the ver-
tical axis, which is unlike the other two, and which therefore is
not, of consequence, affected by the same cause. Hence we have
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the general principle, dissimilar parts of a crystal are indepen-
dently replaced.

Afa.in, one of two beveling planes is accompanied, (excepting
the few instances of hemihedrism,) by the other ; for the same cause
that will produce a plane inclining towards one of two similar axes,
will produce a corresponding one inclining at an equal angle to the
other. The same principle requires also six intermediaries on each

le of a cube, and but two on those of the right square prism.

mix the rhombohedron, (fig. 7, a, or 7, b,) the plane truncating
the terminal angle, may be considered as touching the molecule at
the point of equilibrium of attraction, between the three poles N,
N, N, or the three S, §, §, the planes truncating the terminal edges
touch the same, in a similar point, between the pairs of N s, or pairs
of Ss; those truncating the lateral , similar equilibria] points
between N, §/; S/, N ; N, 8 ; §”, N, &c. ; that 1s, a north pole
of one extremity, and a south of the other.

Thus, in all the primary forms, we find a perfect correspondence
between the occurring planes and the above principles.

The hemihedral modifications of crystals, do not militate with
the general theory, but merely evince that other powers operate on
matter besides crystallogenic attraction. From the electrical na-
ture of most of these hemihedral crystals, it may be plausibly con-
Jectured that they owe their peculiarities to electrical influence.
Turmalines are, in most instances, hemihedrally modified, (see fig.
4, of the species turmaline,) and as invariably, when heated, exhibit
electrical polarity. Boracite is in the same manner electric, when
heated. The north pole is invariably the most highly modified
with secondary planes.*

DISTORTION OF CRYSTALS AND AGGREGATED CRYSTALLIZATIONS.

81. If the intensity of attraction in the direction of any one axis
is independently increased, the addition of particles will take place
in the line of this axis, and the crystal will be lengthened in that
direction, without any change in its interfacial angles. This oc-
curs independently of the formation of secondary planes, since
these require a mutual modification of either two or three axes
between which they are situated. Cubes are often lengthened thus
into right square or right rectangular prisms, the rhombohedron
into oblique rhombic or rhomboidal prisms. Prismatic crystals
often shoot out to a great length, when the actual length of the

* The tetrahedron has not been included among the primary forms, since it is a
result of a hemihedral modification of one of the monometric primaries. The irregu-
lar tetrahedron which occurs in some copper ores, and is a secondary to the right
square prism, might be ranked with the primary forms, with as much propriety as
the regular tetrahedron. It evidently proceeds from the same kind of ification
in the attraction, that produces the dissimilarly terminated crystals of turmaline, &c.
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primary, compared with the breadth, is small.” Such are many
saline crystallizations.

In general, these crystals are attached to some object, by one of
the poles of the lengthened axis, and seem to derive this increase
of attracting power from the nature, (electrical ?) of their support.
Fig. 8, of the species quartz, represents a distorted crystal of
quartz, and fig. 2, of calcareous spar, an equally distorted scalene
dodecahedron of this species. 'This form is at present entirely dis-
guised by the undue extension of the crystal in the direction of the
axis by which it is attached. The primary faces R, R, together
with the planes ¢, ¢, the opposites of R, R, and the opposites of ¢, ¢/,
form an eight sided prism, which is terminated by a small plane
R, and the remaining reduced faces of the dodecahedron. The
crystal was attached to the rock by the face R, and is consequently
lengthened in the direction of the axis which meets this face.
Crystals of quartz are usually attached by the three axes about a
vertical angle, and therefore arise perpendicularly from their sup-
port, sometimes to a great len%:h. An analogous cause will pro-
duce crystals which are very short, in the direction of the vertical
axes.

The particular pole by which a crystal is attached to its support,
probably, depends on the electrical state of this support; and from
this cauildse arises the regularity with which crystals are often ag-
gl‘el-gi‘i;rous crystallizations have a similar origin. They usually
occur as veins in rocks, where they were formed by the influence
of the attraction in the opposite sides of the vein, causing a large
deposition of crystals, a.ndp(t)heir rapid elongation across the vein.
Occasionally, they are found on surfaces not having, as veins, a
corresponding parallel ; then the great rapidity of the erystalliza-
tion, induced by the electrical influence of their support, has appa-
rently, caused a struggling between the crystals for room, and the
consequent formation of closely compacted crystals, or, in other
words, the fibrous structure. The fibres composing this structure,
when thus formed, are often regularly terminated.

ISOMORPHISM.—DIMORPHISM.

82. Isomorphism.—It is a late discovery in science that, in some
instances, one element may replace another in a chemical com-
pound, without changing the crystallization. Potash and ammo-
nia, combined with the same acid, have the same primitive form.
These are termed Isomorphous bodies by Mitscherlich, the princi-
pal investigator of these gcts. This property has been supposed
to arise, from the similarity in the form and size of the atoms of the
isomorphous bodies. It is more probable, that this power depends
on the similar crystallogenic relations of these two elements, in
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consequence of which, the same axial arrangement takes place in
the different compound molecules. .

83. Dimorphism.—This term is applied to that peculiarity of
certain compounds, by which they present entirely distinot crystal-
lizations under different circumstances. Carbonate of lime is thus
stated to be a Dimorphous compound, since it crystallizes at one
time, in rhombohedral crystals, In other circumstances, in seconda-
ries to a rhombic prism; it is called Arragonite, when ing
the latter crystalline form. In Brewster's Edinburgh Journal of
Science, vol. vi, p. 301, an interesting account of a change of the
system of crystallization of sulphate of zinc, by the influence of
heat, is given by Mitscherlich. “ When a right rhombic prism of
this salt 1s heated above a temperature of 126° F., we may observe
certain points at its surface become opaque, and then branches of
crystals shoot out from these points in the interior of the original
specimen. In a short time, the whole is converted into an
gate of those crystals, diverging from several centres, that are situa-
ted on the surface of the original crystal.”

These small crystals, which are formed without any change of
composition, were obliqgue rhombic prisms, which form is also
obtained when the solution crystallizes above the temperature of
126° F.

Dimorphism, therefore, appears to be owing to the different cir-
cumstances attending crystallization. The degree of heat during
crystallization, the nature of the solvent combined with some other
causes, may effect a change in the direction of the axes and the
curvature of the molecules, although, generally, the only effect of
these causes is the production of secondary planes. In the instance
cited above, heat seems to have been the only cause. 'The prismatic
form of arragonite may be owing to the presence of merely a small
quantity of carbonate of strontian in the solvent, which this mineral
usually contains, though in a variable quantity.

CHAPTER II.
PRACTICAL CRYSTALLOGENY.

85. AN essential preliminary to crystallization, is a perfect free-
dom of motion among the elementary particles. While in the solid
state, the attraction of cohesion is already in action, and prevents
any other arrangement than that already possessed by the mineral.
But when this cohesive attraction is once overcome, and the mole-
cules are freed from mutual restraint, they are then at liberty to be
influenced by the peculiar attraction of crystallization, and under

its guidance will assume a crystalline arrangement.
9 :
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There are two means of counteracting this attraction, or redu-
cing the solid to the state of a fluid, each of which is a frequent
source of crystallization, both in the laboratmg of nature, and of
ix_mture’s student, the chemist: They are—1. By solution. 2. By
usion.

CRYSTALLIZATION FROM SOLUTION.

86. The eflect of a liquid solvent, as water, upon the dissolving
salt, is to separate its molecules, and destroy their mutual attraction,
by the attraction of the particles of the liquid for those of the salt.
By solution, we pull down, so to speak, the original structure, and
separate its constituent stones, preparatory to a rebuilding of the
same. The reconstruction we effect, by driving off the antagonist
power, water, by means of a slowly applied heat producing evapo-
ration. Thus free again, the particles can reassume their power of
attraction and their crystalline nature, and in favorable cirgum-
stances, will build up the regular crystal.

Crystallization by this means, takes place very differently with
different substances. In some instances no appearance of crystal-
lization is apparent till the solution has rea.chedp?(r:enain degree of
density, when suddenly the whole shoots into a mass of crystals,
the water itself entering into their constitution, and forming what
is termed the water of crystallization.

At other times, after a certain degree of evaporation, the solution,
if laid aside to cool, enters the crystalline state as the temperature
diminishes.

Often, soon after the commencement of evaporation, small crys-
tals attach themselves to any prominent object in the containing
vessel, and continue their increase with the continuance of the
evaporation. In the crystallization of other substances, small crys-
tals, as evaporation proceeds, are observed first to float on the sur-
face of the liquid, increasing gradually in size without changing
their forms, until from an increase of weight, they sink and attach
themselves to the bottom of the vessel. Salt affords frequent in-
stances of this process. A very gradual evaporation sometimes
produces singular forms of this mineral. As evaporation goes on
only at the surface, there the incipient crystal first appears, a mi-
nute cube, which presents under the magnifier well defined angles
and plane surfaces. Evaporation continues, and as the cube is in
contact with the surface of the solution only along its sides, it en-
m laterally without much addition to its thickness. It now

8o that only its upper edges are exposed to the surface where
the crystalline molecules are forming, and consequently these only
receive the addition of particles. ‘gﬁth every new increase, it con-
tinues sinking, at the same time that the particles are added as con-
tinually to the upper and outer edge, till finally the result is an in-

verted hollow four sided pyramid, which swi i
surface of the fluid. Figl-fylr3.7 o swims like a cup on the

|
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isolated crystals of the different salts are usually obtained
with ulty. According to Beudant, they may be produced by
causing the crystallisation to take place in a gelatinous medium.
The large crystals of quartz, found glling cavities in rocks, seemed
to have been formed in this manner.

Any fluid which will act the part of a solvent, may in general be
employed for obtaining crystallizations. Alcohol and ether may
often be used, and in some instances are the only solvents.

We are acquainted with but few of the solvents employed in na-
ture. Water saturated with carbonic acid, is a common solvent of
carbonate of lime, and by this means the stalactites of this mine-
ral are produced. Water at a high temperature, holding soda or
fotash In solution, will dissolve silica. A large tract of land in

celand has been entirely deprived of its vegetation, by the deposi-
tion of silica from the Geysers of that volcanic country.

But probably in most instances crystals have resulted from the ac-
tion of the second means of fluidity.

CRYSTALLIZATION FROM FUSION.

87. In this process, heat is the divellent force by which the
original arrangement of the particles is destroyed, and that freedom
from mutual restraint obtained, which is necessary for crystalliza-
tion. By a reduction of the temperature, or a removal of the an-
tagonist power, heat, the particles are again permitted to assume
their crystalline nature, and their respective positions in the struc-
ture of a cr{lstal. Every winter’s day affords us innumerable in-
stances of this process, when the removal of the heat which re-
tains water in a fluid state, allows the particles to combine by their
n}u_tua.l attractions, and cover our streams with extended sheets
of ice.

To obtain fine crystals by this method, often requires much care.
In the case of sulphur, and several of the metals, the most effectual
method consists in pouring off the central portion of the fluid mass,
soon after a crust has formed by cooling on the surface. Bismuth
may, in this manner, be obtained in fine crystals. But this means
of crystallization is less within the control of art than the pre-
c . :

Magy substances crystallize directly from a gaseous state. 'The
crystalline deposits of sal ammoniac and sulphur, in volcanic dis-
tricts, are often thus produced. Crystals of specular iron occur at
Vesuvius, so light and slender in their leaf-like structure, as to be
blown away by a slight breath. In their formation, there was pro-
bably a direct transition from the gaseous to the solid state. A more
common example is the formation of snow, every flake of which
is composed of a congeries of minute crystals. This process takes
place when the atmosphere, loaded with vapor, is so reduced in
temperature, that the particles are no longer restrained by heat



68 CRYSTALLCOGENY.

from obeying their own inclinations, or, in more correct language,
their attractions.

Crystallization, by each of the above methods, is often attended
with an emission of light. In general, at the first effort of crystal-
lization, there appears an instantaneous and often brilliant flash of
light, which, in some instances, is repeated at the commencement
of each new crystal. Splendid exhibitions of this kind have been
observed by M. Biichner, of nza," during the crystallization of
benzoic acid; the discharge of light continued for a half hour.
Acetate of potash, boracic acid, and many other compounds, and
even water, occasionally exhibit this phenomenon.

CAUSES OF S8ECONDARY PLANES.

88. Beudant, in his Treatise on Mineralogy,t in which this sub-
ject has received some attention, states as the principal cause of se-
condary planes, the nature of the solvent, and of the substances
it holds in solution.

He remarks, that when the solvent contains, meckanically sus-
pended, minute particles of foreign matter, the crystals formed, con-
tain more or less of these foreign particles regularly arranged, either
in concentric layers with the lamine of the crystal, or in the direc-
tion of a diagonal, or occasionally intermingled without regular
order ; and that the crystals thus impure, are more simple and regu-
lar than those obtained from a clear liquid. Crystals of quartz are
seldom perfectly regular bipyramidal prisms, except when they con-
tain large portions of chlorite. But if the solvent contains other
substances in solution, either solid, liquid, or gaseous, secondary
forms are usually produced. “ Common salt, crystallizing from
pure water, presents, almost invariably, a cubic form. But in a
solution of boracic acid, it always occurs with truncated les,”
g‘g. 2, Pl Ig The Rev. E. Cra.?, in an interesting article on

roscopic Chemistry, in the Lond. and Ed. Phil. Mag. and Jour.
of Science, July, 1836, p. 13, states the following remarkable trans-
formations in crystals of carbonate of copper, produced by a change
in the nature of the solvent, “If sulphuric acid be added to car-
bonate of copper, crystals s ily appear, presenting the form of
six sided tabular prisms. Add a little ammonia, the form is changed
entirely to a long rectangular prism with the angles replaced. Add
a little more ammeonia, and the form chansw to several varieties of
the rhorabic octahedron : a little nitric acid restores again the form
of the rectangular prism. In all these successive changes, it is not
that a few crystals of another form have been superadded, but each
time, the metamorphosis is seen to take place in the whole mass.”

* Brewster’s Ed. Jour. III. 369.
Tfil‘ra{t& élémentaire de Minéralogie, par F. 8. Beudant, 2 vols. 8vo, 1830, 2d ed.;
. L p. 189.
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There are many evidences that the same cause has operated in
nature to produce the peculiar secondary planes a crystal presents.
Arragonite, in iron mines, crystallizes in very acute pyramidal crys-
tals; but in the gypsum clays, accompanying the saliferous depo-
sits, it always appears in prismatic crystals, grouped so as to form
hexagonal prisms. Other similar instances might be added ; but
this will suffice to establish the fact, that secondary planes often
arise from the peculiar nature of the solvent.

In addition to this cause, may be added the electrical state of the
rock supporting the crystal, also its nature. M. Planiava has
observed that, in some instances, in which the form of the floating
crystal was the primary, it assumed secondary planes as soon as 1t
attached itself to the sides of the vessel.* From the nature of crys-
tallogenic attraction, it must be influenced by the electrical excite-
ment of surrounding bodies, and in some circumstances, it may be
affected by the electrical state of the atmosphere.

In some instances, secondary planes proceed from some perma-
nent peculiarity in the molecule; for, without this supposition, we
cannot account for the invariableness in the occurrence of a particu-
lar secondary form of some minerals ; for example, the prismatic
form in quartz, whose primary is a rhombohedron. From some
preceding remarks, the reader may have already deduced, that a
certain ee of force of attraction is connected with axes of a
certain and definite length, and that secondary planes result from
a variation of this relation. With respect, then, to the molecules
of quartz, we may conjecture that they are permanently modified
in this or some similar manner.

Very important discoveries would, beyond doubt, fully repay for
an extensive series of experiments on this, as yet obscure, subject.
From the splendid results of Mr. Crosse, who has been enabled, by
the application of a weak galvanic power, to obtain crystals of
several minerals, the ¢ lization of which had hitherto defied
the powers of art, we may be encouraged to hope that ere long
this entrance to one of the innermost recesses of the works of na-
ture will be thrown open, and that the qualities of atoms, or mole-
cules, their forms and peculiarities, will soon be fully understood.
Its connection with the science of chemistry, and other physical
sciences, render it deserving of very minute experimental research.
Beautifully and truly was it long since remarked by Gulielmini—
an author who, though afterwards forgotten, had a clearer insight
into the nature of crystallization, than any of his cotemporaries,
and many of his successors,—in his work, on Crystallization. p.
144. «Crystallisatio geometrizantis naturee opus quoddam est, et
sane mirabilissimum ; dignum ideo ut totis ingenii viribus totique
mentis contentione exquiratur, non quod spectet tantam amcenita-

¢ Kastner’s Archiv. X. 49; cited in Ferussac’s Bulletin,
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tem et voluptatem, quee mirabilinm scientiam consequitur, verum
etiam ob maximam in re physicé utilitatem ; videtur quippe Natura
hic se prodere, et omni exuta velamine non qualis esse potest, sed
qualis actu est sese praebere conspiciendam.”

* “ Crystallization is a peculiar and most admirable result of Nature’s geomet,
worthy of being studied with all the power of genius, and the whole energy of gg
mind, not on account of the delight which always attends the knowledge of wonders,
but because of its vast importance in revealing to us the secrets of Nature; for here
she does, as it were, betray herself, and laying aside all disguises, permits us to be-
hold ber, not merely as she is in appearance, but as she is in true reality.”



PART II.

PHYSICAL PROPERTIES OF MINERALS.

' CHAPTER 1

CHARACTERS DEPENDING ON LIGHT.

89. LicHT may be either reflected, transmitted, or emitted. 'The
characters of minerals thus produced are of five kinds :—
1. LusTrE; depending on the power and manner of reflecting
light.
2. CoLor; depending on the kind of light reflected or trans-
mitted. '
3. DiaraaNEITY; depending on the power of transmitting
light.
4. RerracTiON; depending on the manner of transmitting light.
g% PHOSPHORESCENCE ; depending on the power of emitting
light.

LUSTRE.

90. The lustre of minerals arises from the nature of their sur-
faces, which causes more or less of the light incident upon them, to
be reflected. A variation in the quantity of light reflected, produces
different degrees of intensity of lustre; a variation in the nature
of the reflecting surface, produces different kinds of lustre.

a. The kinds of lustre are six, and are named from some familiar
object or class of objects, which exhibit them.

1. Metallic: the usual lustre of metals. Imperfect metallic lus-
tre is expressed by the term sub-metallic. )

2. Vitreous: the lustre of broken glass. An imperfectly vitreous
lustre is termed sub-vitreous. The vitreous and sub-vitreous lus-
tres are of the most common occurrence in the mineral kingdom.
Quartz possesses the former in an eminent degree ; calcareous spar
often the latter. 'This lustre may be exhibited by minerals of any
color, and in any instance, should resemble broken glass of the
color of the mineral.

3. Resinous : lustre of the yellow resins, as benzoin. Ex. opal,
and some yellow varieties of zinc blende.

4. Pearly : this term explains itself. Ex. talc, native magnesia,
sﬁgw, &c. When sub-metallic, the term metallic-pearly is ap-
plied.
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6. Silky : the result of a fibrous structure. Ex. fibrous carbon-
ate of lime, fibrous gypsum, and many fibrous minerals, more es-
pecially, those which in other forms have a pearly lustre.

6. Adamantine : the lustre of the diamond. When sub-metallic,
it is termed metallic-adamantine. Ex. some varieties of carbonate
of lead, and dark red silver ore.

b. The degrees of intensity are denominated as follows :—

1. Splendent: when the surface reflects light with great bril-
liancy, and gives well defined images. Ex. E%ba. iron ore, tin ore,
some specimens of quartz and pyrites.

2. Shining : when an image is produced, but not a well de-
fined image. Ex. calcareous spar, celestine.

3. Glistening : when there is a general reflection from the sur-
face, but no image. Ex. talc, copper pyrites.

4. Glimmering : when the reflection is very imperfect, and ap-
parently from points scattered over the surface. Ex. flint, chal-
cedony.

A mineral is said to be dull when there is a total absence of lus-
tre. Ex. chalk, the ochres, kaolin.

These different de%rees and kinds of lustre, are often exhibited
differently by unlike faces of the same crystal, but always similarly
by like faces. The lateral faces of a right square prism may thus
differ from a terminal, and in the right rectangular prism the lateral
faces also may differ. This is an immediate consequence of the
fact, that these unlike faces are produced by unlike crystallogenic
axes.

COLOR.

91. In descriptions of the mineral species, it is usual to notice
both the external color, and that which the mineral presents when
abraded with a file. The latter is by far the most important char-
acter in distinguishing minerals, for it seldom varies in the same
species, though externally, the mineral may present a large variety
of shades of color. 'The mineral species are liable to so many acci-
dental mixtures of foreign substances, that, in general, little reliance
can be placed on the external color. The metals and the metallic
oxyds are among those species, which are the least subject to va-
riation. :

The color obtained by abrasion, which usually corresponds with
that of the powder, is included under the term streak. This term
includes also, the lustre produced by abrasion.

The following eight colors have been selected by Werner as fun-
damental, to facilitate the employment of this character in the de-
scription of minerals; White, Gray, Black, Blue, Green, Yellow,
Red, and Brown.

The colors of minerals possessing a metallic lustre, or, concisely,
THE METALLIC COLORS, are,
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1. popf:w4od : the color of copper. Copper, less perfectly, cop-
per nickel.

2. Bronze-yellow : the color of bronze. Magnetic pyrites.

3. Brass-yellow : copper pyrites.

4. Gold-yellow : native gold.

b. Silver-white : native silver, less distinct in arsenical pyrites.

6. Tin-white: mercury, tin-white cobalt.

7. Lead-gray : galena, molybdena.

8. Steel-gray : nearly the color of fine grained steel on a recent
fracture. Native platina, and palladium.

b. Non-metallic Colors.

The several non-metallic varieties of these fundamental colors

are contained and explained in the following catalogue.
A. White.

1. Snow-white : the purest white color. Carrara marble.

2. Reddish-white : whitg, inclining to red. Some varieties of
calcareous spar and quartz, &e.

3. Yellowish-white : white, inclining to yellow. Some varieties
of calcareous spar and quartz.

4.l Grayish-white : white, inclining to gray. The same ex-
amples.

b. Greenish-white : talc. ‘

6. Milk-white : white, slightly bluish. Some varieties of Chal-
cedony.

B. Gray.

1. Bluish-gray: gray, inclining to a dirty blue color. Some
varieties of limestone. )
Pi2. Pearl-gray : gray, mixed with red and blue. Horn silver,

nite.

3. Smoke-gray : gray, with some brown. Flint.

4. Greenish-gray : gray, with some green. Cat's eye, some
varieties of talc. .

5. Yellowish-gray : some varieties of compact limestone.

6. Ash-gray : the purest gray color. Zoisite variety of epidote.

C. Black.

1. Grayish-black : black, mixed with gray, (without any green,

brown, or blue tints.) Basalt, Lydian stone.
. Velvet-black : pure black. Obsidian, black turmaline.
. Greenish-black : pyroxene.
. Brownish-black : bituminous coal.
. Bluish-black : black cobalt.
D. Bixe.

1. Blackish-blue : dark varieties of blue malachite.

2. Azure-blue : bright blue with a little red. Pale varieties of
blue malachite, bright varieties of lapis-lazuli.

10

St N
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3. Violet-blue : blue mixed with red. Amethyst, fluor spar.

4. Lavender-blue : blue with some red and much gray. Litho-
marge.
5.ge Prussian-blue, or Berlin blue : pure blue. Sapphire, kyanite.

6. Smalt-blue : some varieties of gypsum.

7. Indigo-blue : blue with black and green. Blue turmaline.

8. Duck-blue : blue with much green and a little black. Cey-
lanite variety of corundum, some varieties of talc.

9. Sky-blue : pale blue with a little green. It is called moun-
tain blue by painters; it is the color of the clear sky.

E. Green.

1. Verdigris-green: green inclining to blue. Some varieties
of feldspar.

2. Celundine-green : freen with blue and gray. Seme varie-
ties of talc and beryl. It is the color of the leaves of the celan-
dine, (Chelidonium majus.) R

3. Mountain-green : green with muth blue. Beryl.

4. Leek-green: green with some brown. The color of the
leaves of garlic ; distinctly seen in prase, a variety of quartz.

6. Emerald-green: pure deep green. Emerald, imperfect in
green malachite.

6. Apple-green : light green with some yellow. Chrysoprase
variety of quartz.

7. Grass-green : green with more yellow. Green diallage.

4 8. Pistachio-green : green with yellow and some brown. Epi-
ote.

9. Asparagus-green: pale green with much yellow. Aspara-

stone.

10. Blackish-green : some varieties of serpentine.

11. Olive-green : pale green, with much brown and yellow.
Olivine.

12. Oil-green: lighter green with more yellow and less brown.
The color of oliveoil. Beryl, pitchstone.

13. Siskin-green : light green, much inclining to yellow. Uranite.

F. Yellow.

1. Sulphur-yellow : native suthur.

2. Straw-yellow : very pale yellow. Some varieties of topaz.

3. Waz-yellow: yellow with gray and some brown. Zinc
blende, opa{

4. Honey-yellow : yellow, with some red and brown. Calcare-
ous spar.

6. Lemon-yellow : pure yellow. Native sulphur, orpiment.
_ 6. Ochre-yellow : yellow with brown. Ochre varieties of brown
iron ore. :

7. Wine-yellow : pale yellow, with red and . T
and ﬂuorw paley some e B
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8. Cream-yellow : pale yellow, with some red and a tinge of
brown. Some varieties of lithomarge.
9. Orange-yellow : yellow inclining to red. Orpiment.

G. Red.

1. Aurora-red : red with much yellow. Some varieties of realgar.

2. Hyacinth-red : red with yellow and some brown. Hyacinth
variety of zircon, garnet.

3. Brick-red : polyhalite, some varieties of jasper.

4. Scarlet-red : bright red with a tinge of yellow. Cinnabar.

8. Blood-red : red with some yellow and black. Pyrope varie-
ty of garnet. '

6. Flesh-red : pale red with gray and some yellow. Barytes.

7. Carmine-red : pure red. gIr{uby sapphire.y

8. Cochineal-red : red with some blue and gray. Light red sil-
ver ore.

9. Rose-red : pale red with some gray. Rose quartz.

10. Crimson-red : red with some blue. Ruby.

11. Peach-blossom-red : red with white and gray. Lepidolite
variety of mica.

12. Columbinered: red with some blue and much black.
Garnet.

13. Cherry-red : dark red, with much blue and brown. Spi-
nel, some varieties of jasper.

14. Brownish-red : jasper, brown iron ore.

H. Brown.
1. Reddish-brown : garnet, zircon.
2. Clove-brown : brown with red and some blue. Axinite.
3. Hair-brown : brown, with some yellow and gray. Wood opal.
4. Broccoli-brown : brown, with blue, red, and gray. Zircon.
6. Chestnut-brown : pure brown.
6. Yellowish-brown : common jasper.
7. Pinchbeck-brown : yellowish-brown, with a metallic or metal-

lic-pearly lustre. Several varieties of talc.
8. Wood-brown : brown with yellow and gray ; color of old wood
nearly rotten. Some specimens of asbestiform hornblende.
9. Liver-brown : brown, with some gray and some green. Jasper.
10. Blackish-brown : bituminous coal var. brown coal.

c. Peculiarities in the Arrangement of Colors.

Play of Colors. This beautiful exhibition is observed, when
several prismatic colors :?pear in rapid succession on turning the
mineral. It exists in perfection in the diamond; and also in pre-
cious opal, and is most brilliantly observed by candle light.

Change of Colors. Each particular color appears to pervade a
larger space than in the play of colors, and consequently the suc-
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cession produced by turning the mineral is less rapid. Ex. Lab-
rador feldspar.

Opalescence. A reflection of a milk-white light from the inte-
rior of the specimen. It is observed in some vaneties of opal, and
in cat’s eye.

Iridescence. An appearance of fixed prismatic colors in the in-
terior of a crystal. It is the effect of fracture.

Tarnish. A metallic surface is tarnished, when its color differs
from that obtained by fracture.

A surface possesses the steel tarnish, when it presents the superfi-
cial blue color of tempered.steel. Ex. Columbite.

The tarnish is described as irised, when it exhibits the fixed
prismatic colors. Ex. specular iron ore from Elba. Variegated
copper ore is an instance of common tarnish.

ichroism. Some crystals viewed by transmitted light, present
different colors in different directions. This property is termed
dichroism, derived from a Greek compound, signifgl?ng two colors.
'This property is exhibited only by crystals which have at least two
unlike axes, and the different colors are observed in the direction
of the different axes. It exists in turmaline, iolite, mica, &c.
Mica is nearly opaque in one direction, while it is transparent in
another; it also presents different colors in these directions.

DIAPHANEITY.

92. The Diaphaneity”® of a mineral, is its capability of transmit-
ting the rays of light. The following terms are adopted to express
the different degrees of this property.

Transparent : when the outline of an object, behind the mine-
ral, is perfectly distinct. Gypsum, quartz. :

Subtransparent : when the object is seen, but its outline is not
distinet.

Translucent : when the object is not visible, but light is trans-
mitted. Carrara marble.

Subtranslucent : when the edges merely transmit light, or are
translucent.

When no light is transmitted, the mineral is said to be opagque.

This property occurs in every shade of degree in the mineral
kingdom, from a perfect opacity to a perfect transparency, and most
minerals present, In their numerous varieties, nearly all the differ-
ent shades. Few minerals, except the metals, are perfectly opaque.

REFRACTION.
93. A full treatise on the subject of refraction of light, belongs

* This term has usually a less extended signification than is here applied to it.
Our language is, however, destitute of anl{l general term expressive of the capability
of a body to transmit light, and therefore this, which is not in very common use, and
may therefore receive a technical meaning in this science, has been here employed.
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more especially to a work on optics. 'The remarks in this place
will, therefore, be brief.

a. Simple refraction. If we look into a cup so obliquely, that
an object at its bottom is concealed from view by its sides, on fill-
ing the cup with water, this object becomes visible.

This has been effected by a bending or
refracting of the rays of light, by the
water. This effect is termec; refraction,
and is produced by all transparent bodies,
whether solid, liquid or gaseous.

The ray ED, within the water, is nearer
the perpendicular BC, than if it had pro-

ed 1n its original direction AE. If we
consider the ray as passing from the water
into the air, the AE, is farther from : :
the same perpendicular than if it had pro- D
ceeded in the original direction DE. We have therefore this im-
portant principle : Light, in passing from a rarer to a denser me-
dium, i3 refracted TowARDS the perpendicular ; if from a denser
to a rarer, it is refracted FRoM a perpendicular.

It has been proved by experiment, that at whatever angle we
look at the surface of the water, there will be a constant ratio be-
tween AB and CD, provided the eye and the object are at the same
distance, A and D from E. That is, if AB is twice the length of
CD, viewing it at one angle, it will be twice at every other angle,
until the eye is perpendicular over the object D, when there is no
refraction. But AB is the sine of the angle AEB, which is the
angle of tncidence, CD, the sine of the angle CED, which is the
angle of refraction. This principle may therefore be thus stated :

The sine of the angle of incidence bears a constant ratio to the
sine of the angle of refraction. .

This ratio is termed the index of refraction. In water, the ratio
is as 1.336 to 1. 1.336 is therefore the index of refraction of
water.

b. Double refraction. A line viewed through a crystal of trans-
parent calcareous spar, (often called Iceland spar, as it was first
obtained on that island,) appears to be double. One image is
observed by the usual refraction of the light, while the second is
perceived by means of an eztraordinary refraction. If the c
i8 placed over a point, and turned around, one image, that produced
by the extraordinary refraction, will appear to revolve around the
other.

This power of producing double images is termed double refrac-
tion. It may be observed in every direction through a crystal of
Iceland spar, except in that of the vertical axis. The vertical axis
of the crystal is therefore termed the azis of double refraction,
since, in 1ts direction, the ordinary and extraordinary ray coincide.
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Double refraction increases from this axis, where it is 0, to a plane
at right angles with it.

In some instances, the extraordinary ray is situated between the
ordinary ray and the perpendicular ; in others, it is exterior to this
ray. The former, possess a greater indez of refraction for the
extraordinary than for the ordinary ray, and the axis is called a
positive azis of double refraction. 'The latter have a less index
of refraction for the extraordinary than ordinary ray, and therefore
a njfative azis of double refraction.

| crystals possess the doubly refracting structure, except-
ing monometric solids, that is, the cube, octahedron, &c., &c.
Some crystals, unlike calcareous spar, contain two azes of double
refraction, or two directions in which the ordinary and extraordi-
nary rays are coincident, and where, therefore, double refraction is
not seen.

We remark, preliminary to an explanation of this distinction .of
crystals, into those with one axis, and those with two, that the
molecule of a right rectangular prism has three principal sections;
one through the vertical axis and the longer horizontal, another
through the vertical and shorter horizontal, and a third through
the two horizontal axes. These three planes of section intersect
at right angles, and are called the azial planes of the ellipsoid, two
of which are vertical, and one horizontal. With this explanation,
we proceed.

If the molecule is an ellipsoid of revolution, in which the two
vertical axial planes are equal ellipses, there is but one axis of
double refraction.

If the molecule is an ellipsoid, not of revolution, in which the
two vertical axial planes are unequal ellipses, there are two axes
of double refraction.

The crystals of one axis, are included in the classes Dimetrica
and Tetraxona; those of two axes, in the classes Trimetrica, Mono-
clinata, Diclinata, and Triclinata.

There are a few exceptions to this remark. The most promi-
nent is the crystal of water, which, though secondary to a right
rhombic prism, possesses but one axis of double refraction. But
observing that some rhombohedrons possess positive, some nega-
tive axes, and that, consequently, double refraction is not depend-
ent on form merely, but probably, also, on the nature of the attrac-

in the molecular axes, and also the structure of the molecule,
nust allow the possibility of this exception, and not so violate
rinciples of Crystallography as to attempt to derive its forms
| any dimetric or tetrazonal solid.

PHOSPHORESCENCE.
|. Phosphoresence, or the emission of light by minerals, may
roduced in different ways: by friction, by heat, or by exposure
e light of the sun.
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By f['m:tum Light is readily evolved from quartz, by the fric-
tion of one piece against another, and merely the rapid motion of a
feather across some specimens of sulphuret of zinc, will often elicit
from this mineral, light, more or less intense. Friction, however,
will evolve li%}‘lt from a few only of the mineral species.

By heat. Fluor spar is very beautifully phosphorescent at the
temperature of about 300° F'. Different varieties give off light of
different colors ; the cklorophane variety, a splendid emerald green
" light; others a purple of different shades.. is may be observed
in a dark place, by throwing the pulverized mineral on a shovel
heated below redness. Some varieties of carbonate of lime emit a
yellow light when treated in the same manner. At a certain tem-

rature, the fluor spar loses the power of phosphorescence ; it may

restored, however, by subjeclingb;t to an electrical discharge.

Light of the sun. The only substance in which an exposure to
the light of the sun produces very apparent phosphorescence, is
the diamond—some specimens seem to be destitute of this power.

The phosphorescence of minerals is a character of little import-
ance in distinguishing them: it is, however, deserving of attention
in the descriptive part of the science.

CHAPTER IIL

ELECTRICITY.

35}.1 TaE means of developing electricity in minerals, are friction
and heat.

1. By friction. There is no line of distinction a.mox:g the mine-
ral species, separa,t:inil them into those of resinous and those of vi¢-
reous electricity. 'The same mineral in its different varieties, often
presents both kinds, and frequently, the two are exhibited by the
same specimen. 'This character is, therefore, of no importance nor
interest to the mineralogist.

2. By heat. The thermo-electrical character of the mineral spe-
cies, are also of little importance in distinguishing minerals; but
they are so peculiar that they deserve some attention, and should
not be neglected in the descriptions of the species.

The eflect of the application of heat, is the development of electric

larity. This property belongs in a remarkable 3 ee to turma-

ine and boracite. These minerals usually occur in hemihedral
crystals, the one under the form of a three or six sided prism, (se-
condary to a rhombohedron,) differently terminated at its extremi-
ties, the other in that of a cube, with its opposite solid angles dis-
similarly replaced. M. Becquerel remarks concerning the turma-
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line:* %At 30° C. electrical polarity was sensible ; it continued un-
changed, to 150°, as long as the temperature continued to rise ; if
stationary an instant, the polarity disappeared; but shortly mani-
fested itself reversed, when the temperature commenced to decline.
If but one end of the crystal was heated, the crystal was unpolarized,
and when two sides were unequally heated, each acquired an elec-
trical state independent of the other.”

The most modified end of turmaline is the positive or north pole.
The same is true of boracite, whose opposite poles are exhibited at
the opposite angles. The powder of turmaline is also pyro-electric.

The usual method of observing the polarity of turmaline, is to
‘)laee the heated crystal on a brass support, which turns on a pivot

ike a magnetic needle. By presenting the poles of a magnet, it
will be found that the north pole of a magnet will attract one ex-
tremity of the crystal and repel the other.

The following is a list of the pyro-electric minerals, as given by
the Abbé Haiiy, with the names of those who first noticed their

pyro-electric property.

Turmaline, Lemery. Mesotype.

To Canton. Prehnite. .
Axm, Brard. Oxyd of zinc. Eway ’
Boracite, Haiiy. Sphene.

Brewster has added the following.

Calc spar. Analcime.

Yellow beryl. Amethyst.

Heavy spar. Quartz, (Dauphiny.)
Celestine. Idocrase.

White lead ore. Mellite ?

Fluor spar, (red and blue.) Sulphur, (native.)
Diamond. Garnet.

Orpiment, Iolite.

CHAPTER IIL
MAGNETISM.

90, Inown is the solo repository of magnetism in the mineral king-
dom.t  Mugmetic ;mlurity and attraction is exhibited by only one of
itw varions orew.  'This ore ofton possesses these characters in an
sininent dogron, and when arranged in the form of a horse shoe
tringnet will often lift vory heavy woights.

Movernl of Itw oros, howover, are attractable by the magnet,

¢ Weawater's Kulln Jone X IH0 .
1 ''hn meinle sidimlt and niokel are also susceptible of magnetic attraction.
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though not possessed of magnetic powers themselves. This ma
be observed, by presenting the ordinary steel magnet to the mineri
reduced to a coarse powder. If the particles are susceptible of
magnetic influence, they will adhere to the applied magnet. This
character serves to distinguish a few of the mmeral species, which
otherwise have very close resemblances; especially, magnetic iron
ore from specular iron, and magnetic pyrites from common pyrites.
The native magnet is a variety of etic iron ore.

Many minerals become attractable by the magnet, only after un-
dergoing the high heat of the blowpipe; this is the result of a par-
tial decomposition. This fact should always be observed in the
descriptions of the species.

CHAPTER IV.

SPECIFIC GRAVITY.

97. THE specific gravity of a mineral, is its weight compared
with that of anotherg;uabstance of equal volume, wh%se gravity is
taken at unity. If a cubic inch of any mineral weighs twice as
much as a cubic inch of water, (water being the unit, )its specific grav-
ity is 2, if three times as much, its specific gravity is 3, &c. In the
case of solids or liquids, this comparison is usually made with wa-
ter ; but when the substance is a gas, atmospheric air is assumed
as the unit.

It results from the nature of a fluid, that the weight lost by a solid
immersed in water, is equal to the weight of an equal volume of
water. The determination of specific gravity is, therefore, a very
simple process. We ascertain the weight out of water by weighing
it in the usual manner; we then determine the weight in water;
and the loss by immersion, or the difference of the two weights, is

the weight of an equal volume of water : that is, if a mineral weighs
120 out of water, but 90 on immersion, it has lost 30 grains,
which is

the weight of a volume of water equal to that of the mine-
ral. 'The minergl, consequently, weighs in this instance 4 times as
much as the water; for 4x30 grains, (weight of water,) equals 120
grains, which is the weight of the mineral. 'The rule for the pro-
cess is, therefore, Divide the weight out of water, by the diffe-
rence of weights obtained out and in water.

The water employed for this purpose should be free from all for-
eign substances, which maﬂ be effected by distilling it. Since the
density of water varies with its temperature, a particular tempera-
ture has been selected for these experiments in order to obtain uni-
form results: 60° F. is the most convenient, and has been gene-
rally adopted. )

I? a pair of scales is used for obtaining the weights, they should

11
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be exceedingly delicate, when perfect accuracy is required. For
original investigations they should turn with the 1000th of a grain.
The weights must be selected with care, and should vary from the
twentieth of a grain, to 120 grains. 'To weigh the mineral immer-
sed in water, it may be attached to the scales by a single fibre of
raw silk or a fine hair, and thus let down into a jar of water, care
being taken that the scales be kept perfectly dry. The attachment
of the fibre of silk to the scales, may be made by means of a small
hook attached to the lower part of one scale. For the ordinary in-
vestigations of the mineralogist, in the determination of species, it
willﬁ found most convenient, if the scales are not provided with
this hook, to make a very small hole through the centre of one
scale, and through it attach a horse hair permanently to the scale.
By tying a slipping knot in the horse hair, the minerals under in-
vestigation may be attached and detached without difficulty, owing
to the elasticity of the hair; the hair thus arranged will seldom re-
quire to be replaced.

An instrument called Nicholson’s Araometer, is often substituted
for the scales, and for mineral analysis is sufficiently accurate.

M N is a hollow metallic cylinder; E, a lead-
en support for the mineral; A a cup attached to
M N by a piece of brass wire Ir; a mark should
be made at b on this wire, a short distance above
the line to which the instrument sinks when im-
mersed in water.

In using the instrument it is inserted into a tall
glass jar containing water, and the cup C placed
on A to receive the weights. The weights are
now added until the instrument sinks to the line
atb. This weight, which is to be noted and mark-
ed on the cup C, is called the balance weight of
the instrument. It will be perceived as we pro-
ceed, that the specific gravity of no specimen of
ﬁ—reater weight than the balance weight, can be

etermined with this instrument, except by chan-
ging the position of the mark &.

To ascertain the specific gravity of a mineral,
place the specimen on C, mgr add such additional
weights as are required to sink the instrument to 4 ; subtracting
this additional weight from the balance weight, gives the weight
of the specimen. Next, place the specimen on the receptacle E, and
having immersed the whole again in the water, add weights to C till
the instrument again sinks to b; the weights added, equal the weight
of an equal volume of water. We then divide as b?a?'ore the weight
of the mineral by the weight of the equal volume of water.

To insure accuracy, those specimens should be selected which
are perfectly free from foreign substances and contain no vacuities.
If vacuities exist, they may usually be removed by a coarse pulver-
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tzation of the mineral. If reduced to an impalpable powder, it
is apt to swim on the surface, though heavier than water, and there-
fore this should be avoided.

The mineralogist is so seldom required to investigate the speci-
fic 'imvnty of liquids or gases, that an explanation of the different
methods employed is unnecessary.

CHAPTER V.
CHARACTERS DEPENDING ON COHESION.

TaresE characters are of three kinds :—1. Hardness; 2. State of
Aggregation; 3. Fracture.

1. HARDNESS.

98. Every one’s experience teaches him that the harder body
will scratch the softer, and that therefore we may distinguish the -
harder from the softer by a trial of this kind. From the same in-
structor, the fact is universally known that the softer the substance
the more easily it is impressed and abraded by a file. Both these
methods are used by the mineralogist in determining the hardness
of the species, but the latter is much to be preferred. Some of the
objections to the former are the following :

The facility of operation depends to some considerable extent on
the acuteness of the angle with which the trial of scratching is
made, and it becomes very difficult if not impossible when there is
no angle. 2. The result is very uncertain at low degrees of hard-
ness. 3. It is imposssible with imbedded minerals. 4. The trial
specimens must have finely polished surfaces, which are obtained
with difficulty, and if polished, are soon destroyed for this purpose,
after receiving a few scratches.

It might also be added, that this process is much more difficult
than that by the file ; and, moreover, it is unnecessary, as the file will
answer in all cases. Even when the mineral is too hard to be im-
pressed by it, the peculiarity of the grating sound will suffice to
the practised ear.

To give a more definite character to the results obtained with
respect to the hardness of minerals, the distinguished German
mineralogist, Mons, has introduced a scale of hardness. In older
works on the science, the very indefinite terms kard, soft, tender,
&c., were employed to express the degrees of hardness. After-
wards, minerals were described as harder or softer than glass, or
than one another. Consequently, the standards were almost as nu-
merous as the mineral species, and no information was conveyed
to the person unacquainted with the species with which compari-
son was made; or if acquainted with the species, since many
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minerals vary somewhat in their hardness, the statement was still
indefinite, unless the particular variety was noted. 'The confusion
and incorrectness thus introduced into the science, have been re-
moved by the selection of a few minerals of common occurrence,
as standards of comparison. Mohs’s scale consists of ten minerals,
which gradually increase in hardness from 1 to 10. The intervals
between 2 and 3, and 5 and 6, are larger than the others. Brei-
thaupt has therefore introduced another degree of hardness between
each of the above, and thus his scale is composed of twelve mine-
rals. The advantage of Breithaupt’s scale may be secured without
altering the number of units of comparison, by numbering that be-
tween 2 and 3, 2§, or 2.5, and that between 5 and 6, 64, or 5.5.

The scale, thus constructed, is as follows:

1. Talc; common laminated light green variety.
R. Rock salt, or an uncrystallized variety of gypsum.
2. 6. Foliated mica. .
3. Calcareous spar; transparent variety.

4. Fluor spar ; crystalline variety.

6. Apatite ; transparent variety.

b. 5. Scapolite ; crystalline variety.

6. Feldspar ; white cleavable vanety.

7. Quartz ; transparent.

8. Topaz ; transparent.

9. Sapphire ; cleavable varieties.

10. Diamond,

If the file abrades the mineral under trial with the same ease as
No. 4, and produces an equal depth of abrasion with the same force,
its hardness is said to be 4. If with more facility than 4, but less
than 5, the hardness may be 4%, or 43, written in decimals 4.25, 4.5.
Several successive trials should be made to obtain certain results.

'The use of the file is acquired with very little experience ; usu-
ally a single trial is sufficient. Care must be taken to apply the
file to similar edges in the specimens compared ; that is, edges of
equal obtuseness. That part, also, of the specimen should be se-
lected, which has not been altered by exposure, and which has the
highest degree of transparency and compactness of structure. The
pressure for determination should not be very light, and the file
should be passed three or four times over the specimen. '

Some crystals present different degrees of hardness on their un-
like parts. An example of this fact is observed in Kyanite and also
in mica. 'This is only observed in the inequilateral primary forms,
and like the similar difference of color, lustre, &c., finds a ready
explanation in the theory of their formation : unlike faces are the
result of the action of unlike azes.
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2. STATE OF AGGREGATION.

99. Solid minerals may be either brittle, sectile, malleable, flexi-
ble, or elastic. Fluids are either gaseous or liquid.

1. Brittle ; when on detaching parts of the mineral with a knife,
the separated parts fall to a powder. Ex. kerolite, calc spar.

2. Sectile ; when the detached parts do not fall to a powder.
'This character is intermediate between brittle and malleable. Ex.

gygsum.

. Malleable ; when the detached parts separate in slices. This
is a consequence of what is usually termed malleability, or the ex-
tensibility of a substance under the hammer. Ex. native gold, na-
tive silver.

4. Flezible ; when the mineral may be bent without breaking,
and retains its bent position when the bending force is removeﬁ.
Ex. talc.

6. Elastic ; when on removing the bending force, the original
position is reassumed. Ex. mica.

A liquid is said to be viscous, when, on pouring it, the drops
lengthen, and appear ropy. Ex. petroleum.

3. FRACTURE.

100. The natural fracture of crystalline minerals, has already
been noticed under Cleavage. 'The fracture of amorphous min-
- erals, varies in the form and kind of surface produced.

1. Conchoidal ; when the minerals break with concavities, more
or less deep, and corresponding elevations. It is so called from the
resemblance of the concavity to the valve of a shell, from concha,
a shell. Ex. flint.

2. Even ; if the fractured surface is nearly or quite flat.

3. Uneven ; if the broken surface is rough, with numerous small
elevations and depressions.

4. Hackley ; when the elevations are sharp or hooked. Ex.
broken iron.

—_—

CHAPTER VI
TASTE.

101. TasTE can be observed only in the soluble minerals and
liquids. The different kinds of taste which have been adopted for
reference are,

1. Astringent ; the taste of vitriol.

2. Styptic; taste of alum.

3. Saline ; taste of common salt.
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4. Alkaline ; taste of soda.

6. Cooling ; taste of salt petre.

6. Bitter ; taste of Epsom salts.

7. Sour ; taste of sulphuric acid.

This is an important character in distinguishing the soluble
minerals.

CHAPTER VII.
ODOR.

102. ExceprTiNG some of the gases and soluble salts, minerals
do not in the dry unchanged state give off any odor. Odor may be
obtained from many, however, by friction, or by moistening their
surfaces with the breath ; and also by the elimination of some vol-
atile ingredient by heat or acids. The following terms will be
employed in describing the odors thus obtained from minerals.

1. Alliaceous ; the odor of garlic. Friction of arsenical iron
elicits this odor ; it may also be obtained from any of the arsenical
ores or salts, by means of heat.

2. The odor of horse-radish. 'This very disagreeable odor is
strongly perceived, when the ores of selenium are heated.

3. Sulphureous ; friction will produce this  odor from pyrites,
and heat from most of the sulphurets.

4. Bituminous ; the odor of bitumen.

6. Fetid; the odor of sulphuretted hydrogen or rotten eggs. It
is elicited by friction from some varieties of quartz and limestone.

6. Argillaceous ; the odor of moistened clay. It is obtained
from serpentine and some allied minerals, after moistening them
with the breath ; others, as pyrargillite, afford it when heated.



PART III.

CHEMICAL PROPERTIES OF MINERALS.

TrE chemical properties of minerals are ascertained in two ways;
1, by the action of acids; 2, by heat, concentrated by means of the
blowpipe, assisted by various chemical re-agents.

CHAPTER I
ACTION OF ACIDS.

103. WaeN diluted sulphuric acid, (oil of vitriol,) nitric acid,
(aqua fortis,) or muriatic acid, is put on a specimen of calcareous
spar, or when this mineral is introduced into either of these acids,
there is a rapid escape of bubbles of aérial matter, producing what
is termed effervescence. In this instance, this aérial matter is car-
bonic acid, which, either of the above acids will separate from the
lime. Whenever, therefore, a mineral contains a volatile ingre-
dient capable of being expelled by an acid, this character may be
employed to distinguish it from others it much resembles in its ex-
ternal characters. In making this trial, it is most convenient to
apply the acid by means of a glass rod, directly upon the specimen.
It must be closely observed, that the mineral is quite pure; any
fissures or seams are very liable to contain small quantities of car-
bonate of lime, or some other substance equally decomposable by
acids, which would, therefore, give a fallacious result. When
there is any doubt as to the result obtained, it may be removed by
ldzre(:ipping' a fragment not larger than a pea, or some of the pulver-
ized mineral, into the acid. Its reduction in size, quantity, and the
accompanying effervescence, will render manifest the action of the -
acid. The acids, when employed for this purpose, should be at
least one half water. The (filute nitric acid is generally most con-
venient. In some cases the others are requisite. In these examina-
tions, it is important to observe the odor of the escaping gas; also,
whether very suffocating and disagreeable, or merely pungent;
also, its color, and if the experiment is performed in a vessel, the
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color of the solution should be observed. In many instances, solu-
tion is obtained without effervescence, and often a mineral is but
partly soluble, and the insoluble part is thrown down in the state
of a powder ; frequently, it may be insoluble in cold, but soluble in
hot acid.

Another effect of the action of acids is the reduction of the mine-
ral to the state of a jelly. To accomplish this, the finely pulver-
ized mineral is thrown into a strong acid, and a gentle heat ap-
plied. After a short time, as the mineral cools, it gelatinizes. In
a few instances, a jelly may be formed readily with the cold acid.
By heating the mineral, this property is often destroyed ; but occa-
sionally it takes place, with equal facility, before and after heating.
These facts will often assist in distinguishing the mineral species,
and should, therefore, be noticed in the descriptions of new species.

CHAPTER II.
ACTION OF THE BLOWPIPE.

104. The first of the annexed figures, represents the simplest
kind of blowpipe. It is merely a bent, tapering tube of brass, from
seven to ten inches long, with a very minute aperture at its smaller
end. Itsuseis to concentrate the flame
of the candle to a single point. 'This f=' ,c%
is effected by blowing with the mouth r_—%j —
through the instrument, while its smaller 2 \1
end is just within the flame of the lamp
or candle. For this purpose, the wick |
should be bent in the direction in which “—
the flame is to be blown. With a little i
practice, a focus is easily obtained. ¢

Frequently, the operations with the
blowpipe require an unintermitted heat
for a considerable length of time, and al-
ways longer than a single expiration of
the operator. It is, therefore, necessary,
that the process of breathing and blow-
ing should be going on cotemporane-
ously. This, thougﬁ apparently para- — o —*
doxical, may be accomplished after a little practice. 'The learner
should first attempt to breathe through his nostrils, with his cheeks
inflated and mouth closed, and be able to continue, uninterruptedly,
the process of breathing without altering the inflation of the cheeks.
This accomplished, if he introduces the blowpipe into his mouth,
he will soon-find no difficulty in continuing his respirations, while
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the muscles of the inflated cheeks are throwing their contained air
through the blowpipe. Whenever the cheeks are nearly exhausted,
the mouth may again be filled without intermitting the flame, and
the respiration through the nostrils recontinued.

After blowing a short time, moisture often collects in the tube
and prevents the longer continuance of the process. 'To remedy
this inconvenience, the appendage at o, figs. 2 and 3, is often added
to the blowp'ige; it is merely a small chamber for receiving and
condensing the moisture. In fig. 3, the beak is connected with
the chamber by a universal joint, admitting of motion laterally, in
all directions. -

To avoid the necessity of putting into the mouth the brass of
which the blowpipe may be made, it is usually provided with an
ivory mouth-piece. It is, however, preferable that this instrument
be made of silver, and quite desirable that its beak, at e, be of pla-
tinum. When made according to Wollaston’s method, it consists
of a thin tube, about seven incies long, attached at one extremity
to a beak of similar form. 'The tube is composed of two parts,
which may slide into one another, and thus the whole is made to
occupy no more room than a common pencil case. The same is
effected by the arrangement in fig. 2, in which the lower half, c d, is
screwed into the upper. When unemployed, it mag be unscrewed,
and the part, c d, inserted at a into the part ac, and again screwed
in. Thus arranged, it occupies no more room than according to
Dr. Wollaston’s plan ; and on account of the greater facility of ren-
dering it tight with a screw, this method may sometimes be pre-
fer .

The flame produced by the blowpipe, consists of two cones; an
inner of a blue color, and an outer, which is yellow. 'The heat is
most intense just beyond the extremity of the blue flame, where the
greater part of the heat of the candle is concentrated. The effect
of the heat of the inner cone is to fuse, and, in many instances, to
reduce the mineral (if a metal,) to its metallic state. This, there-
fore, is called the reduction flame.

The same effect is not always produced at the extremity of the
outer flame. Often, the mineral reduced by the inner cone, if
placed at the extremity of the outer, is recomposed, in consequence
of its contact with the atmosphere, by uniting with oxygen one of
the constituents of the atmosphere. For this reason, the outer
flame is called the orydating flame. For oxydation, the beak of
the blowpipe should have a large aperture, and the wick be sepa-
rated, so as to make the flame as large as ible. o

The best flame is produced by means of a lamp fed by olive oil,
and containing a large wick. An ordinary candle, with a large
wick, will suéce for most of the purposes of the mineralogist.

105. The mineral under blowpipe examination, requires some
support, which is a bad conductor of heat. The usual material
employed, is well burnt iléarcoal The charcoal of pine wood,



90 CHEMICAL PROPERTIES OF MINERALS.

and, in general, that which is the least compact, is to be preferred.
These are usually more pure carbon, and burn with less ashes.
For ordinary observations, however, the more compact is the most
convenient.

A reaction of the carbon may sometimes prevent the success of the
operation. Platinum spoons, or forceps with platinum extremities,
are then convenient substitutes. The spoons should be about three
lines long, and one broad, and attached to a small handle, pointed
at its extremity. When used, the handle may be inserted into a
piece of charcoal, which will serve as a protection to the hand from
the heat. Platinum wire may also be employed for a support ; it was
first introduced by Gahn. 'To attach the mineral, which is pow-
dered for the purpose, first dip the extremity of the wire, moistened
with the mouth, into some powdered flux, as doraz ; after melting
the flux thus attached to the wire, the powdered mineral may be
taken up by it in the same manner. 'The mineral kyanite is some-
times a convenient support, when other materials may not be at
hand ; also, a leaf of mica may sometimes be employed.

‘When it is desired to obtain the volatilized imirredient, the min-
eral may be supported near one extremity of a glass tube, open at
both ends. The heat is then applied outside, and the volatilization
goes on, and a condensation, or resolidification, at the other ex-
tremity of the tube. In this manner, the presence of water, also,
may be detected.

The heat of the blowpipe is insufficient to produce any effect,
on very many of the mineral species, unless some other substance
is added which will assist in the fusion or reduction. These sub-
stances are called fluxes. 'The most common are borax, subcarbon-
ate of soda, and salt of phosphorus or the phosphate of soda and
ammonia. These, in powder, are to be mingled with the mineral,
and the mixture, which should not exceed a pea in size, placed in
the focus of the blowfpipe.

106. The effects of the blowpipe on different minerals are very
various. Some fuse at a low temperature, others with difficul
only on the thinnest edges. With many, partial volatilization fol-
lows fusion, while, with not a few, it precedes this effect, and occa-
sionally takes place when fusion is impossible, except with the aid
of fluxes. The following particulars should be attended to, in
making these examinations.

1. Previous to fusion: the production of opacity, and a partial
or entire bleaching, owing to the escape of water; this effect is
readily obtained with gypsum: the separation of the lamine, com-
posing minerals of e foliated structure, termed exfoliation : the de-
crepitation, or disposition to split off, with a crackling noise : the
change of color, resulting from partial or complete decomposition :
the color of the flame ; carbonate of strontian tinges it red, some cop-
per ores, green : the evolution of odorous fumes, and the odor given
off ; minerals containing sulphur, often afford a sulphureous odor,
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those containing arsenic, an alliaceous odor, those containing sele-
nium, the odor of horse-radish: the emission of light below a red
heat, called phosphorescence.

2. During and after fusion : the change of color, and the evo-
lution of odorous fumes, as above: the similarity, or dissimilarity,
between the color of the melted and subsequently cooled globule:
the frothing or intumescence, produced by the escape of aérial mat-
ter: the fluidity and §eneral appearance of the fused globule or
surface : the nature of the cooled globule, whether angular and
crystalline in its form, glassy, vesicular, scoriaceous, opaque or
diaphanous, free or covered with a thin incrustation, capable of
affecting the magnetic needle or attractable by the et, metallic
or unmetallic ; and if metallic, whether malleable or brittle.

It should also be observed- whether the support is covered with
an incrustation, and the color and nature of this coating.

For a more complete account of the phenomena attending the
use of this instrument, and of its effects as indicative of the composi-
tion of minerals, reference may be made to a very complete and
highly valuable work on this subject, by Berzelius, which has been
translated by Mr. Children.*

* The use of the blowpipe in Chemical Analysis, and in the examination of Mine-
rals: translated by J. Q. Children. 8vo. 3 pl. n, 1622,



PARTIV,

TAXONOMY.

Taxonomy is that branch of Science which inwmi?tes the Frm—
ciples of System. It embraces the two dependent subjects, Classi-
fication and Nomenclature.

CHAPTER I

CLASSIFICATION.

IDENTITY, AND NON-IDENTITY OF SPECIES.

107. ApsTRACTLY considered, those individuals are conspecific
that possess all the invariable qualities of a particular species. It is
therefore important to understand the relative value of crystallo-
g(irapl}ic, physical, and chemical characters, in the determination of
identity.

a. Importance of Crystallization in Determining Identity.

The characters of minerals depending on crystallization, hold the
first rank. The present elevation and perfection of the science of
Mineralogy, has mostly arisen from the developments of the prin-
ciples of cr{stallograpgy. Indeed, the only characters in which
the mineral species are invariably constant, are the form and
structure of their crystals. The following canon, which was first
introduced by the Abbé Haiiy, is therefore fundamental in the sci-
ence, and should take the precedence of all other laws or princi-
ples : Similarity of crystallization proves an identity of species,
and dissimilarity a non-identity. then a mineral presents per-
fect and distinct crystals, no other character is required for its de-
termination. By similarity of crystallization is understood, not
merely an identity in the system of crystallization, but also, in an-
alogous interfacial angles, and in cleavage. Occasionally, thereisa
slight variation in the angles, and in the cleavage of some of the



CLASSIFICATION. 93

most variable species. But they are not sufficient to affect the gen-
erality of the above canon.

But crystals are comparatively of rare occurrence. More fre-
quently it is necessary to decide with respect to amorphous or im-
perfectly crystalline specimens, in which cases, we must appeal to
the remaining characters, either physical or chemical.

b. Importance of the Physical Characters in Determining Iden-
tity.

The importance of these characters is quite various. 'They all
vary more or less in some of the mineral species ; but as the limits
of variation, with several of these characters, are in most instances
but small, by possessing a knowledge of these limits, we may often
confidently determine with respect to the identity of species.
These characters should receive the attention of the mineralo-
t in the following order, which is a partial compromise between
e importance of a character, and the facility of its determination.
1. Lustre. 'The distinction of metallic lustre from non-metal-
lic, is of the first importance. Excepting this, lustre should rank
low among the physical characters; for the line of demarcation
between the non-metallic lustres is very indistinct, and often they
are all presented by the same mineral.

2. Streak. 'The streak is a highly important character, both
from its constancy, since it seldom varies with the color, and also
because of the facility with which it may be determined.

3. Hardness. 'The liability of some minerals to decomposition,
their accidental impurities, and the various mechanical states they
may present, render this in some instances a character of some lit-
tle uncertainty, It is however easily determined, and if the limits
of variation are known, it may subserve an important purpose in
the determination of a species. An allowance of 0.5 at least, should
usually be made for variation.

4. Specific Gravity. This character is more constant than that
of hardness, though for similar causes it is subject to some varia-
tion. Hardness has been ranked before this character on account
of the superior simplicity and facility of its determination.

6. Color. Color is usually a very inconstant character. It is
however subject to but little variation in the species which have a
metallic lustre, and is therefore highly valuable in distinguishing
these species. It is also not without some value in the analyses of
the non-metallic minerals.

6. Diaphaneity. The remarks on color, also apply to the char-
acters depending on diaphanei%hm

7. State of Aggregation. is character is also more especial-
ly useful among the metallic minerals, but occasionally affords as-
sistance in examinations of the non-metallic species.

-_— —————ee. m®= — A A& e e a A
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8. Taste. Taste can be employed only among the few soluble
minerals. With these it is highly important.

9. Fracture. This character is seldom of any value. It may
be employed in distinguishing varieties rather than species.

10. Refraction, Phosphorescence, Electricity, Magnetism and
Odor, are each of very limited importance.

c. Importance of Chemical Characters in Determining Identity.

When the crystallization of a species is sufficiently distinct to serve
as a guide in distinguishing species, the results obtained by chemi-
cal means should never modify the decisions of the mineralogist.
The differences of composition exhibited by analyses of the same
species, may more frequently arise from mechanical mixtures than
is generally supposed. In the process of crystallization, we should
expect that those substances which might be present in the solu-
tion, would often be taken up mechanically by the crystallizing
mineral, and thus afford fallacious results to the analyst. But,
were it not subject to these errors, still as a test of identity of spe-
cies it would be inferior to the crystallographic canon.

In the numerous instances of imperfect crystallizations, chemi-
cal and blowpipe tests are often a valuable assistance, and could
not be dispensed with. They are determined with facility, and
generally may be received with confidence.*

THEORY OF CLASSIFICATION.

108. The objects of classification are two: 1. The determina-
tion of the names of species; 2. An exhibition of the natural re-
lations of the objects classified.

A classification for the former purpose, should be a lucid arrange-
ment of the species according to a few prominent characters, which
at the same time are the most important and the most easily deter-
mined. That, for the latter object should depend on a considera-
tion of all natural characters, in order to bring together those spe-
cies possessed of the greatest number of natural affinities. The
first is termed an artificial classification, as the species are arran
without any reference to their natural relations, and it subserves
merely the purpose of analysis. The second, on the contrary, af-
fords a clear view of the relations of the species, and is therefore
called a natural classification. As the first object of the student,
after an introduction to the science, will be the determination of

*In makin§ this admission, that Natural-History characters are not sufficient in
all instances, it does not aéapear that we degrade the science of Mineralogy from its
rank among the Natural Sciences, as some of its most distinguished authors would
affirm. The instances in which we would employ chemical characters, are those on-
ly in which the individuals have not a perfect organization. Exceptions themselves
to the regular laws of nature, they necessarily introduce exceptions to the regular
laws of science.
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the names of species, the artificial classifications will first come un-
der consideration.

Theory of Artificial Classifications.

109. Were all minerals invariably c?slnllized, a single classifica-
tion according to the different classes of crystalline forms, would be
the most convenient, in all instances, for the determination of the
names of species. But, unfortunately for system, irregular crys-
tallizations are by far the most numerous. We, therefore, pro-
pose two systems of artificial classification, the one, depending on
crystallization, the other, independent of the same; the former
to contain only those minerals which are sometimes in the crystal-
line state, the latter, all the mineral species. 'The former will be
found to be far preferable for determination, when the specimen
under examination is in regular crystals.

110. The classes which readily present themselves for an artifi-
cial classification, depending on the crystalline forms, have already
been given in § 24, and the means of determining the class from
secondary planes in § 52. We may arrive at the class with great
facility, often when the particular primary cannot be determined.
A mineral of the class Trimetrica, might be ascertained to belong
to this class without difficulty, while it might be impossible to dis-
tinguish, whether its primary was a right rhombic prism, right
rectangular prism, right rhombic octahedron, or right rectangnlar
octahedron. This classification is, therefore, preferable to one in
which each primary, forms a separate class.

The classes in this system of Classification, are

1. Monometrica. 4. Monoclinata.
2. Dimetrica. 5. Triclinata.
3. Trimetrica. 6. Tetraxona.

It is unnecessary to repeat an enumeration of the primaries in-
cluded in these classes. They have been given in § 24.

Each of these classes may be subdivided into the orders, metal-
lic and un-metallic. The former includes minerals without me-
tallic lustre ; the latter those exhibiting this lustre. A few species
have a submetallic lustre; to avoid all difficulties, these may be
enumerated in each order. All the purposes of analysis may be se-
cured, without a distribution of the species into smaller divisions, or
genera.

111. In the construction of an artificial classification, independ-
ent of crystallography, the three classes adopted are a natural dis-
tribution of the species. They are as follow :—

1. EPIGZEA, (sxi, upon, and yaia, earth.)

Includes the gases, unmetallic liquids, and soluble minerals, or
minerals possessing taste. These minerals have resulted from the
decomposition of other species, and their formation is now going
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on; they are, consequently, Epigean or superterraneous. Their
specific gravity is below 3.8.
2. ENTOGEA, (éveos, within, and yaia.)
Includes those insoluble minerals which occur in or compose
the several rock strata, and which are, therefore, properly described
as occurring within the earth. Sp. gr. above 1.8.

3. HYPOGEA, (iwv, beneath, and yaia.)
Includes those species which were once on the surface, as a part

of plants or minerals, and which have been subsequently buried ;
ex. the coals and resins. Sp. gr. under 1.8.

The species of the class Epigea may be distributed into two di-
visions, the firs¢, to include the fluid species, and the second, the
solid. The second division may be farther subdivided, according
to the taste of the species and the degree of solubility.

a. Streak white or gray-
1. Lustre unmetallic. ish-white.
C. II. ENTOGxA. b. Streak colored.
2. Lustre metallic.

According to this table, the species of the class Entogeea are first
divided into two sections; 1, those with unmetallic lustre, and 2,
those with metallic lustre. Those with metallic lustre are farther
subdivided according to their streak.

Those few minerals whose streak varies, or is of doubtful char-
acter, are introduced into both the divisions, in the same manner
as those of doubtful or varying lustre. Thus may be avoided all
difficulties arising from incorrect decisions in these doubtful cases.

The remaining class, Hypogea, contains but few species and,
therefore, requires no subdivisions.

Theory of a Natural Classification.

112. A natural classification of the mineral species should be
founded on those characters that are under the cognizance of the
mineralogist. It should afford him a distinct idea of all their ex-
ternal resemblances, and through these, a knowledge of their sev-
eral peculiarities; for, whether engaged in studying, using, or
teaching this science, his main dependence must be, and always is,
their ezternal characters. To these he makes his first appeal in
distinguishing minerals, and on these he must place his strongest

e, if he would impart to the student the power of discrimi-
between the mineral species. In the following theory of a
. classification, the external characters of the species have
re, in general, been employed in preference to the sole use
mical characters. The student may proceed, by its assist-
a his investigations without being impeded at every step b

orance of chemistry. He is not required to wade throug
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the difficulties of chemical science, as introductory to his minera-
logical studies. The comprehension of a strictly chemical classifi-
cation, requires acquaintance with the most recondite principles of
that science, and cannot be fully understood without a perfect
knowledge of all its general principles. The distinctions of acids
and bases, not to mention others of greater difficulty, summon for
their apprehension more than a superficial acquaintance with the
principles of chemistry.*

With a purely chemical classification, moreover, Mineralogy is
not a distinct natural science, but an appendage to the science of
Chemistry. -

An examination of natural objects, with respect to their charac-
ters as individuals, is the domain of Natural History. It takes cog-
nizance of their relations as unities; it views a mineral as a
simple object, and describes and considers the qualities it pre-
sents in its own capacity, and classifies by means of these qualities.
It is altogether anomalous to select the character of a constituent
element, and make the qualities of a substance entirely distinct and
wholly different from the objects to be classified, the basis of the
classification.

For a deliverance from such incongruities, the science of min-
eralogy is indebted to one of its most distinguished cultivators,
Mons, who has exhibited in the construction of his classification,
and throughout his mineralogical writings, a highly philosophical
mind, and a profound acquaintance with the science of mineralogy,
both physically, chemically, and crystallographically considered.
His arrangement is eminently deserving of the epithet NATURAL, for,
in general, it elegantly exhibits the natural relations of the mineral
species, equally in the general groupings of the species into classes
and orders, and in their distribution into genera.

A classification of this kind, founded on the external characters of
the species, necessarily exhibits to a certain extent their chemical re-
lations ; for their chemical constitution, though not an index of their
physical peculiarities, is, notwithstanding, the source whence these
peculiarities proceed. 'Thus, while the advantages of a natural ar-’
rangement are secured, the classification possesses, as far as is profit-
able to the science, the qualities of a chemical arrangement, without
so partaking of the niceties of chemical science as to be rather an
impediment than assistance to the student. '

he following is a general view of the natural classification ; the
relations of the orders will be more particularly explained, after this
enumeration of them, with their essential characters. A few alter-
tions have been made in the original arrangement by Mohs, where
it appeared to admit of improvement.

+ For remarks on Chemical Classifications, see Appendix B.

13
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Cuss 1. EPIGEA.

G. under 38 No bituminous odor. Taste of solid individuals, acid, alkaline, or
saline.

Cuass II. ENTOGZEA.
G. above 1'8. Tasteless,

Curass lII. HYPOGZEA.
G. under 16,

- Crass I. EPIGEA.+
Order 1. RHEUTINEA, (Jevros, Auid.)
Gaseous or liquid. .
Order 2. STERINEA, (orepeds, solid.)
Individuals solid.

Cuass II. ENTOGEA.

Order 1. HALINEa, (&8\ives, saline.)
H.=1-55. G.=1'8—33 Lustre unmetallic. Streak uncolored.

Order 2. BARYTINEA, (6apvrns, weight.)
H.=8—6. G.=3—81. Lustre unmetallic.

Order 3. CERATINEA, (xépas, Rorn.t)
H.=1.—2. G.=55—6'5. Lustre resinous, passing into adamantine.
Order 4. OsMERINEA, (dopnpes, adorou;s.)

H.=16—3. G.=2—3'1. Odor when moistened, argillaceous. Lustre unmetal-
lic. Streak uncolored.

¢ The nomenclature here adopted, which is somewhat peculiar, will be more fully
e d in a future section. The orders employed by Mobhs, as translated and adopt-
ed by Haidinger and Allan, are as follow:

Class |.—Order 1. Gas. 2. Water. 3. Acid. 4. Sall.

Class [1.—Order 1. Haloide. 2. Baryte. 3. Kerate. 4. Terene.* 5. Malackite.s 6.
Mica.s 7. Steatite® 8. Spar. 9. Gem. 10. Ore. 11. Metal. 12. Pyriles. 13. Glance.
14. Blande. 15. Sulphur.

Class 111.—Order 1. Resin. 2. Coal.

The order acip, in Class 1., contains both gases, liquids, and solids, and moreover,
the individuals are not uniform in presenting a sour taste. It appeared preferable
t) he gujded by the more important natural characteristic, the mechanical state of
Aunidity or mll«{lly, and consequently, instead of the four orders of Mohs in this class,
§ huve sdipied the two, Rueuringa and STERINEA. .

“I'hae wppes 1ew ot thase orders in Class I1, which have been omitted (those marked
Wil sn watenink ) in the clusaification adopted, have been distributed into those of the
sronmining orders, with which they appear to be closely allied. The characteristies
b Vhssac nders s1e not apparently of sufficient importance to require the separation
1b bhse aperies they inelude (rom their natural congeners in the other orders. By this
thange, U tew excaptions to the distinctions of orders and genera have been intro-
Aswred - Farepions of thin kind have been found unavoidable in other branches of
#aini k) histayy, und are lows objectionable than discrepancies in the natural character
ref 1he v lumel fisubion.

! It whiwabian 1 the hotn 1ike lustre of the species.
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Order 5. CraLICINEa, (xéMf, silez.*)
H.=2—7. G.=%6—4. Lustre unmetallic. Streak uncolored.

Order 6. HYALINEA, ($akivos, glassy.t)
H.=55—10. G.=2'6—4'8. Lustre unmetallic. Streak uncolored.

Order 7. BCAPTINEA, (exdrros, that which is dug.)
H.=1-7. G.=2-8. Color dark red—black. Streak colored, unmetallic.

Order 8. METALLINEA, (peralloy, metal.)
H.=0—5. G.=57—20. Lustre and streak metallic. Color white, gray, yellow,
or slightly reddish.
Order 9. PYRITINEA, (wvplrng, pyrites.)

H.=3—65. G.=46—94. Lustre metallic. Streak unmetallic. Color white,
yellowish or reddisb. Brittle.

Order 10. GALINE4, (yehew, to skine.)

H=1-—4. G.=42—85. Lustre metallic. ‘Streak unmetallic. Color dark gray
or black. Brittle.

Order 11. ADELINEA, (8whes, unmanifest.t)
H.=1—4. G.==33—59. Lustre not true metallic. Streak colored.

Order 12. TRENNEA, (6dtov, sulphur.)
H.=15—25. G.=2—21. Lustre resinous. Color yellow. Streak yellowish.

Crass III. HYPOGEA.

Order 1. PITTINEA, (mirra, pilch.)
Easily fusible.

Order 2. ANTIRACINEA, (dv8pad, coal.
Infasible.  (otee )

The characters and names of the classes have already been ex-
plained in § 111. 'The greater part of the mineral species are in-
cluded in the class ENTog£A. Unlike the EP1GEAN species, they
are insoluble, and in their superior specific gravity, their non-bitu-
minous odor or non-carbonaceous aspect, they differ from the indi-
viduals of the class EYPocEa. The era of their formation was
cotemporaneous with that of the rocks that contain them, whereas
the Epigeean species are the result of the decomposition of other
minerals, and the Hypogean have arisen from the inhumation and
consequent alteration of vegetable or animal matter.

The species of the first six orders of the class Entogsea have an
unmetallic lustre, and, with the exception of some species in the
order Barytinea, a whife or grayish streak. In the remaining or-
ders of this class, the species have a colored streak, and excepting
the two last orders, and several species of the order Scaptinea, a
metallic lustre.

» The species, in general, contain silica.
+ In allusion to the high degrees of lustre.
+ The metallic nature of the species is disgunised by the mineralizing ingredient.
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The distinguishing characteristics of the several orders, as above
given, are not in every instance sufficient to exclude all the species
not contained in them. The individuals of the mineral kingdom
are so very subject to accidental variations in form and appearance,
that distinct lines cannot be drawn without infringing on the natu-
ral character of the arrangement. Moreover, the characters are of
such a nature that they are expressed with difficulty, although to
the eye they appear clearly obvious.

It may be important to consider the chemical characters of the
orders in connection with their other characters. The orders Ha-
linea and Barytinea include those species of unmetallic lustre,
which are chemically salts, except the compounds of silica, bo-
racic acid, and alumina ; the latter are included in the following
orders, Osmerinea, Chalicinea, and Hyalinea. Many of the former
effervesce with acids, or are decomposed and give off fumes or an
odor under the blowpipe, while the latter are not so affected by
acids or heat. 'The order Halinea contains the lighter of the
salts, and Barytinea the salts of the metals, together with those of
barytes and strontian, which in general have high specific gravities.

The order Ceratinea includes a few metallic chlorids and iodids,
which have a higher specific gravity than the species of the order
Halinea, and less hardness than those of the order Barytinea.

Of the three following orders, the species of the first have an
inferior hardness and lustre, and give off, when moistened by the
breath, an argillaceous odor. The order Chalicinea contains, in

eneral, minerals of less hardness than those of the order Hyalinea.

here is, however, a very gradual transition in hardness from one
to the other. 'The latter includes the species that are generally
ranked as gems, with which the diamond is naturally associated.

The oxyds of the metals and the silicates, having a metallic

lustre, compose the order Scaptinea. 'The species are dark colored,
and give off no odor under the blowpipe.
_ The native metals are included in the order Metallinea. They
invariably present a light color, (unless tarnished.) Several of them
are ductile and malleable. The brittle species are wholly volatile
under the blowpipe.

The orders Pyritinea, Galinea, and Adelinea, include the sul-
gh'urets, selenids, and tellurids, of thc metals, which in general are

rittle, and give off an odor under the blowpipe. The species of
the order Pyritinca have a metallic lustre and light color ; those
of the order Galinea a metallic lustre and dark color ; those of the
order Adelinea a submetallic or unmetallic lustre. The metallic
constitution of the species in the last order is disguised by the min-
: erghzmg ingredient, and from this fact is derived the name of the
order.

The remaining orders require no explanations.

With regard to the distinctions or limits of genera, difficulties
must be allowed so exist, far greater than in the organic kingdoms.
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Yet it must be observed, that there are certain relations or affinities
which may be employed, although we are destitute of the im-
portant characters arising from organization. These relations have
been very happily distinguished and employed by Mohs. The
striking beauties of the system will forcibly impress the minds of
those who may pay it the attention it deserves. The distinctive
characteristics expressed may not exhibit fully the peculiarities
which separate two genera, but a slight examination of a few of
the species will, in general, be sufficient to convey a distinct im-
pression of the generic peculiarities. For example; it requires
but a passing glance to observe that the genus, including the closely
allied species, feld?;ar, albite, Labradorite, &c., is very evidently
distinct from the following oue, including pyrozene, hornblende,
epidote, &c. The broad tabular crystallizations of the former are
quite unlike the slender forms of the latter. Yet occasionally horn-
blende may assume a short, flattened appearance, and feldspar may
lengthen itself into slender prismatic crystals. Thus, by the great
variations to which the mineral species are subject, we are prevent-
ed from making sufficiently specific statements of generic charac-
ters for a clear distinction between genera. This is, however, of
little importance, as the classification, from its natural character, is
necessarily not adapted to the determination of the names of agﬁ-
cies, but it is rather fitted to exhibit a correct transcript of the -
ities of the species, and thus to assist in imparting a particular ac-
quaintance with their mutual relations, their resemblances, and pe-
culiar characteristics, and also a general and systematic compre-
hension of the science.

For the purpose of mineralogical analysis, it is presumed that
the artificial classifications, given in the following sections, will
be found convenient and fully sufficient.

A cabinet arranged according to this system, presents a remark-
able chain of affinities, running through and uniting the whole.
The gases and liquids are followed by the salts, so arranged as to
appear to increase in stability, hardness, and lustre, as the eye pro-
ceeds onward. Passing in review the gems, we arrive at the dia-
mond, where these characters reach their climax. On the descent, we:
gradually pass through the metallic oxyds without, and then those
with, a metallic lustre, to the native metals. From these light-co-
lored species, we proceed to the light-colored sulphurets, and insen-
sibly throngh the dark-colored sulphurets to those with a subme-
tallic lustre, and finally arrive at the sulphurets without a metallic
lustre, from which there is a natural transition to sulphur. This
combustible is immediately followed by the combustibles of the
class H a.

With a classification of this kind, therefore, the advantages which
have been referred to are perfectly attained. The species which
are closely related in their general a{;pea.ra.nce are brought in close

connection, and therefore their similarities are strongly impressed
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on the mind : consequently the student’s attention is necessarily di-
rected from an observation of the many resemblances to a particu-
lar examination of the several peculiarities.

CHAPTER II.

NOMENCLATURE.

113. A system of nomenclature is a method of naming a class
of objects, according to certain established or assumed principles.
Of such a system the science of mineralogy, as generally received,
is destitute. 'The names in use, except those by Mohs, are arbitrary,
and consequently possess no advantages, except merely as appella-
tions for the species. It has usually been sufficient to add the termi-
nation ife or lie, (originally from Nées, a stone,) to the name of some
person or locality, and rarely to some quality of the mineral, and
thus to denote the species. Occasionally German words have
been thus transformed, and introduced into our English treatises
on mineralogy ; and words of various languages have been forced
into unnatural union. At present, therefore, mineralogical nomen-
clature is devoid of all system, and is destitute of those advantages
that so peculiarly characterize the botanical and zoological no-
menclatures. Linneus and Werner attempted a renovation of min-
eralogical nomenclature, in conformity with the systems in the other
branches of science. But owing to the unadvanced state of the sci-
ence, thei:‘i)roposed nomenclatures, though adopted for a time, soon
proved inadequate. A system by Mohs, the distinguished author
of the natural classification which has been adopted, has been for
some time before the world. 'Translated from the German lan-
guage, in which it was published by its author, into our own less
pliant language, it loses many of its advantages, and is very much
wanting in conciseness and elegance of expression.

The only language fitted for a system of nomenclature, both as
regards conciseness and pliability, is the Latin language. In pro-
posing, therefore, a system of nomenclature, this language has been
employed. For the acquirement of scientific information, and a
systematic idea of the science, a nomenclature similar to that which
will be employed, is highly important. The shorter trivial names,
however, may frequently be convenient when the mineral is in
common use in the arts.*

114. Names of genera and species. A genus being a family,

* On account of the ver{ general use of the present nomenclature of this science,
the systematic names which will be proposed, will be merely appended, in the descrip-
tive part of this treatise, to the common name,
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including one or more tes, the name of the genus should be a
substfll::lg;e, and that of tEe species an adjective, oge sometimes a sub-
stantive, prefixed to, and qualifying, the generic name. 'The spe-
cific name should express some quality or important fact relative to
the species, so that the combineg name shall bring before the mind
some idea of the species represented. For example; if we would
name a family, composed of species having a foliated structure, we
first select a substantive, conveying some general idea respecting the
species, as the word Phyllinius, in this instance, derived from guAio,
a leaf. In naming the species hypersthene, which belongs to this
genus, an obvious quality is its sugmetallic lustre ; this affords the
combined name Phkyllinius metallinus. In a similar manner, the
systematic denomination of other species may be formed. The
emical, physical,or crystallogmphic characters, may, each of
them, afford the names of species. Only those physical qualities
should be selected which are constantly presented by the species
in all, or, at least, the greater part of its varieties. 'The primary
form of the species has %reen designated in the specific name by the
following terms :

Cubicus, primary form, the cube.
Octahedrus, ‘“ ¢ the regular octahedron.
Pyramidalis, ¢ “ octahedron not regular.
Dodecahedras, * “  the dodecahedroun.
A

us, rig| r prism.
Rhombicus, “ “ a right rhombic prism.
Rbomboideus, * i, a ri%)ht rhomboidal prism.
Obliguus, “ “  an oblique prism, (restricted to the oblique rhombic.)
Triclinatus, « “ the oblique rhomboidal prism.
Rhombohedrus, " rhombohedron.
Hexagonus, “ “« hexagonal prism.

The terms monometricus, dimetricus, &c., expressing the crys-
tallographic class of the primary, may also be employed. The term
monoclinatus, when used, refers to the oblique rhombic prism ;
the other prism in this class, the right rhomboidal, will be speci-
fied as stated above. The term prismaticus may be applied to any

rismatic crystal; it has been restricted, however, to the forms in
lI:Ilohs;’s Prismatic system of crystallization, the Trimetric class in
the system adopted.

The several varieties of cleavage may be expressed as follows :

Peritomus, (xept, about, and riuve, o cleave.) Cleavage rarallel to the lateral faces.
Acrotomuys, éllpov, summil, and régvw.) Cleavage parallel to the basal plane.
Diatomous, (dta, tArough, and réuvw.) Cleavage parallel to a diagonal plane.
Eutomus, (e, easily, and répvw.) Cleavage easily effected.

Dystomus, (3vs, dificultly, and réuve.) Cleavage obtained with difficuity.

The remaining terms which will be employed, and their expla-
nations, will be given in connection with the g'lll exposition of the
classification, preceding the descriptive part of this treatise.

In the selection of generic terms, significant names are to be pre-
ferred, and, if possible, they should express the family peculiarity
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which requires the union of the species in the genus, or some
quality which they have in common. Occasionally this may be
difficult or impossible, in which case a name may be assumed,
which, by its frequent use as the denomination of a mineral, or
other object, will carry with it a general impression of the charac-
ter of the genus.

Words derived from names of persons distinguished for their
mineralogical attainments, or their patronage of the science, may
be properly employed to designate species. But the use of other
names, though of persons eminent in the other sciences, is wholly
at variance with good usnge and propriety. Moreover, an attempted
flattery of the politically distinguished is degrading to science, and
cannot be too strongly discountenanced.*

‘We have considered the masculine gender, in general, that which
has been authorized, with a few exceptions, by the Latins and
Greeks, and consequently have generally employed it, excepting in
the first class containing the soluble species, and in the order Metal-
linea, whose ancient names are principally of the neuter gender.
A uniformity of termination has been adopted in the generic names
in some of the orders, viz., the orders Halinea, Barytinea, Pyritinea,
and Galinea, in order to exhibit, as far as possible, the more gene-
ral relations of the species.

* For more particular rules, on the formation of systematic names, and the correct
method of writing them, we would refer to LINNE1 Philosophia Botanica; ed. tertia
aucla et emendata curd C. L. Willdenow, 8vo. Berolini, 1790 : also Elementa Pii-
losophie Botanice, auctore Henr. Frip. Link, 8vo. Berolini, 1824; and DecanpoLLE
and SprENGEL’s Philosophy of Plants, 8vo. Edinburgh, 1821.



PART V.

DETERMINATIVE MINERALOGY.

CLASSIFICATION 1., DEPENDING ON CRYSTALLIZATION.

115. SoME general remarks have already been made on the s
tems of artificial classification, which we propose to adopt, in order
to facilitate the determination of the names of the species. In the
artificial classification, dependent on the crystallization of the spe-
cies, the classes are subd}i):ided, according to the lustre of the spe-
cies, into sections, unmetallic and metallic. A few species of
doubtful lustre are thrown into each section to avoid the diffi-
culties that might arise from a difference of judgment on this point.
A tabular arrangement has been adopted, as one best suited for ref-
erence. The order in which the characters are employed, is that
depending on their relative importance, as given in § 107. The
species are first arranged in the order of their hardness. No char-
acter is determined with more facility, or is more generally available;
for unlike the character of specific gravity, it matters not whether
the specimen be imbedded or not, in large or small masses, the hard-
ness Is arrived at with equal facility, in every variety of form of
which the undecomposed species may occur.

The characters oFo the following columns are stated at the head
of each. The number of characters employed in this classifica-
tion is less than in the following system, independent of crystalli-
zation, since a less number of characters is requisite when the min-
eral is in perfect crystals. In the second artificial classification every
character has been introduced, which could afford the least assist-
ance in attaining the end for which it was constructed. For the
convenience of reference to the full descriptions of the species, the
number of the section in which the description may be found, fol-
lows the name of the species.*

¢ An explanation of the abbreviations employed in the following pages, and of
the manner of using the arrangement for mineralogical analysis, will be given at
the close of the two artificial classifications.
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CLASS MONOMETRICA.

SECTION I. LUSTRE UNMETALLIC.
Names of Species. Hardness. |Sp. Grevity. Cleavage.

Horn Silver, 273. Prim.|1—1'5 55—56 |None; cube.
»=Arsenous Acid, 133. 15 3-6—37
*Sal Ammoniac, 149. Volc. ¢-.|1'5—23 1-528 Octahedral.
Common Salt, 142. 2 2257 Cubic.
Native Alum, 135. 2—25 1'7—18  (Oct.
Cube Ore, 217. 2—3 2257 Imp. cub.
Blende, 530. 35—4 (442  |Dodec. perf.
Red Copﬁ)er Ore, 418. s 56—6'1 |Oct. imp.
*Bismuth Blende, 206.  Prim.[3-5—4'5 [59—6'1 |Dodec.
Fluor Spar, 168. 4 3—33 Oct. perf.
*Pyrochlore, 419. Prim.5 42—43 |[None.
Analcime, 320. Amyg. Volc.|5—5'5 2—23 Imp.
Chromic fron, 447, ~ Serpentine.|55 43—45 |Oct. imp.
Sodalite, 321. Vole. §-¢.|55—6 225—24 |Dodec. 1mp.
Leucite, 322. Volc.| * 245—25 |Cub. ind.
Helvin, 404. Prim.|6—6'5 31—3'3 |Oct. in traces.
Garnet, 408. Prim. Volc.|6:5—75 |35—4'3 |Dodec. imp.
sBoracite, 402. Gypsum. |7 2974 Oct. ind.
Automolite, 385. Prim.|75—8 42—4'4  |Oct. perf.
Dysluite, Prim.| “ 3:5—36 |Oct. imp.
Spinel, 384. Prim.8 35—3-6 |Oct. ind.
Diamond, 389. 10 Oct. perf.

S8ECTION I1I. LUSTRE METALLIC.
*Vitreous Silver, 505. Prim.|2—25 715—74 |Dodec. imp.
Native Bismuth, 469. Prim.| * 97—9:8  |Oct. perf'!
sNative Amalgam 467. Oresmerc.|2—35 105—14 |Dodec. imp.
Variegated Copper Ore, 493. 2:5—3 5—51 Oct. imp.
Galena, 518. « 75—77 |Cub. em.
Native Copper, 471. “ . |84—88 |None.
Native Silver, 465. i 10-3—10'5 {None.
Native Gold, 463. " 12—20 None.
Gray Copger Ore, 497. 75—4 (4752 |Ind.
*Manganblende, 529. 35—4 3'9—41 |Cub. perf.
Blende, 530. “ 4—42 Dodec. perf.
*Tennantite, 499. “ 43—4'5 |Dodec. imp.
»Tin Pyrites, 496. Prim.[4 4:3—4-4
Platinum, 459. 4—4'5 16—19 Cubic, ind.
Iron, 458. 45 73—70 |Oct.
sNickel Stibine, 477. 55 64—6'5 [Cub. imp.
Chromic Iron, 447. Serpentine.|5—5'5 43—4'5 (Oct. imp.
Nickel Glance, 481. o 6:05—62 |Cub. em.
Cobaltine, 485. Prim.| 61—6'3  (Cub. perf.
*Cobalt Pyrites, 487. im.| ¢ 6-3—6'4  [Cub. imp.
Smaltine, 484. o 6'4—65 |Oct. imp.
Franklinite, 454. Prim.56—65 [48—51 |Oct. imp.
Magnetic Iron Ore, 453, «“ 6—51 Oct. imp.
Iron Pyrites, 491. 6—6'5 4851 |Cub. imp.




CLASS MONOMETRICA.

SECTION I. LUSTRE UNMETALLIC.
Lustre. Color, Diaphansity, &c.
Res . . ad. C. gy ; bh, gnh, bnh: St. sh: Trl—sbtrl: Malleable and sectile.
Vit—S8ilky. C.w; ywh, rdh: St. w: Trp—op: T. astringent, sweetish : Sectile.
Vit. C. w; ywh, fyh Trl—op: T. pungent and saline.
Vit. T. purely sali
Vit. C. w: Trl: T. sweetish astringent and acid ; like common alum.
Subad. C.in ywh, bkh; bn: 8t. pale olive gn——bn Trl—op.
Ad.—res. C. bn, bk, yw, rd, gu St. w—rdh-bn : Trp—op.
Ad. C. cochmeal and carmine rd: 8t. bnh-rd Sbtrp—sbtrl
Res. C. bn, yw g{‘ straw-yw: St. yw : Sbt
Vit. C. various: Trp—sbtrl, Ph hoxucent when heated.
Res., vit. C. dark rdh-bn St. palebn : Sbtrl—op. Octahedral.
Vit. C.w; gyh; flesh-red: St. w: Trg—op Cubic and trapezohedral.
Submet. C. between iron-bk and bnh-bk Op.
Vit. C. b, hn, gn, gy, w: St. w,orbh: Trl—op.
Vit. C. w, gyh-w: St. w: Trl—op. Trapezol edral.
Vit. res. C. wax-yw, vwh-bn, gn : St w. Tetrnhednl
Vit. res. C. rd, bn, bk, w, yw gn: St.w, emlx—-o
Vit. . ad. C.w; gyh, ywh, 'h 8t w. ublc,h
Vit . . res. C. dirty gn; bk: Sbtrl—op.
Vit . . res. C. ywh-bn, gyh-bn St. paler: Sbtrl—op
Vit. C. rd, b, gn, yw, bn, bk : 8t. w: Trp—op. Octahedral,
Ad. C. various,
S8ECTION II. LUBTRE METALLIC.

Met. C. and St. bkh-lea.d-gy St. sh.
Met. C. and 8t. silver-w, rdh ; subject to tarnish: Sectile.
Met. C. and 8t. silver-w.
Met, C. bnh and rdh-yw ; tarnish bh, rdh: e gyh-bk ; sh.
Met. C. and St. lead-gy ; tarnish gyh -ble. er sectile. Fn.nglble
Met. C. and St. rdh : Ductile and malleable.
Met. C. w; tarnish gyh-bk : Ductile.
Met. C. gold w: Very ductile and malleable.
Met. C. and St. steel-gy, iron-bk : St. sometimes bnh. Tetrahedral,
Submet. C. iron-bk ; bn on exposare : St. gn: Rather sectile.
Submet, ad, res..C. bn, yw, bk rd, gn: St. w—rdh-bn: Trp—sbtrl.
Met., . C. blch- lead-gy St rdh-g'y Brittle.
Met. C. steel-gy; ywh: St. bk: Brittle.
Met. C. and steel-gy Ductile.
Met. C.and St. iron- : 8t shining: Ductile: Acts on the magnetic needle.
Met. C. steel-gy . .silver w.
Submet C. between 1ron-bk and bnh-bk: St. bn. Octahedral.
Met. C. silver w—steel-gy.
Met. C. silver-w. . rdh: St. gyh-bk. Hemihedral, cubic.
Met. C. pale steel-gy tarmsh rdh : Brittle. Cubic.
Met. C. tin-w . steel- : 8t. gyh-bk. Faces of cube often curved.
Met. C. iron-bk : 8t. rdh-bn.
Met. C. iron-bk : St. bk.
Met. C. yw,u.rnishgyh-bk St. bnh-bk. Hemihedral.




CLASS DIMETRICA.

SECTION I. LUSTRE UNMETALLIC.

Names of Species. Hardness. |Sp. Gravity. Cleavags.

*Horn Quicksilver, 274. 1—2. 6'4—6'5. |Imp.
»Uranite, 272. 2—25. 3-12. P em.
Mellite, 539. Coal.[2—275. |I'6—17. |P dif.
Corneous Lead,233.  Lead ore.|275—3. 6—6°1. M.
Molybdate of Lead, 242. Lead ores| “ 6:5—69. |Oct. perf.
Tungstate of Lead 244. Lead ores| ¢ 79—81. |P.
*Edingtonite, 306. Amyg.|4—4'5. 27—28. |M perf.
Tungstate of Lime, 202. Prim.| *“ 6—61. Oct. dist. A : A=100° 8’
*Xenotime, 201. 42—5. [45—46. |M perf.
A phylhte, 316. Vole. ¢-c.[4-5—5. 22—24. |Pem.

umboldtilite, 557. Vole.|5. 31—3-2.
Hausmanmle 437. 6—55. 4'7—48. |P perf.
Scapolite, 351. Prim.|5—6. 26—38. |Mdist. P trace.
*(Erstedite, 430. Prim.|55. 36—37. |a:a=123°16". .
'Gehlemte, 353. Prim. limestone.(55—86. 2:9—3'1. |[Ind.
*Anatase, 416. Prim.| “ 38—39. |[A&P perf.A: A=97°56".
‘Fergusomle, 432. Prim.|55—6. 58—59. |Ind.
*Qismondine, 354. Vole.| * 2:1—22. (M im
Idocrase, 407. Yolc. and prim.|6—6'5. 3-3—3°6. M ine
Rutile, 414. Prim.| * 4-1—4-3.
*Braunite, 438. “ 4-8—5. Oct dist.
*Mellilite, 355. Volc.{6—7. 3—3-3.
Tin Ore, 420. Prim.|6—17. 6:6—71. (Ind.
Zircon, 409. Volc. prim. ¢-c.|T5. 4'5—48. |Imp.

SECTION II. LUSTRE METALLIC.

*Foliated Tellunum, 521. 1—15. —72. Kerf
Copper Pyrites, 494 3-5—4. 41—42. ln
Hausmannite, 437. 5—55. 47—48.

*Braunite, 438. 6—6°5. 4-8—4°9. Oct dxst.

CLASS TRIMETRICA.

S8ECTION I. LUSTRE UNMETALLIC.

Names of Species. Hardness. | Sp. Grav. Form, M: M. . | Cleavags.
Talc, 295. Prim. amyg.[1—1'5. (27—2'8.|Rbe. 120° nearly.'P em!
Copper Froth, 266. Copper| *“ 3—31. |Rbe. P em

ores.
*Orpiment, 537, 1'5—2. |3:4—3:6.|Rbc. 100°40".  |& perf!

Salpbur, 538. 1:5—25.'12—21. [Rbe. Oct. Ind.



CLASS DIMETRICA.

P'rly ; met.-ply;
res.
Res.

SECTION I. LUSTRE UNMETALLIC.
~_Lustre. S Color A M
Ad. C. ywh-gy, ash-gy: St. w: Trl—sbtrl le.
Pprly, Mad. |C. ﬁn g‘y paler gn rl.
Res. . vit. C. oney Kw 1h, hnh tow: Trp—lrl Sectile.
Ad. C.w h, gnh 'St w: T
Res. C. wax-yw, orange-yw, gyh-w, oliv e-gn St. w : Sbtrp—sbtrl.
Res. C.gn m; r: 8t. w.
Vit C. gyhom: T L Briul
it..ad. C. w, ywh-gy, y, rdh-bn: St. w: Shtrp—sbirl. Brittle.
Res. C. ywh-bn: St pale-bn:
Pf’rly, Myvit. |C.w; gyh, rdh, bh: St.w: Trp—op
Vit. C. Kwh-gy Sbt
Submet. C. Kn bk : St. dark rdh- or chesnut-bn : Oa‘
Vit . . p'rly. C. w, gy, b, rdh; colors hght St. gyh-w:
Splendem C. bn.
- Res. . vit. C. ywh; not bright: 8t. w, gyh-w
Met. ad. C.gz Indigo-b: St. w: Sbt
Submet . . res. |C. dark bnﬁ-bk St. pale-bn: Trl. and e in thin scales: Sbirl—op.
Ad. C. E:le smalt-b, milk-w ; gy, rose-rd rl.
Vit .. res C. T' yw, colorless oﬂ.en bnght 8t. w, gyh-w : Trp—sbtrl.
Met-ad. C. rdh-bn le-bn : Trl—op.
Sub-met. C. dark boh- bk smnlar: Op.
Ad o oo bk S bn. Sbirp—o
. C. > wl KY 1 YW ) l‘ gy e- P-
Ad b L A ! epabic
SECTION II. LUSTRE METALLIC.
Met. St. and C. bkh—lead-gy Flexible in thin lam. Sectile.
Met. C. brass- St. gnh-bk; a little shining: Op: Brittle.
Submet. C. bnh-bk: 8t. rd chmnt—bn Op.
Submet. C. dark bnh-bk : St. similar : ‘Op.
CLASS TRIMETRICA.
SECTION I. LUSTRE UNMETALLIC.
Lustre. Color, Diephancity, &c.
Pearly. C. Tight gn—w: St. w: Sbt rl Feel soapy: Lam. flex. inelastic.
P'sly, M vit.  |C. apple-gn . .sky-b: St : Lam. flex.

C. lemon-yw: 8t. yw: Sbtrp—sbtrl: Lam. flex., inelastic.

C. yellow: Trp—sbtrl: Sectile. Burns with a blue flame,
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DETERMINATIVE MINERALOGY.

Names of Species. IH-rdn ess.
*Haidingerite, 175. Prim./1-5—25.
Nitre, 153 2.

om Salt, 145. 2—25.

hite Vitriol, 158. “
»Thenardite, 144. o
*Liroconite, 260. Cop. ores.| *
*Cryolite, 165. Prim.| ¢«
s*Hopeite, 210. 2:5—3.
Picrosmine, 291. Prim.| «
*White Antimony, 203. “

Antimony ores.
*Melanochroite, 246. Lead|
ores.

Anglesite, 238. Lead ores.| *
*Caledonite, 248.Lzad ores.|
sCerasite, 235. Lead ores.|
léosellte 178. 3.

eavy Spar, 193. 25—3'5
Celestine!:\alm. 27535
Olivenite, 263. 3.
Anbhydrite, 177. 3—35
*Atacamite, 264. Volc.dc.| “
‘White Lead, 232. “
‘Witherite, 191. 3—3-75.
*Mesolite, 314. Amyg.|3:5—4.
Strontianite, 188. “
*Wavellite, 173. prim.'3-25—4.
Stilbite, 304. w}. and 354,
Arragonite, 181. “
*Scorodite, 219. “
*Brochantite,267.Cop. ores.|
Libethenite, 262. 4.
’lffistilbite,ﬁilQ.Amyg. volc.|4—4'5.
*Harmotome,318.Amyg.4-c| *
#Phillipsite,319. Amyg.volc.|4'5.
*Electric Calamine, 208. |4-5—5.
Thomsonite, 305. Amyg.|4'75.
Euchroite, 258. Prim.| “
Naltrolite, 307. Volc. amyg. 4:5—5°5.
*Childrenite, 172. o«
»Herderite, 171. Prim.\5.
*Triphyline,221. Prim.| «
Mesotype, 308. Amyg. volc. 5—55.
*Comptonite, 315. Volc.amy, “
Brown Iron Ore, 451. «
Vgolfram, 43?)3 Prim.|
*Scolecite,309. Volc. amyg.|5—6.
Lazulite, 337, i “
*El=olite, 343. Prim.|55—6.
*Brookite, 417. “
Yenite, 450. Prim.| «
Spodumene, 360.  Prim.|6:5—7.
Polymignite, 431. Prim.| *
Prehnite, 332. Amyg. prim./6—17.
sHumite, 406. Valt.{6'5—7.
*Chrysolite,392. Volc basalt, *
Iolite, 395. Prim.'7 —7'5.
Staurotide, 411. Prim.|
Andalusite, 373. Prim.|75.
*Ostranite, 412. —8.

“sterite, 391. Vesuv. 75—8.

r, 390. Prim.i8.

dberyl, 383. Prim.|85.

h

T 00 09 03 0O D 1D 1D O D = O

Sp. Grao. Form, M: M. Cleavage.
25—29, | Rbe. 100°. P perf!
1:9—2. |Rbe. 1200.
17—1-8. |Rbc. 990 38, & perf.
2—2:1. |Rbe. 90° 42, ¢ perf.
2:7—2'8. |Rbe. 1250. P perf; M.
2:85—3. |Rect. Oct. Imp.
2:9—3. |Rect. P perf; i and &
24—2:8. |Rbe. 1010 24*, ¢ perf.
2:55—2-7|Rect. iMperf ; M
5'5—5'6. |Rbe. 136° 58", . em.
57—58
6:2—6-3. [Rbc. 103° 49°.  |Imp.
6'4. Rbe. 950. & dist. M ind.
7—71. |Rbc. 1020 27’. |M perf.

Rbe. 1320 48°.  [¢ perf.

. |4:6—4'8. |Rbc. 1010 42, and P.
3:6—4. |Rbc. 103°58’. M perf. P.
4'1—43. |Rbc. 110°50’. |Imp.

2:89. Rect. wmand ¥ perf. P dist.
441 |Rbe. 1000, P perf.
1—6'5. |Rbe. 1170 13’.  |Mand ¢ perf.
2—4-4. |Rbc. 118° 30". |Imp. tion.
3—34. Perf. in one direc-|
6—3'8. |Rbe. 1170 3%. (M perf.
-2—2:4. |Rbe. 1220 15, (M and ¢ perf.
'1—2-2. |Rect. e: e=93°, |M perf. M imp.
-6—3. |Rbc. 116° 10, M.
-1—3-3. |Rbe. 1190 2/, M and & imp.
-7—3-8. [Rbe. 117°, Imp.
:6—38. |Rbe. 950 2. Imp.
-2—2:3. [Rbe. 1350 10°.  |é perf.
-4—25. | Rect. Imp.
2—22. |Rect.
3335, |Rbe. 103053 |M perf.
2:25—2-4 Rect.e: =900 40’|y, m perf!
2:3—3:4. :Rbe. 1170 207, M dist.
2:1—23. [Rbe. 91°10°. M perf.
42—4-3. |Rbc. e: e=97° 50’|Imp.
2:9—3-1. [Rbe. 115°53’.  (Imp.
3-6. Rbe. 1320, PMperf.
2:2—2-3. |Rbe. 91028, rf.
2:3—24. |Rect. adll);. w ind.
3:9—41. |Rbe. 130° 40’.  |¢ rather dist.
71—T74. [Rect.e’:¢’=10195'|M perf.
22—23. |Rbe. 910 257,
3--3-1. |Rbe. 91° 3¢, Ind.
2:5—27. |Rbe. 1120, M and P.
Rbe. 100°. é.
3:8—41. |Rbe. 1120 37, é.
31—3-2. |Rbe. 939 nearly. |M.
47—49. Rect. Ind.
2:8—3. |Rbc. 990 3¢, P. dist.
Rbe. 1200, é.
3-:3—3'5. {Rect. . M and é dist.
2:55—27'Rbe. 1200, Ind.
3:6—3-8. |Rbe. 1292 31, |¢ ind.
31—3:35{Rbc. 910 33, M dist.
43—44. |Rbe. 960. ¢ ind.
Rbe. 128° 54’.  |P perf!
3-4—3'6. |Rbc. 124°19”. (P perf!
35—38. |Rect. w dist.
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Luatre. Color, Diapkaneity, &c. —

Vit. C.w: St. w: Trp—trl: Lam. flex.

Vit. C. w: Taste saline and cooling. Deflagrates on burning coals.
Vit. C. w: T. saline and bitter.

Vit. C. w: Trp—irl: T. astringent, metallic, very nauseous.

Vit. C.w: Trp: T.saline and bitter ; wholly soluble : Effiorescent.
Vit . . res. C. and St. light b—gn : Sblrp—(rl

Vit.. prly. |C. w; rdh, bnh: St. w: Sbirp—trl: Fusible in flame of a candle.
Vit; ¢é subp'rly. .C. gyh-w 'St.w: T rl.

M. prly, vit. |C. gnh-w, dark gn: St. w: Sbtrl—op.

Ad. and p'rly. |C. w; peach-blossom-red, ash-gy : St. w: Trp—irl.

Res. glim. C. btwn cochineal and hyacinth-r ; lemon-yw on exposure : 8t. brick-
Ad " gy, ywhzah, bh, ash-gy St w: Trp—btrl,

; Vvit; res. w, gyh, ywh, gnh, b asgy w: T

Res. dee verdxgns or bh-gn St. gnh-w: Trl.

P-rly. ywh-w, rdh-w: St. w: Feebly trl—op.

Vit. deep tose-r: St. w: T1l.

Vit..p'rly &res. h: St. w: Trp—trl.

Vit.. prly&resl -blue: St. w: Trp—trl.

Ad..vit&p'rly. gn, bn St. ohve-gn—bn Sbtrp—op

P’rly and vit. w: St. gyh-w: Trp—t

Ad. vit. some shade of gn: St le-gn : Sbt. btrl.

Ad. m w, gyh, bnh: St. w, gyKa Trp—trl: Brittle.

Vit . w, ywh-gy St w: Sbu:P—-( rl.

leky or p’rly fyh-w , ywh-w: 8t. w: Trl: Lam. slightly elastic.

ight-gn, w: Trp—trl.

P'rly .vit &res./C. w, gn, b, yw, bn: 8t. w, gyh-w: Trl

Prly and vit. w; ywh, r, bnh: St. w: rp—trl.
’ Vit--res. w; gyh, ywh: St. h-w Trp—trl.

Vit, subad, res. leek-gn, liver-bn : St. w: Sbtrp—sbtrl.

R.ef. M
€ p'rly, M vit,
V(n’t. Y

Vit,

Vit, p'rl

Vit . P rly
Vit.

Vit.

Vit . . res.
Vit. . . subres.

Vit.
Vit.
Ad .. submet.
Svubmet; .
it..p'rly.
Vit. Py
Res. or oily.
Met-ad.
Sabmet.
P’rly.
Submet, splend.
xn Pp rly.

Vit
Vit.
Vit, subres.
Vit.
-
it, splen
Vit.
Vit.

emerald-gn, bkh-gn: Trp
dark olive-gn : St. olive-gn: Sbtrl.
and St. w:hT sbtrl. S 1. Crystalsofte ife
w; gyh, yw ,bnh:St. w: bu'p——u‘ I, often cruciform.
w; rdh: St. w: Trl—op.
w; b, gn, y,bn: St. w: Trp—trl.
w; bnh, rdh: St. w: Trp—trl.
emeraldgn St e-gn T'?)—trl
w; ywh, rdh, gy rp—trl.
y, pale ywh-| bn ywh-w . w: Trl
ywh-w, gnh-w 8t. w: Trl.
gnh-gy; bh: St. gyh-w: Trl—sbtrl.
w; gyh, rdh : St. w—gyh-w: Trp—trl.
w; ywh, gyh, rdh: St iy Trg——trl [transmitted light.
ywh-bn, bi’l'x-bn St. bn : l'(ll'g—op Trp cryst. blood-r. by
dxrk h-bk, boh-bk : St dark
and St. w: 'i‘rp—tr
b: St w: Sbtrp—op.
dark-gn; bh, gyh, bnh brick-red: St. w.
hair-bn, orange-yw: St. ywh-w: Trl—o%
dark gyh -bk, nearly iron-bk: St. gnh, or bnh-bk: Op.
g{h-gn gnh-w, gyh-w: St. w: Trl—op.
dark-bn: Opaque

lightgn—w: St. w: Sbtrp—trl: Often aggregated in glob. thn
ywh-w, rdh-bn: Trp—trl: Brittle: Cryst. small; from Vesu
. gn, li ht-bn: St. w: Trp—trl.
. light-b ; bkh, ywh, gyh: St. w: Trp—trl.
C. rdh-bn, bn, bk : St. w: Trl—op; usually ‘the latter.
C. flesh-r, peurl—gy St. w: Sbtrl—op Tough.
C. clove-bn; very bnttle
golorless 8t w: & - "

pale A w: Bt w: rp—sbtr]

E gyh: 8t. w: Trp—trl.

0OQOQPQPQQOQ999999999999999OOOQQOOQOQOOOQOPO




112 DETERMINATIVE MINERALOGY.

SECTION II. LUSTRE METALLIC.

Names of Species. | Herdness.|Sp. Grav. Form, M : M. Cleavags.
~Sternbergite, 522. Stlver|1—15, |4-1—43. |Rbc. 119° 307. |Pem!
ores.
*Graphic Tellurium,aﬁolg. 15—2. |57—58.|Rbc. 1070 44’. |M perf! P perf.
0La.
« Auro-Tellarite, 464. 10-:6-10"7|Rbe. 105° 3(».  |Ind.
*Gray Antimony, 512. 2. 4:5—4'7. |Rbe. 90° 45/, é perf! M ind.
ro{usite, 442. 2—25. |48—5. |Rbc. 930 40, , € €.
sAntimonial Sulphuret of; ¢ 5'56—56. M perf.
Silver, 510.
Sulphuret of Bismuth, 525. ¢ 6:5—66. |Rect. e:e=91°. |y perf. P.
*Brittle Silver Ore, 509. o« 62—6'3. |Rbc. 1150 39”.  |Imp.
sJamesonite, 515. “ 55—58. |Rbc. 1010 2. |P perf. M ind.
Vitreous Copper, 500. 25—3. |55—58.|Rbc. 1190 35’. |M ind.
sBournonite, 498. “ 57—5'8. | Rect. Imp.
sNewkirkite, 446. Redhe-3—35. [3:8—3-9. Rect.
matite.
+Zinkenite, 514. Antimony|3-5. 5-3—54.|Rbe. 120°39”. |None.
ores.
»Antimonial Silver, 474. |3-5—4. |9-4—9'8.|Rbec. 120°1 P dist. *
Manganite, 441. 4—45. |4'3—4-4. |Rbc. 990 40", é.
Brown Iron Ore, 451. 5—55. |3:9—4'1.|Rbc. 1300 40’.  |¢ rather dist.
‘Wolfram, 436. Prim.| 71—74. |Rect.e’: ¢=101°5’|M perf.
Leucopyrite, 482. “ T2—74.
Yenite, 450. 55—6. [3:8—4-1. Rbe. 1120 37.
Columbite, 434. Prim. 5—6. 59—8. |Rect. Ind.
Mispickel, 483. Prim. o 6:1—62. |Rbe. 1110 12.. (M.
‘White Iron Pyrites, 490. 16—6'5. [4:6—4'9. Rbe. 107° 36. |M.
sPolymignite, 431.  Prim.!6'5. 4-7—4'9. | Rect. Ind.

CLASS MONOCLINATA.

SECTION I. LUSTRE UNMETALLIC.

Names of Species. Hardness. |Sp. Grav. Form.t Qleavage.
sRed Antimony, 631. Andi-|I—1'5. 4-6—4'6. |Rbdl. 1010 19. | M perf.
mony ores.
*Cobalt Bloom, 231. 1'5—2. |29—3. [Rbdl. 1240 51’. |P perf!
Vivianite, 223. “ 2:6—27. [Rbdl. 125° 18’. (Pem!
*Realgar, 536. « 3-5—3-6. |Rbe. 74° 26, Imp.
Copperas, 154. 2. 1:-8—1'9. [Rbe. 820 20", P perf.
Gg'psum, 176. “ 2:3—2-35/Rbdl. 113°8’. |Pperf. M& T imp.
*Borax, 134. 2—25, |1'716. |Rbc. 93° 3¢. petf.
*Botryogen, 161. ‘“ 2:039. |Rbe. 1190 56. |M.
s*Pharmacolite, 174. « 2:6—2-8. [Rbdl. 96°46°. [Pem!
Common Mica, 298. « 2:8—3. |Rbe. 1200, Pem!
Johannite, 160. “ 3'1—3-2. |Rbe. 111017
‘gyrite, 532. « 52—54. |Rbe. 86° 4. M imp.
wylite, 237. Lead ores.| ¢ 6:8—7. |Rbc. 120° 45’.  |é perf.
ssite, 139, 2'5. 1'9—2. |Rbe. 68° 50-. hfeperf ; P dist.
lite,236.Lead ores.! ' 6:2—6'5. [Rbe. 59° 40-. P perf.

¢ angle given is M : M, when the primary is the oblique rhombic prism, and
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SECTION II. LUSTRE METALLIC.

Luatre. Color, Diaphaneity, &c.
Met. C. dark pinchbeck-bn: St. bk: Lam. flex. like tin-foil. Sectile.
Met. C. and 8t. steel-gy; very sectile.
Met. C. silver-w—brass-yw: St. similar: Rather brittle: Opaque.
Met. C. and St. lead-, steel-gy ; tarnishes: Sectile ; very fusible.
Met. C. iron-bk, bh: St. bk Opaque: Somewhat sectile.
Met. C. light sleel-gy . silver-w,
Met. C. and St. lead-gy: Opaque : Sectile: Fusible in ﬂa.me of candle.
Met. C. and St. iron-bk: Sectile
Met. C. and St. steel-gy: Sectile.
Met. C. and St. bkh-lead-gy ; tarnish b, gn: Very sectile.
Met. C. and St. steel-gy, bkh-gy. Brittle.
Met. C. brilliant bk : Somewhat sectile.
Met. C. and St. steel-gy.
Met. C. and 8. silver-w—tin-w. Not malleable.
Submet. C. dark steel-gy, iron-bk: St. rdh-bn, bk: Brittle.
Submet, ad. C. bkh-bn, ywh-bn : St. ywh-bn: Sbirp—op.
Submet. C. darkgy blt, bnh—bk St. dark rdh-bn : Brittle.
Met. C. silver-w, steel h-bk : Brittle.
Submet. C. nearly iron-bk, rkiy -bk: St. gnh-bk, bnh-bk : Op.
Submet. C. gyh nh, bh- bk St n, rdh- bn bnh-bk: Brittle.
Met. C. sllver-w, steel-gy Sl dark- : Brittle.
Met. C. le bronze-yw, h, gn gnh-bk, bnh-bk : Brittle.
Submet. C. bk : St. dark-bn. cuu'e conchoxdal brilliant.
CLASS MONOCLINATA.
SECTION I. LUSTRE UNMETALLIC.
Lustrs. | Color, Diaphancity. &c.
Ad. iC. cherry-r: 8t. bnh-r: Trl—sb{rl Sectile.
P'rly & ad—vit. C. r; gyh: St. paler: Trp—sbtrl. Lam. flex. in one direction.
P’rly—submet. |C. b, gn; indigo-b: St. b, bn: Trp—trl. Lam. flex.
Res. C. bnght-r St. orang -yw—aurora-r: Sectile.
Vit. C.gn; wh: 8t w: Sbtrp—trl: T. sweetish-a#tringent and metallic.
P’rly andvit. |C.w; gyh, ywh: St. w: Trp—trl: Tasteless: Very sectile. [ble.
C. w; gyh guh; ywh. on exposure : St. w: T. sweetish-alkaline, fee-
Vit. C. deep hyacmth-r ochre-{'w St. ochre-yw: T. slightly astringent.
P'rly and vit.  |C. w, gyh, rdh: St. w: Tr
P'rly, vit,ad. |C. various: St. w—gy: Lun lough higx!‘nly elastic.
Vit C. emerald-gn, apple-gn : 8t. ywh-gn: Trp—op. T. *hghtly bitter.
Submet-ad. C. iron-bk: 8t. dark c erry-r Sbtrl—op
P'rlyand res.  |C. gnh-w, ywh, gyh: St.w: T
Vit C.w rﬂ Very bmlle Partially soluble
Res;..ad. C.w ,yw gnh, gyh: St. w: Trp—trl.

M: T, when it is the right rhomboidal pll'i;m.
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Namss of Sp Hardness. \Sp. Grav. Form, M : M. Clesvage.
®Trona, 141. 25—3. [2110. |Rbdl. 103° 16’, |M perf.
®Glauberite, 162. “ 27—2:9. | Rbe. 830 20’. P perf.
‘Aphanesne, 253. « 4-1—4-2. | Rbe. 560. P em.
Cupreous Anglesite, 949 “ 5:3—5'6. |Rbdl. 95° 46’. (M and T perf!
s+Vauquelinite, 247. Lead o 55—58. | Rbe.

ores.
*Chromate of Lead, 245. i 6—6°1. [Rbe. 93° 40’ M dist.
¢®Heulandite, 303. Anyg .,|3:5—4, [215—23|Rbdl. 130° 30’. [P perf!
Laumonite,317Prim. ,uwg o 3. Rbe. 86° 165/ & dist.
GreenMalachite,%ti Cop-| % 4—4'1. |Rbec. 1030 42’ P perf!
r ores.
Blue Malachite, n&‘ 3:56—4'25(3:8—3-9. | Rbe. 98° 50 M.
®Huraulite, 216. Gran.|about 4. |2:2—2-3.|Rbe. 1170 30, None.
Baryto-calcite, 190. 4. 3:6~3'7. [Rbc. 1060 54°. |M perf.
*Bronzite, 300. 4—b5. 3:3—3'3. | Rbe. 94°. Pem.
*Turnerite, 372. Prim.|4-5—b5. Rbe. 96° 1¢/. € and ¢&.
Pseudo-malach(i:w, 261.  [4-21—4'3/4'9—4-3. |Rbc. 143° 30", |Ind.
r ores. -
*Brewsterite, 313. Amyg.,5—55. (21—25. Rbdl. 93° 40". |P perf.
prim
Datholite,326. Amyg. ,pmu « 2:95—3. [Rbe. 770 30. Ind.
’ngnente 170. i« 2. |Rbe. 95° 2.
Amhophylhtc 365. Prim.| 3:1—3-2.|Rbe, 194° 30", |é peﬂ' ; Mand é.
Sphene, 415. Prim.| « 3-4—35. [Rbe. # : n==136°8/|In
olfram 436. Prim.|5. 7-165. [Rbe. 980 12/ Je
Homblende, 364. Prim., 5—6. 3-9—3-3. |[Rbe. 1240 307, perf ¢, &some-
vole. g-c. times perf.
Pyroxene, 361. Prim.,| “ 3:3—3'4. |Rbe. 870 & M dist.
® Arfwedsonite 367 Pr?n: “ 3-4—3-5. |Rbe. 1230 58°. (M perf.
® Eschynite, 429. Prim.| “  [51—56. |Rbc. 1370,
¢ Acmite, 370. Prim.|56—6. |3:2—3:4.|Rbc. 86° 56 M ind.
Feldspn.r 345. 6. 2:3—26. |Rbc. 120°. P : T P?erf, Elessso; T
=670 15. nd.
® Amblygonite, 371. Granite| *¢ 3—3:1. |Rbe. 106° 10°, |M perf.
®Withamite, 369. 7Tvap.| * 3-1—3-3. [Rbdl. 116° 40’.
H raheue 302. Prim.| ¢ 3:3—3-4. |Rbe. 930 3¢r. M and ¢.
elepozite, '215. “ 3-3—3'6. | Rbe. (cleavage.) |P and M.
‘Bmcnte 405. Prim. 6—6'6. [24—32.(Rbc. 1120 193" |Ind.
idote, Prim. 6—17. 32—3'6.|Rbdl. 115° 24’, M perf.
guritz 393 Talcose rock.6—7.  |3-49. Rbe. 1400,
G;:ldumene, . Prim.66—7. (31—3'2.|Rbc. 930, ¢ perf.

linite, 427. Granite.| 4—4'3. |Rbec. 115017 Ind.

Euclase, 381. Prim.]75.  |39—3'1.|Rbdl 1300 50. |M and T perf.
SECTION II. LUSTRE METALLIC.

‘nl;Iexible Silvs%. Ore, 523.|v
*Miargyrite
‘Wolfram, 436.

Rbdl. 1950.

softl -
5. nl.’ri—bﬂi. Rbe. 860 4.
5—~55. |7'1—749.|Rbc. 980 19"

|

Spert
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Lustrs. Color, Diaphandity, &c.
Vit. C. w; ywh: 8t. w: Trp—trl: Taste shn.rfly alkaline.
Vit C. ywh-w, gyh-w: St. w: eebly saline and astring.
Ply. C. Jark-ga bt B, bb. ' 7
Ad, vit. C. azure-b: St. pale-b ri—sburl.
Ad C. dark-gn ; nearly bk: 8. siskin-gn, bah: Sbtrl—op.
Ad. C. bright r: St. orange- Trl: Sectile.
Pprly, Mvit. |C.w; r,g bnh: 8St. w: y;rp-—sbu
Sabp’rly, vit. [C.w; ywh, gyh: T rl. Soon opaque on exposure.
Ad..vit. C. gn' 8t pﬁ{r—gn rl—sbtrl.
Vit. C. azure-b: 8t. pale-b : Trp—ebtrl
Vit. C. rdh-yw: T
Vit C. w; gyh, rg gonh: St w: Trp—trl
Met—p'rly—p'rly C. dark-gn, bn, branze-Hke ash-gy St. gyh-w and gyh-gn. Foliated,
Ad. C.y,bn: 8t. w, gyh-w: T
Ad. . vit, C. gn St. pdergn Trl—s l.
Vit C. w; gnh, ywh, rdh: Trl: St. w.
Prly, Mvit. |C. w; ywh, gyh: '1' rl.
Vit. Y Cy 3 yw gy
P’rly—submet. C. bnh-gn, clove-bn 8t. w: Trl—sbtrl.
Ad; res. C. bn, bEy : 8t. w: Trl—op.
Met-ad—submet |C. dar: { or bn -bl: St. dark rdh-bn: Opagque.
Vit, p'rly. C. gn, bn bk, w: 8t. gyh-w: Sbtrp—op.
Vit . . res. 'C.gn,bn,gy,w,bkh:&.w—gy:’l‘rp——op.
Vit. O.bk : Opague i
Res, submet. C. bk da bn.h-yw St dark-gy, neuly bk : Trl—op.
Vit, res. C. bnh-bk, yw &u Sbtrl—op.
Vit;..prly. |C.w,gy; gnh r w—gy: Trp—sbtrl
Vit. . p'rly. C. pale-, w: 8t. w: Sbtrp—trl.
lYiti Py g Palcul;mmqne'-r e straw- m Sst.t ‘;nh Trl. Sherl—o

'rly; . . met. . - copper-
Ra.y' C. 4 h-gy ; "vio efe after exposure, vgnyth submetallic lustre,
Vit .. res. C.yw, bn 1, apple-gn: St. w; shghg{‘ywh Trl—sbtrl.
Vit. . p'rly. C. gn, yw, gy, rdh-w: St. gy
Vit. C. apple-gn; often kled St gyh—w Trp—trl
P'rly C. ywh-w, gnh-w: St. w: Trl—s
Vit. . res. C. dark goh-bk : St. gnh—gy Sbtrl—op
Vit. C. pale mountain-gn, bh, w: Trp—sbtrp: Fragile.
SECTION II. LUSTRE METALLIC.
Met. C. externally nearl. bk Ltm ﬂex
Submet-ad. C. iron-bk : 8t. da -red: Very sectile.
C. dark gyh-, or bnh—bk dark rdh-bn: Opaque.

Submet.




CLASS TRICLINATA.

Names of Species. Hardness. |Sp. Grav. \ P: M, P: T. M: T. Cleavage.
Blue Vitriol, 157. 95, 2223 105112939;, 128° 27, ' Imp.
o O
Schiller Spar, 299. Serpen-(3:5—4. [2:6—27. |M: T between 1350 Foliated.
tine. and 145°. rection.
‘Tabular Spar, 359. 4—5.  |27—29.(93°40,126°195°15’| Perf. in one di-
*Babingtonite, 363. Granite|55—6. |3-4—3-5. (92°34’, 880, 112030’ |P perf.
*Latrobite, 349. Prim.|[55—6'5. [27—2'8. [9109 98°3(y ,93030" P, M, T.
Kyanite, 374. Prim 517 |35-37. 030 0615115100o 50/,|M dist.
(e} ’
sPericline, 346. Prim.(6. 2:5—2-6. 93°g}3' 114° 45, /P and T perf.
Albite, 347. Prim.] « 2:6—27. 93°30' ll5°5’ 117°|P perf, M and T
ess S0.
*Anorthite, 348. Vole.| 3:65—27 94° 12' 110° 57,|P and M.
[oole. 1170 887,
Labradorite, 344. Prim.,| ¢ 2:65—2-8|94° 3%, 1199, 115¢.|P and M.
+Allanite, 423. o 4—41. [M:T—116° Imp.
Mnnganese Spar,356.Prim|6—7. 34—37. 93;;‘) 940, 1120 30,|P perf.
0
®Diaspore, 376. Prim.|6—65, [3:4—35.[71°30’, 78° 40/, 64°(Cleavage in two
54/, directions.
*Axinite, 396. Prim.65—7. [3-2—3-3.134° 40’, 115° 17,|Imp.
1350 10", .
CLASS TETRAXONA.
SECTION I. LUSTRE UNMETALLIC.
Names of Species. Hardness. Sp. Grav. Form,R : R. | Cleavage.
Nitrate of Soda, 152. 15— 5—2 20964. [Rbdn 1060 33". |R perf.
*White Copperas, 155. exag.
*Copper Mica, 265. Cop. 2. 2:5—27. |Rbdn. 69° 30”. a eminent.
Black Mica, 297. ores. 2—25. [28—3. |Hex. Pem!
*Light Red Silver, “ 54—5'55 Rbdn. 170° 36. Imp.
*Cinnabar, 535. . « 7-8—81. [Rhdn. 71° 47", a perf!
Pinite, 289, Prim.| « 27—2 8. [Hex. P sometimes dist.
"Cronstedme 2. 2-5. 3:3—34. |Rbdn. a em.
*Dark Red Sllver 633. |25—3. |6-75—5-9|Rbdn. 108° 18’ Imp.
*Vanadate of Lead, 243. (275, 6'6—75. |Hex.
Lead ores.
Calcareous S 180. 3. 2:5—28. | Rbdn. 1050 5/ R perf!
*Fahlunite, 290. o 26—2-7. [Hex. P dist.
*Mimetene, 241. Lead ores.(275—3'5/6:4. Hex. M imp.
*Carbonate of Lime and 3—35. [2:9—3. [Rbdn. R.
Soda, 184.
*Dreelite, 193, 3:5. 3:2—3-4. [Rbdn, 93° or 94°. |R ind.
'Diallogive 23. “ 3:5—36. |Rbdn. 106° 51’ R.
Dolomite, 182. 3:5—4. [28—3. |Rbdn. 1060 15-. R perf.




CLASS TRICLINATA.

ZLustre. Coler, Diaphaneity, ¥c.
Vit C.sky-blue: St. w: Sbtrp—trl. 'Taste met. astringent.
Met-p'rly—vit. [C. dark-gn, pinchbeck-bn: St. gyh-w, ywh. Sbtrl.
Vit..p'rly. C. w; gyh, rh, ywh, bnh: St. w: Sbtrp—sbtrl.
Vit, spgemyi. C. dark gn’h-bl':: T;l—op.
Vit. C. gnle-md or pink. 8btr! .
P’rly—vit. C.b, w, gnh: 8t. w: Trp—trl. Crystals usually long and thin.
P'rly;.. vit. C. w; ywh, rdh: 8t. w: Shtrp—sbtrl.
Vit .. p'rly. C. w; gyh, rdh, boh: St. w: Trp—sbtrl.
Prly. . vit. C.w: St. w: Trp—trl.
Prly, M& T vit. gyh, rdh, boh ; bh. and gnh. iridescence: St. w: Sbirl.

Submet—res,vit.
Vit.

aa

w:
. bni':~, or gnh-bk : St.

h-gy: Sbtrl—op.
C. pale flesh-r: St, w: 'fn 24 o

rp—op: Becomes bk. on exposure,

Vit, splend. C. gnh-gy or hair-bn: Trl—sbtrl.
Vit, splend. C. clove-bn, bh, gyh, gnh: St. w. Trp—trl. Crystals very flat and
acute.
CLASS TETRAXONA.
SECTION I. LUSTRE UNMETALLIC.
Lustre. Color, Diaphaneity, &e.
Vit. C. w: 8t. w: Trp: Taste cooling. Deflagrates on coals.
C. w, pale violet : Taste astringent and metallic, nauseous.
a P’rly, Ryvit. |C. gn: St. gn, paler than color: Trp—trl: Sectile.
P'rly, submet. |C. dark gn, bn, nearly bk : St. gyh-w: Thin. lam. elastic.
Ad. C. cochineal-red : St. r: Sbtrp—sbtrl.
Ad.. met, C. cochineal-red—lead-gy : St. scarlet-red. Lam. easily separated.
Res. p'rly; glim.[C. bnh-gw, straw-yw ; pearl-gy, rdh-bn : St. gyb-w : Sbtrl—op. Brit.
Vit. splend. C. bnh-bk : St. dark leek-gn : Opaque : Lam. elastic.
. Met-ad. C. iron-bk—coch-r: 8t. coch-r: Trl—op: Sectile.
Res. C. straw-yw—rdh-bn : St. w: Opaque.
Vit. C. w, gy, rdh, ywh: St. gyh-w: Trp—trl.
Res; . . vit. C. gn,gy : bnh, {:: St. glyi’:w: Opagque.
Res. C. pale yw—Ilight bn : St. w: Sbtrp—opaque.
Vit. C. w—gyh, ywh: 8t. w: Trl—trp.
P'rly. C. and St. w.
Vit..prly. C.rose-r; bnh: St. w: Trl—sbtrl. [curved faces.
Vit—p'rly. C.w; gnh, rdh, bnh: 8St. w—gy: Sbhirp—ul. Cryst. often with




118

DETERMINATIVE MINERALOGY.

Names of Species. Herdness. | Sp. Grav. Form, R : R. Cleavags.
Ankerite, 193, 35—4. |29—32 |Rbdn. 106° 17".  |R.
Spathic Iron, 211. “ 3739, | Rbdn. 1070, R perf.
Pyromorphite, 341. " 6:5—7°1. (Hex. M ind.
*Margarite, 206.  Prim.[35—4'5. |3—3'1. |Hex. P perf.
*Levyne, 334. Tvap.|4. 216—22Rbdn. 79°29.  |R ind.
Flucerine, 195. Prim.| 417, Hex. .
Chabazite,333. Amy.¢-prim|4—4'6 (3—21. |Rbdn.94°46’. |R ind.
Gmelinite, 325. Amyg.| 3—28. [Hex. Imp.
*Beudantite, 550. “ Rbdn. 920 30", a perf.
*Pyrosmalite, 226. Prim.| 3—3'1. |Rbdn. a em.
Rhomb Spar, 185. “ 3—3:3. |Rbdn. 1070 22", R perf!
*Alum Stone, 166.  Volc.|5. 2:6—28. [Rbdn. 920 50. a.
Apatite, 169. « 3—3-3. |Hex. Imp.
*Dioptase, 257. “ 3278. |Rbdn, 126°17. [R.
Calamine, 907. w 4:3—4'5. |[Rbdn. 107° 4¢". R perf.
‘T'roostite, 357, Prim.|55. 3—31. |Rbdn. 115°. e perf.
*Cerite, 421. Prim.| “ 4918. |Rbdn.

. eglheline, 341. Volc. 34—26. |[Hex, Imp.
*Eudialyte, 410.  Prim.| “  [285-295/R. T30 40. a perf.
Quartz, 397. 26—27, |Rbdn, 940 15, Imp.
Turmaline, 379. Prim./7—8. |3—3'1. |Rbdn. 133° 26. Ind.
Beryl, 380. Prim.|75—8. |26—98.|Hex. P ind.
*Phenacite, 382. Prim.| “ 2:9—3. |Rbdn. 1150 25, R.
Sapphire, 387. Prim.|9. 39. Rbdn. 86°-6. a perf
S8ECTION II. LUSTRE METALLIC.
Molybdenite, 524. Prim.|1—1'5. |4:5—4'8. |Hex. Pem!
Plumbago, 547. 1—-2. [2-089]1. |Hex. P em.
*Molybdic Silver, 511. Soft. 72—8. |Rbdn. R perf.
sTelluric Bismuth, 5627. |2. 75—76. |Rbdn. R perf.
sNative Tellurium, 472. {2—2'5. |57—6'1. |Hex. Imp.
+Cinnabar, 535. “ 78—8'3. |Rbdn. 71° 47". a perf.
*Dark Red Silver, 533. (25. 57—59. (Rbdn. 108° 18’ R imp.
*Polybasite, 508. 2—3. 6:2—6'3. [Rbdn. Ind.
*Zinkenite,514. Antim.ores|3—3-5. [53—54. Ind.
*Native Antimony, 473. “ 6:6—6'8. [Rbdn. 1170 15’.  |a perf! R dist.
*Native Arsenic, 475. 3-5. 565—6. [Rbdn. 114° 26. a imp.
Magnetic Pyrites, 489. 3-5—4-5. [4-6—4-7. |Hex. P perf.
Crichtonite, 455.  Prim.[5—56'5. |44—4'6. |Rbdn. 61° 0. a.
* Antimonial Nickel, 478. {5'5. Hex.
Specular lron, 4562. 55—65. (5—5'3. |Rbdn. 85° 58, Rand a ind.
*Mohsite, 456. Prim.|6—6'5. Rbdn. 73° 43. In
Iridium, 460. 6—7. 19—21'5.|Hex. P.
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Vit. . p'rly.
Vit Py
Vit
Vit
Vit.
Vit.

w,ywh: 8t. w: Trp—o

bnh—r, roses-r St 'h Sbf{l—opl_ . N

various: St. w, mostly hex 1

A e tediy 'P'—“' op. Urys. agona

b, bk bn, gn,r oﬁen& Bt w : Interior and exter. often dif. col.
bb, ywh, w: 8t. w: Trp—sbtrl—op.

Lustre. Coler, Disphansity, &c.
Vit. C.w. gyh rdh, bnh St. w, bn : Tri—sbtrl.
Vit.. p’rly. C.y, rdh: bukens on exgll)sure
Res. C. gn, ,yw,rdh,gyh St. w; ywh: _m—eh(rl
P prly. C. pal rgﬁul-gy, rdbh-w, ywh: 8t w: Trl
Vi g dark b, h; d t: 8t light] h.
kb, r, yw eeper w en we w, or slightly yw
Vit; splend. C. w, rdh-w h: St.w: Sbtrp—trl.
"SP C.w.. ﬂah—ry;lw T rp_
Ru C. bk, in thin fragments, deep bn and trl : St. gnh-gy.
rly C. pale bn, nin , 8y : St. paler: Trl—op.
.p'rly. C. v,gy h brownonexposure St. w—gy: Trp—trl.
P’rlyand Vit. [C.w W T Trp—sbtrl.
Vit.. C. hghtgn,wh bh St w: Trp—op.
Vit.. C. emerald-gn, kh-gn: St. gn: Trp—trl
Vit.. p’rly. C. w; gyh, gnh, bnh: 8t. w: Sbtrp—trl.
Vit.. res. C. egn,y,gy,r,bn St.w: T rl.
Ad. g clove-bn, cherry-r: St. gyh-w: btrl—op.
C.
C.
C.
C. gn
C. w,
C. b,

Vit,

w, wme-yw, 'rdh: St.w: Trp—’gp
b, r, gn, yw, bn, gy, w: 8t. rp—trl.
SECTION II. LUSTRE METALLIC.

C and St. leld-iy Boils paper—-tnoe on porcelain gnh : Lam. flex.
C. iron-bk, dark steel-gy: St. bk; shining: Sectile. Soils paper.
“Trace same as color.

g ;;’:1"’ stcell-gy gstodl:rk iron-b}"m. last. N sectil

e steel- i T, e ot very e.

C. and St. ung-{vlnte Br!;.ur

C. lead-gy—cochineal-red : St. scarlet: Sbtrp—sbtrl.

C. iron-black . . cochineal-red : St.coch-red: Op. Sectile.

C. iron-bk : St. bk : Sectile: C short h prisms.

C. and 8t. steel-gy: Op. Tyt e

C. and Bt tin-w : Not ductile.

C. and 8t. tin-w; tarnish soon to dark. -q J by magnet.

C. bronze-yw, r-r : St. dark gyh-bk : Tarnish : Slightly attract-

C. dark u‘on-i:k t. bk : Brittle : Slight action on the needle.

C. light copper-r; . . violet: 8St. rdh-bn: Not mag : Brittle.

C. dall;l:dsuel-gy—iron-bk 8t. cherry-r—rdh-bn : Often irisedly tar-
nis|

C. iron-bk :

C. tin-w, pn?psieel.gy: St. similar : Brittle.
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CLASSIFICATION II., INDEPENDENT OF CRYSTALLIZATION.

The peculiarities in this classification will be elucidated in the
following sections. The annexed is a general view of the several

subdivisions.

Liquid or gaseous.

d. Taste purely saline.

CLASS 1. EPIGEA.
G. under 3-8. Solid individuals, having an acid, alkaline, or saline taste.

Secrion 1.

FLups.

SecrioNn 2. SoLips.

Subsection A. Easily soluble.
a. Taste like that of alum. Color white, or grayish. No effervescence with acids.
b. Taste alkaline. Color white, or grayish. Effervescence with acids.

¢. Taste sweetish-alkaline ; rather feeble.

CLASS EPIG EA.

SECTION I. FLUIDS.

Names of Species. 8§p. Grav. Odor. Taste.
Hydrogen, 122. 0-0694. None.
Carburetted Hydrogen, 121. 0-655. Empyreumatic.

Nitrogen, 125. 0-9757.

Atmospheric Air, 126. 1.

Sulphuretted Hydrogen, 124. 1-1912. Fetid.

Muriatic Acid, 129. 1-2847. Disagreeable. |Acid.

Carbonic Acid, 127. 1-5245.

Phosphuretted dedrogen, 123. |1-7618. Alliaceous. Bitter.

Sulphurous Acid, 128. 222, Sulphureous.

‘Water, 130. 1.

Sulphuric Acid, 131. 1-1—185. Intensely Acid.
SECTION II. SOLIDS.

a. Taste like that of alum. Color white, or grayish. No effervescence with acids.

Subsection A. Easily soluble,

Names of Speciss.

Hardness. |Sp. Gravity.

Structure.

Lustre.

"Bolfatarite, 136. Volc. d-c.
Native Alum, 135.
sAmmonia Alum, 138.
"&-—esia Alum, 137.

2—3. 188,
2—35. |175.

1: Fib.
Fib, mas.

f‘:ibégﬂv., mas. |(P’rly, vit.

Vit. p'rly.
Resisous

Shining.
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e. Taste saline and bitter. Color white, or with a slight tinge of blue or green.
/. Taste saline and cooling. Color white. Deflagrates on burning coals. Effer-

vesces with hegted sulphuric acid. .
. Taste astringent, metallic. Often deeply colored. No effervescence with acids.

ubsection B. Solubility inconsiderable.
CLASS II. ENTOGXEA.
Q. above 1'8. 'Tasteless.
Secrion 1. LUSTRE UNMETALLIC.

Subsection A. Streak white, or grayish-white.
Subsection B. Streak colored.*

Secrion 2. LusTRE METALLIC.
CLASS II. HYPOGEA.
G. under 1'8. Includes resinous and carbonaceous minerals.

* A few of the species present, in their different varieties, sometimes a white, and
in others a colored streak, and consequently may be found in each of these subsec-
tions.

CLASSI. EPIG EA.

SECTION I. FLUIDS.

Inflammable—light of flame feeble, blue.

Inflammable—light of flame blue, with a tinge of yellow.

Not inflammable—extinguishes combustion. Insoluble in water.

Not inflammable—supports combustion and life.

Strong odor of putrescent eggs.

Corrosive—usually in solution in water. Precipitate with nitrate of silver.

N(l)t corrosive—extinguishes combustion. Soluble. Precipitates lime from its so-
ution.

Inflames when brought in contact with the atmosphere.

Effervesces with carbonate of lime or common salt.
SECTION II. SOLIDS.

Subsection A. Easily soluble.
a. Taste like that of alam. Color white, or grayish. No effervescence with acids.

Color, Diaphaneity, &c. | Blowpipe.
C. w: Sbtrp—sbtrl: Sol. § weight of water at 60°. Fus!, int.
C. w: Trp—ul: Sol. 16 times weight of cold water. Fus!, int.
g. and 8t. gyh-w: Trp—trl.

and St snow-w.

16
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b. Taste alkaline. Color white, or yellowish, Effervescence with acids.

Names of Species.’ ) Hardness.

Sp. Gravity Structure. Lustre.
sNatron, 140. 1—1'5, |1-4—1'5. |1V : Effi, fol, mas. | Vit.
*Gay-Lussite, 139. °—3. |1'9—2. 1V: Fol. Vit.
*Trona, 141. 25—3. {21—215. IIV: Fib; mas. |Vit.

¢. Taste sweetish-alkaline.
*Borax, 134. l2—2'5. ll"l——l"lS. |IV: mas.

d, Taste purely saline.
Common Salt, 143. 2. 122—23. |I: Fol, mas. 1Vit.

e. Tuste saline and bitter. Color white, or with a slight tinge of blue or green.

*Glauber’s Salt, 143. 1'6—R. [1'4—1'5. |IV: Efil, crusts. |Vit.
*Sal Ammoniac, 149.V.4-c.| 1'5—16. |I: Imit, crusts, effl.| Vit.
. ine, 147. Vole.| Mas, pulv. Vit,
*Thenardite, 144. “ 27—28. |III: crusts. Vit.
*Aphthitalite, 148.  Volc.!25—3. (1:7—1'8. |Mam, mas. Vit.
*Epsom Salt, 145. 2—25. (1'7—1'8. |III: Fib; Imit; effl.| Vit, p'rly.
*Reussite, 146. I11: Mealy effl.
Nitrate of Lime, 151. 1-62. Cryst. effl. silken

tufts.
Nitrate of Magnesia, 150. 1-74. Efi.

f. Taste saline and cooling. Color white. Deflagrates on burning coals.
Nitrate of Soda, 152. 152 2—21. VI: EM. Vit.
Nitre, 153. 2. 1:9—2. III: Fib, crust. Vit

8. Taste astringent metallic. Often deeply colored. No effervescence with acids.

Copperas, 154. 2. 1'8—19. |IV: Im; pulv. |Vit.
*Botryogen, 161. 2—25. |2—21. IV: Imit, mas. {Vit.
‘White Vitriol, 158, “ 2—21. IIT: Efl. crusts. |Vit
*White Copperas, 155. “ 2—21. VI: Mas.

*Yellow Copperas, 156. P'rly.
*Cobalt Vitriol, 159. IV: Imit: crusts.|Vit, p’rly.
*Blue Vitriol, 157. 25. 22—23. |V: Mas. Vit.
*Johannite, 160. “ 3-1—32. IIV: Agg. cryst. |Vit.

Subsection B. Solubility inconsiderable. Tuste weak.

*Boracic Acid, 132. Volc. 1'4—1'5. Vllincryst. grains;|P’rly.

* Arsenous Acid, 133, 15. 3-698. I: Imit. Vit . . silky.
*Glauberite, 162. 25—3. [275—285.|IV.

Polyhalite, 163. 35.  [37—28. [III: Col, mas. |Res,p'rly.
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b. Taste alkaline.
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Color white, or yellowish. Effervescence with acids.

Celor, Diaphanceity, &c. Blowpips.
C. w, gyh, ywh : Efflorescent. Fus! [inf-
C. w, ywh: Trp—trl: Not efforescent. Partially soluble. Dec, fus! glob-
C. w, ywh, gyh: not efll. or deliq : Easily soluble. Dec, fus!
¢c. Tasle sweetish-alkaline.
C. w, gyh, gnh: Trp—trl: Ed. slowly. Int, fus. trp. vit,
glob.

d. Taste purely saline.
C. w, gyh, bh, rdh : Effervesce with sulphuric acid.

e. Taste saline and bitter.

C.w, : Trp—op: T. cool, then feebly saline and bitter : Efflor.
Noe ervescence

C. w, ywh, gnh Trp—trl: T. acute and pungent: Not deli-| Vol. w-fumes.
Cqu th S‘S1 I: T. bi Slowly del: Noef.|D [hettd'
-W : —tr! ent, bitter : Slowly de o ef.|Decomp. at r
yw gyvsa.liue and bitter: No g}msntht’auds Y Fus. atpred heat.
C w, bh, gnh: Trl: T. pungent, saline, bitter: Ef. sul. Fus!
C. w: Tri: T. very bitter, saline. Del ; fus. dif.
C. snow-w: T. saline, bitter. [slight det.
C. w, gy: Very deliquescent. Watery, fus.,
[scarcely det.
C. w: deliquescent. ‘Watery fus.,
f. Taste saline and cooling. Color white. Deflagrates on burning coals.

C. w: Trp—trl: T. more bitter than Nitre: Deliquescent: Ef. hot
sul.
C. w: Trp—trl: Not deliquescent or efflorescent : Ef. hot sul.

g. Taste astringent, metallic.

C.gn; wh; yw. on exposure: St. w: Sbtrp—trl: T. sweetish as-
tringent and metallic.

C. hyacinth-r, ochre-yw : 8t. yw, shining: T. s ‘;htly astnngent

Color white, or with a slight tinge of blue or green.

‘Watery fusion.

defl. with deep
yw. light.

Often deeply colored. No effervescence with acids.

Bor, gn-glass.

Becomes mag.

C. w: Trl: T. astringent, nauseous, metallic: Very soluble. Int., rdh-yw.
C. w; tinge of violet: T.sweetish astringent: Hot sol. precips. ox.

iron.
C.yw: Trl
C. flesh-r, rose-r: Sbtrp—trl: T. astrin
C. Sky-b: St. w: Sbtrp—trl: T. metallic and nauseous. Bor, b,
C.gn: St. ywh-gn: Sbtrp—op: T. bmer, somewhat astringent.

Subsection B. Solubility inconsiderable. Taste weak.

C. gyh—, ywh-w: Feel smooth and unctuous: T. acidulous and bxt-lFus in candle;

C. w, ywh, rdh: St. w: T. sweetish-astringent.

_h_-bgyh-w St. w: Sbtrp—trl: Loses trp. in water.
k-red; ywh: Trl—op: Taste

On charx:ol al-
liac. odor.
Dec. w. enamel,

re and bitter weak. {Fus| lnca.ndle,

op, boh.



) sPyoxylite, 237. Lead ores.

CLASSIIL ENTOGZEA.

SECTION I.

LUSTRE UNMETALLIC.

Subsection A. Streak white, or grayish-white.

Names of Species. Hardness |Sp. Grav. Structure, Lustre.
alc, 295° Prim., amyg.[I—1'6 |27—28 |II1, fol : mas. P’rly; earthy.
*Horn Silver, 273. Prim.| “  [6:5—56 |[I. Crusts; mas. Res; .. ad.
slodic Silver, 275. “ Fol-mas. Res.
Hydro-Magnesite, 187. -2 2-:8—2-81|Pulv, crusts. Dull.
Serpentine. |
Fuller’s Earth, 556. 1—2 Earthy. Dull. -
sKollyrite, 277. ? Like clay. Vit.
sHorn Quicksilver, 274. [1—2 6:4—65 |II. Mas. Ad.
*Bismuth Ochre,205. Prim 4-3—4'4 [Earthy, mas, pulv. Dull, earthy.
*Scarbroite, 278. G-wacke.|? 1'4—1'5 |Mas. Dull.
*Websterite, 570.  Clay.|1'5—2 [1'6—1'7 |Ren, mas. Dull, earthy.
sHalloylite, 276. 1-8—2'1 |Mas. ‘Waxy.
Sea Foam, 288, 1-5—8 Mas.
+Oxalute of Lime, 164. 2:1—2'5 |Earthy. Dull.
Coal
Native Magnesia, 294. 1-5—2 (23—24 |VI, fol : Lam. P'rly.
Gypsum, 176. 175—2 (2:25-235(1V, fol: Lam, stel, fib,[P'rly, vit.
mas.
*Hydroboracite, 179. 2 19 Fib, fol.
Nemalite, 203. Serpentine.| 2:3—2'5 |Slender fib. P'rly.
¢Cotunnite, 234. Volc.|Soft. 1:-8—1-9 |Acic. cryst. Ad; ..p'rly.
*Haidingerite, 175. Prim.[1'5—26 [28—29 [III, fol: Bot. Vit.
sMellite, 539. Coal.|2—25 |1'5—~1'6 |1I. Mas. Res . . vit.
sKerolite, 285. Serpentine.] 2—22 [Ren, glob; struct. lam :{Res, vit.
Crusts. [mas.
®Pharmacolite, 174. « 19628 [IV, fol: Stel, fib, bot,[P'rly and vit.
Pinite, 289. Prim.2—25 [27—28 |VL. Hex. prisms. Res . . p’rly,
s Agalmatolite, 284. s 28—29 |Mas. Dull. [wealyx.
Common Mica,298. Prim.]| * 2:8—3 (IV, foll: Fol-mas. P'rly, vit. ad.
Black Mica, 297. Prim.,| 28—3 |VI, fol!: Fol-mas. P'rly.
- Vesuv. [ad.
sLeadhilli . Leadores.| 62—63 [IV, cleav: Mas. P'rly, res..
“ 68—7 (IV, fol: Col; mas. P’ly,ad..res.
olla, 366. Copper 2—3 2—24 [Bot, mas.
ores.,

N
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SECTION I.

ENTOG EA.

LUSTRE UNMETALLIC.

Subsection A. Streak white, or grayish-white.

Color, Disphansity, &c. Acids. ~ Blowpips.

C. h-w, w: Sbtrp-trl: Feel soa) Lose C. Infus. or nearl

ﬂnfn Lam. flexibl rg— Py so. v
C. pearl-gy, b h; on exposure bnh :|Insol. nis. Fus. in candle, mur.

t. slumng ri—sbtrl. fames
C.w, ywhgn; on exfosmre bh : 8St. sub- On char. fus!l, violet

met: Lam. flex. : Silvery-w if polished. fumes.
C. & 8t. w: Op: Adheres to the tongue. |Nit. ef. Infus. ‘

C. w, gyh, Fnh Feel greasy : Pulv. in wa-
ter, no plasticity.
C. w: Trl—opl: Fr. earthy: Splits into

coll:dmnar masses like starch, when cal-

cin

C.ywh-gy; ywh-, gyh-w: Trl—sbtrl: Sect.

C. gnh-yw, straw-yw, gyh-w

C. pure w: Odor argil.: Polished by nail:
bsorbs water if immersed in it : Trp.

not increased.
C. whlte Op: Fr. earthy : Adheres to the

n%le Feel meﬁﬁ

h: Sbtrl: Adherestotongue : More
trp in water.

C. gyh-w, rdh: Feel unctuous: Absorbs
waler, forms paste without plasticity.

C. yw: Op.

C. w, gnh, gyh, bh : Trl—sbtrl: Lam. flex.
C. w, bh, rh, yh, gyh: Trp—trl: Lam.
flex. ; melast

C.w, with red spots: Thin plates trl: Like
fib. and fol. gypsum

C. gyh-, bh-w, ywh: “Trl—sbtrl: Fibres
asuc, separable.  Becomes white,

opaque, and brittle, on exposure.

C w Trp—trl: Lam. slightly flexible.

C. honey-yw, rdh, bnh: T rl: Sectile.

C. w, gn, bn: Trp—trl: Not adhere to
tongue Odor argil.; Feel soapy.

C. w, gyb, ywh, rd 'fl‘rl—op

C. gy, gyb-gn, bn : Op.

gy, gn, yw, r, bn; none’ bright;
Sbtrl Feel greasy: Sectile.

C. various; often bright: Trp—sbtrl:
Lam., elastic! tough. Presents two
axes of polarization.

C. dark-gn, bn, nearly bk: Lam. elastic!

Nit. sol., no ef.
Nit. sol.

Sol., no ef.

Sul. gel!

Nit. sol., no ef,
h

ywa.
Sol., no ef.
No action.

Sol. ait., no ef,
Sol. nit., no ef.

Nit. sol., no ef.
Sul. partly sol.

Nit. ef !, w precip
Nit. sol no ef.

Nit. sol., no ef.

cto':l h. Presents(gle gﬁ‘isof lt'tlr‘izauonl
ywh-w le rp—ir
C. gnh-w, y‘: _‘gv},' gyh: "pr—crl Lam,
Cﬂenb]eld d pistachi ky-bl
emerald and pistachio-gn ; . . sky-blue;
bub: Bbrl, ’ !

sodi‘ny op. enam with
ef.
Unalt ; evo ves wnter.

On char. vol.
On char. met. ; vol.

Fus. dif.

'Whitens.

Bkns in candle ; vegeta.

odor; easil decomposed

‘Wh’ns. Friable, infus.

‘Wh'ns! Exf. friable.
Fus dif. .

Fus.

Op, friable.

w. fumes.
on char.

[burn.
‘Wh’'ns in candle; not

Fus!, b. flame;

'W. fumes, arsen. odor.
'W hitens.
‘Whitens; infus.

Op; fus dif '—infus.

Op ; fus dif —infus.

Int, yw; w. on cooling.
Fus; glob w. on cooling.

B’kns in outer flame ; inf.
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Names of Species. Hardness. |8p. Grav. | Structure. | Lustre.
*Chenocoprolite,220. Prim 2—3 Mammillary. Res, shining.
*Cryolite, 165. Prim.|[225—25 29—3 |III, fol : Mas. Vit.. p'rly.
Picrosmine, 291.  Prim.|2:5—3 i2‘5—9’7 IIL cleav; fib, mas. P'rly, vit.
*Hopeite, 210. « 2:7—28 |11, cleav. Vit and p'rly.
¢ Arsen.Iron,218. Iron ores.|? 1 II: Mas.

*White Anlimoz'd 203. [25—3 '55—6 |III, cleav: Mas. Ad..p'rly.
'y ores.
Anglesite, 238. Lmz ores.| “ 6-25—6-3| 111, lam : Mas, Ad.. vit, res.
sCerasite, 235. Lead ores.| 7—71 |HI: Col, rad. P’rly, ad.
Molybdate of LeadLe,a%ﬂ. 275—3 157—5'8 |II, crys. often tab: Mas.|Res.
ores.
Corneous Lead, 233. “ 6—6'1 |II: Mas. Ad.
Lead ores.
sVanadate of Lead, 243. “ 66—6:7 | VI: Glob, crusts, mas. |Res.
Lead ores.
Tungstate of Lead, 244. “ 79—81 [II: Mas. Res.
Lead ores.
sAllophane, 281. 3 1'8—1'9 |Ren, mas, Vit..res;on
fract.splend.
»Fahlunite, 290. “ 26—27 |VI: Mas. Res, vit.
Roselite, 178. “ 111, fol. Vit.
Polyspheerite, 252. “ 5-89—6°1|Rounded balls, rad. Res.
Calcareous Spar,t 180. 275-3-2525—2-8 | VI, cl!: fib, imit, mas. | Vit, p'rly.
Anhydrite, 177. 275—3-5!2:86—3 |1II, fol: Lam, fib, mas. [P’rly, vit.
Celestine, 189. o 3:8—4 |III: Fib, lam, mas. Vit, res.
Heavy Spar, 193. “ 4:3—4-8 (III: Fib, lam, mas. Vit,p'rly, res.
Serpentine, 263. 2.5—35 (24—26 |III: Mas, fib. fol. Res—earthy.
Sulplmto—(iarbonate of Ba-(2:75-3'25 4'141 Hexag. prisms. Vit.
yla, 194.
OMrl!metene,%l. Lead otes.|275—55/6:4—65 |VI: Imit: Mas. Res.
Gibbsite, 280. 5 |24 Stalac, small botryoid. |Faint.
*Carb. Lime & Soda, 184. “ 2-92 VI, cleav: Lam, mas. |Vit.
‘White Lead Ore, 232. “ 6:1—6'5 |III. Col; mas, gran. |Ad—res.
‘Witherite, 191. 3—3-75 |4:1—4-35|111: Imit, col, mas. Vit . . res.
»Mesolite, 314. Amyg.|3'5 2:3—24 |III, cl: Col, lam, rad,
crest-like aggreg; mas.
*Dreelite, 192. - " 3:2—3-4 | VI, not cleav. P’rly: Splen.
on fract.
sDiallogite, 213. “ 3:5—3:6 | VI, cleav: Bot, mas. [Vit, p'rly.
Strontinnile; 188. o 3:6—3:65|111, cleav: Fib, mas. [Res:.. vit.
1kerite, 212. “ 3-8—3-85'111.
hic Iron, 211. 3—4 37—3'9 |VI, cleav! fol. mas. Vit, p'rly.
wellite, 173. 3-25—4 |2:3—24 |III: Delicately col-hem-|P’rly, vit.
isph, stel, fib.

Some varieties of this species present very low degrees of hardness; they may
eadily distinguished by their strong effervescence with acids, their i;:fusi{)ility,
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Color, Diaphansity, &c. Acids. Blowpipe.
C. yw, pale-gn. Arsen; fus, bkh mag.
scoria.
C. w; rh, ywh: Sbtrp—trl: More trp. in Fus. in candle.
water : Feel greasy : Odor arglllaceous
C. gnh-w, gnh-gy, leek-gn: 8birl: Very Infuas; evolves water; op.
sectile. '
C. gyh-w: Trp—trl. Nit., mur. sol., no|Fus. trp. glob., flame gn.
ef. Soda, cop. & zinc fumes.
C. pale
C. w; .. pale-r, ash-gy : Sbtrp—trl: Sect. * |Fus. in candle; on char,

C. ywh-, gyh-, gnh-w; yw, gy: Trp—trl.

C. ywh—wg,yrdh Trl—-—op Brittle.

C. wax-
—sbtrl.

C. w; pale-gy, yw, gnh: Trp—trl.

C. light bnb-yw, straw-yw, rdh-bn : Sbtrl

C.;:?.gy, bn, r: Trl—sbirl.

C. pale-b; gn, bn, yw: Trl: Very brittle.
C. gn, dark-bn, bk: Op : St. gyh-w.

C. deep rose-red : Trl.

C. bn; ywh-bn, yw, ywh-gy.
C. w; g'yt; rh, gnh, ywh; dark-bn, bk:

T
C.w; rh, bh
T ular, istinet.
C w, bh, rh, ﬂesh—rednh'l‘ btrl.
bh, bnh, rh: Trp—sbtrl.
C. lt-.»e{w g{h-gn, only-gn, gyh bh, rdh;

none n ht; ywh-gy, gyh-w, on expo-

rl—op: Sect: Feel often soa
C snow-w Tl!; Py

C paleyw bah, bnh-r : Sbtrp—trl.

C ’h-v; 'I'i‘rl Surface smooth
w; gyh, ywh: Trp—trl.

C. w'mgyh boh: St. w, gyh: Trp—trl.

C. th-w, orange-yw, gyh: Sbtrl—trl:
ery brittle.
C. gyh-w, ywh : Trl: Lam. slightly elast.

C.and St. w.
C. rose-red; bnh: Tri—sbtrl.

w: Trp—trl

C. ywh-gy.

C. ywh-, a.-;l)-é gnh-gy; rdh: Darkens on

ex
C. w, gnh, bh, ywh bah: Trl

, or orange-yw, ywh-w: Sbtrp

h: Trp—trl: Cleavages

C. light—gn, pale ywh-bn, yw, gy, w: St.

Not sol. nit.

Swi., gn sol. ;
yw,

Qelat, with acids.

Effervesce !
Not ef.

Not ef.
Not ef.

Sol! in hot nit.
Ef. nit.

Sol. ef. nit.

Ef. nit.

Ef.

Ef. nit.
Ef. mar. and nit.

Palv. ef. nit.
Pulv. ef. nit.

8ol. hot nit ; evol.
vap’s corro. glass.

vol, produces w. coat'g.
Dec; Fus. w. slag.
Fus!;on ch. mur. fumes.
Dec; darkens; on char.
lead

Fus! yw
cooling:

lob; w. on
n char. lead.

nit.|Fus: on cool’g again yw.

Fus; ox. of lead on char.

Lose color, pulv; gn.
flame ; infus.

Gy,fus dif!!; bor. slow
sol, colored globule

Bkns, evolves water;
bor. b

Exf, whitens; dor. fus.
‘W : Intense light : Infus.

Evolves no moisture;
‘Wh'ns, not exf; fus dif.
Dec; fus.

Dec; fus. dif!
Hnr&ens fus. dif!

Fus; on ch. arsen., lead.
‘W ; infus.

Infus.

Dec. yw, r; met-lead.

Fus. op. glob.

Bn. or. bk; dec; infus:
Bor. violet-b. glasﬂ
Fus. on edges; color of
flame rllmlh bo. el
Bor. ywh-gn. or bn. glass
B’kns ; mag ; infus : Bor.

Iggis. op.

intense light under the blowpipe, and their amorphous and finely or impalpably gran-

ular structure, without a greasy feel.
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Names of Species. Herdness. |8p. Grav Structure. Lustre.
Siilbite, 304. Amyg., prim.|3:5—4 |211—22 |.II : Rad, div, sheaf-ag-| Vit; .. p’rly.
reg, glob; particles
rim. am. or fib.
sHenlandite, 303. Amyg.,| * 2-15-2-25(1V. Glob. mas. P'rly! & vit.
Laumonite, 317. Amyg.4-[ “ 2262351V : Mas. Vit.. p'rly.
prim.
Schiller Spar, 299. Serp.| “ 2:6—2'7 |V, fol: Lam, gran. Met-p'rly,vit.
Dolomite, 182. “ 28—29 | VI, cleav: Imit; mas. |Vit;.. P’:ly.
Ankerite, 183. “ 29—3-2 (VI: Mas. Vit..prly.
Arragonite, 181. “ 26—3 |(IIL Col, fib, imit. Vit . . res.
Scorodite, 219. “ 3:1—3:3 |III. Mas. Ad..vit
*Hedyphane, 239. Prim.| * 54—5'5 (VI: Mas. Ad.. res.
*Huraulite, 216. Gran.|above 3 {227 IV. Vit.
sLevyne, 324. Trap.|4 2198 VL Vit.
*Killinite, 286. Prim.| “ 26 ~28 |Cryst: cleav. mas. Vit; weak.
Fluor Spar, 168. “ 3:1—3-2 [I, cleav !: Mas. Vit.
Barytocalcite, 190. o 3:6—37 |IV: Mas. Vit. . res.
*Flucerine, 195.  Prim.| ¢ 47 VI: Mas. Weak.
*Margarite, 296.  Prim.[3-4—4'5 [3—3'1 |VI, fol! gran. P'rly, vit.
Bismuth Blende,206. Prim.| “  |59—61 |I: Glob, col, mas.  |Res..ad.
Chabazite,323Amyg., prim.|4—4'6 {2—2'1 |VI: Ren, col, mas. Vit; . .ad.
*Gmelinite, 325. Amyg.| 2—21 |VI Vit.
®Phillipsite,319. Prim,vole.| « 2—2-2 |III: Sheaf-aggreg; rad.| Vit
*Harmotome, 318. Amyg.| “ 2:3—2:4 [UI: rarely mas. Vit.
*Epistilbite, 312. Amyg.| “  [22—23 |III, cleav: Mas. Pearly .. vit.
vole.
®Carphosiderite, 225. e 25 Reniform masses. Res.
®Edingtonite, 306. Amyg.[ 27—28 [II; hemihedral minaute.| Vitreous.
®*Pyrosmalite, 226. Prim.| ¢ 3—31 |VI. Hexag: Mas. Pearly.
Rhomb Spar, 185. o 3—315 |VI, cleav; mas. Vit; . . p'rly.
Tungst. of Lime,202.Prim.| ¢ 6—6'1 |[II: Ren, col, mas. it; . .ad.
Plumbo-resinite, 240. Lead| 6-3—6'4 |Reniform. Res.
ores.
# Amphodelite, 350. Prim.|4'5 27—28 [V: cleav. mas. Vit. . p'rly.
limestone. [aggreg.
sHerschellite, 342. T'ap.|4—5 211 VI hexag, cleav; often
Tabular Spar, 359. “ 27—29 |V: fib, lam. Vit..p'rly.
*Osmelite, 293. 7Tvachyte] “  |27—29 |Fib, stel, scopiform. |P'rly et
weak.
Seybertite, 301. u 3—31 |[Lam. Met-pearly.
sBronzite, 300. “ 3233 |V, fol!: Lam! P’rly,met-p'r.
Apophyllite, 316. Pole. §-.[4-5—5 |[2:3—24 [1I, fol: Lam, P’rly and vit.
'Igschsite, 3ll. Amyg| 2:3—24 |Fib. Somewhat
'rly.
*Turnerite, 372.  Prim.| ¢ IV, Cryst. small. Sl&m{s})lend
*Pectolite, 327. Amyg.l 269 Glob, div. fibres. Vit .. p'rly.
Apatite, 169. « |3—33 |VL Hexag: Col. mas. |Vit. . res.
Electric Celamine, 208. « 3—35 |(III: Fib, bot, mas. Vit..p'rly,ad
sYttrocerite, 900. Prim.| “ 3-4—35 |11, cleav: Mas. Vit, p'rly.
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Color, Diaphandity, &c. Acids. Blewyipe.
C.w; yw,r, bn: St. w: Sbtrp—ul. Gel. in wif. dif ! | |Intum; fus.
C.w, r, gyh, bnh: Sbtrp—trl. Not gel. in ni¢. {Slight intum ; fus.
C.w; h: 8t.w: Trl: Becomes op,|Gelat. Fus. w. frothy mass,
white, anﬂriable, on e
C. olive-gn, bkh-, gn pinc beck bn: St Darker bn, more met.
gyh-w .. ywh: Sbtrl. Lam. separable.
C w rdh, gnh g{bn bk : Subtrp—trl. [Ef.
rdh 8t. w—bm: Tri—(Some ef. B'kns, infus. mag.

sbul kensonexposure
Cv,sy,w.snh.bh St grb.w: Trp—

C. leek- -w ; bh-w, liver-bn : Sbt
g, goh ) Tp
C. w, gyh-w: Trl.

C. rdh-yw: Trp.
C. w; rdh: Sbt
C. gnh-gy,bn gt ywh-w Trl—sbtrl,
C. w,yw b, gn, r, often lively : Trp—trl.
C w; iy gnh: Tr, 1.

txle-r, ywh deeper when wet:
cm’m—o dh-w, ywh-w: Trl—sbtrl:

, rdh-w, -w: Trl—sl
nrfx}l’x chlorite. A
C. dark hair-brown, ywh-gy, Straw-yw:
St. ywh-gy.

C. w, rdh-w, ywh-w: Sbt;
C. w; flesh-r: Trp—trl:

C. w; rdh: Trg—o
C.w; gy, yw, Il ng Sbtrp—trl: Cryst.

onen [3

C. w: Trp—sbtrl.

C.straw-yw: St. ghmmering- Feel greasy.
C. gyh-w: Sbtrp—trl.
C. pale liver-bn, gy, gn, gnh-w : St. paler.

C.w,gy; ywh,bnh; bn. on expos: Trp—trl.
C.w, y;vh bnh onngeyw Sbtrp—op.

C. ywh rh-bn ywh-w striped: Trl: Re-
sembles lﬁ arabic.
C. light-r: Odor argil: Fr. like scapolite.

C.w: Trl—op: Clea par. with P.
C. w, gyh-w, ywh, rmﬁbtrp—u'l

C. &h-v.smoke-gy hair bn. on exposure:
r argil

C. rdh-bn': Sbtrl Foliated struct. distinct.

C. dark-gn, liver and pinchbeck-bn, ash-

gy: Trp—sbtrl. Lam. easi) separable
C. w, gyh, bh, !

gnh rh: T
C. w, yvh, b I crytough
C.yw; bonh: T
C.w; }wh ‘E“Rmmblam
C. set-gn, Bwh , 8Y,Th, bn ; none drig!

C w b, ,bn Trp—trl.
ﬂ-gngy,w,rdh-hn Op.

ery bnttle

Ef. nit. and mur.

No action.
[glass.

Swl. fumes, corro.
Ef. innil. or mur.

Noaction,

Hot acid acts
slowly.

I1Sol. strong mur ;!

exc't sil.

Sol. mur ; exc't.
sil.

Ef.
Yw. in nis; not sol

Lo powder.
Ef! mg thp:n falls

[mur.
Actedonbynil. &

Nit. subgelat.
Mur. gel !

Nit. sol. slowly;

Genloit elf [
nhotnit. [yw

Pulv. sol. hot nif.

Infas: Decrep; phosph.
on ted hot lron, ¥
Fus. rdh-bo. scoria; ar-

sen.
'W. friable mass: Flame
h-b; on char. arsen.
us! bk, met. batton.
Intum. whitens.
Whitens; fus. w. enam.
Dec; phos' fus. dif.
Infus; Bor. fus.
Inf: Bor. fus. dif; blood-r
in outer flame while hot.

Fus.dark yw; w. fames.

Fus. glass.
Exf. 1??::ndle and flies
off in small scales,

Phos, yw. light; on ch.
fus, no intum.
Froths, vesic. enam.
{fus! bk.
Bk fus. dif. mag: Bor.
‘d)? fus. dif. trp. glass
Reddish-bn; mur. fumes;
fus. dif.
Bnh-bk: Inf.
Dec: Fus. dif!!

Dec; evolves water; inf,

Fus. dif!! Bor. fus! trp.
Infus. Bor. trp. pearl.

Inf. ; lighter color.

Exf. int. fus. w; Bor. fus!

Op; fus. dift! Ber. trp.
ass.

Fus. trp. glass.
Fus. drﬁ'!! Bor. fus!

17

%,m phos; inf: Bor,fus
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Names of Species. Hardness. ' Sp. Grav. Structure. Lustre.
Natrolite, 307. Voic.,amyg.|45—55 21—23 |III: Stel, rad, mas. Vitreous.
Poohnabhlite, 329. “* III. Slender prisms. |Vitreous.
*Carpholite, 310. Gran.| 2:9—3 [Fib, rad, stel. Silky.
+Thomsonite, 305. Amyg.|5 2:3—24 |III cl: fib, 1ad, mas. | Vit..p'rly.
*AlumStone, 166.  Vole.| “  [2694 |IV: Mas. Vit.. pearly;

' earthy. *°
Childrenite, 172. 45—55 III. Vit. . res.
Humboldtilite, 557. Vole.|5 3132 . Vit,
sHerderite, 171. Prim.[ 29—3 |III Vit , . res.
sGlaucolite, 352.  Prim.| 27T—29 |Mas. in perf. cleav. Vit.
*Triphyline, 221. Prim.| 36 111, cleav : Mas. Vit. . greasy.
Calamine, 207. “ 42—4'5 (VI: Bot; ren; mas. |Vit,. pearly.
Analcime, 320.Amyg.,volc.|.5—55 [2—2'1 |I: Gran, Mas. Vit.

. prim.

sBrewsterite, 313. Amyg,| ¢ 2:1—245(1V, Cleav. Vit, pearly.
Mesotype, 308. Amyg., vole.| “ 22—23 (III: Stel. div. mas. Vit -

*Scolecite, 309. Volc.amyg.! “ III: Div; Rad; mas. (Vit..pearly.

«Comptonite, 315,  Volc.,| “  [¢:3—24 [III: Coatings; Mas. |Vit.

amyg.
Datho)ite,:i%.dmyg.,pnym. “ 2:9—3 (IV: Fib. Bot. mas. |Vitreous.
Anthophyllite, 365. Prim.| “ 29—32 |V, Cl: Col, fib-mas; {Pearly.

*Wagnerite, 170. « 3—39 |IV. Vit.
Sphene, 415. Prim.| 32—35 |IV: Lam, Mas. Ad..resin.
riplite, 214, Granite.]| 3:4—3-8 |Lam, Mas. Res..ad.
*Willemite, 209.Calamine.| 4—4'1 |VI: Ren; Mas. Resinous.
*Microlite, 199. Granite.| “ 475—5 I, minute octahedrons. (Resin. [res.
»Yutro-Columbite, 433 Prim| * 53—54 Lam; ins. Submet; vit,
Troostite, 357. Prim.|55 4—41 |VI: Mg?ms Vit; . . res.
sCerite, 421. Prim.| ¢ 48—5 |Mas, vi. Ad.

Scapolite, 351. Prim.5—6" |26—28 II: Col; lam; mas. Vit; p'rly.
Boltonite,552. Prim. limest.| 2:8—29 |Cleav, mas; gran. Vit.

Hornblende,t364. Prim.,| ¢ 2:9—3-2 [IV: Rad, col, fib, mas.|Vit..p'rly.
volc.

Lazulite, 337. o 3—31 [III: Mas. [fib.| Vit. ,

Pyroxene, 361.an.! vole.,| 32—3'4 |IV, coarse cleav. mas,| Vit..res,p'rly]

*Arfwedsonite, 367. Prim| ¢ 3-:3—3'5 |IV, Cleav! . Vit, splend’nt

sSodalite, 321. 556—6 [29—924 [I: Mas.
sLeucite, 322. Vole.| © 24—25 |1, '{dl;gspezohedrons; Vit.notstrong
*Nepheline, 340, Vole., ¢ 2:4—26 |VI, hexagonal. Vit..p'rly.
*Eleeolite, 343. Prim.| 2:5—2'7 |Imperf. crystalline, iii. |Res.
*Gehlenite, 353. Prim.| 29—31 |IL

limest.
Anhyd. Scolecite,549. Scap.'5—6 Cryst. Vit.

+ This species occurs in fibrous forms, of apparent low degrees of hardness;
occasionally they have the very peculiar structure (in the mineral kingdom)
of cotton, or fibres of flax. Their action under the blowpipe, and the non-action
of acids, in connection with their peculiar flexibility and loose aggregation, will dis-
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Color, DispAansity, &c. Acids. Blovpipe.
C. w; ywh, gyh: St.gy: Trp—trl. Gel ! also after be-|Op; fus. glass.
ing heated.
C. w: Trp—trl.
C. straw-yw, wax-yw: Op: Very brittle. Intu.nY fus. dif ; Bor.trp.
violet.
C. w,bnh: Trp—trl: Brittle. Sv;ellsdu snow Ww, Op.
us. dif!!
C. w; rh, gyh: Trp—sbtrl. Sol,, Swl. Dec. Inf. pulv.
C. y, pale ywh bn ywh-w: St. w: TrlL
C.y, ywh-gy 'll:p Gelat. Fus ! spongy, trp. glass.
C. ywh-, gnh-w H Very brittle.
C. lavender-b; gnh: Fus. dif!! Bor. fus.
C. gnh-gg bb: St. gyh-w Trl—sbtrl. |Soluble. Fus! [zine.
C. gnh, bnh, gn, bn : Sbtrp—trl. |Nit. ef., not gel. |Op. Inf; w. flocks oxyd.
C.w; rdh gyh Trp—op Brittle, Gel. mur. Oni:h t;:s. intum, glassy
globule
C. w; ywh—gyh: Trp—trl. Op. froths; fus. dif.
C. w; gyh, ywh, rdh: Trp—trl. Op, fus. glam Bor. fus.
C. w: Trp—trl. Gel! nit. and mur. Op, and curls! in outer
before, but nott flame : 3
after ignition.
C. w: Sbtrp—trl. Pul. gel. ait. and|Intum, op, fus, vesic,
mur. lass.
C. w; gnh, ywh, gyh, rdh: Trl—sbtrl. [Gel! nit. Friable in candle.
C. ywh-gy, bnh-gn, clove-bn: Trl—sbtrl. Fus dif!! Bor. fus. dif;
C. orange-yw; gyh: Trl Hot Swd. evolves Fns dlfn dark gnhﬁy
C. lively: Sh Fluoric ucid;l ng Bzrfﬂxs
. bn, yw, gn, not live rp—op.| Nit. sol. exc't si w: i
C. bkh-bn: ggt. g{‘ v Nit, sol; noef. |Fus! bk. scoria.
C. w; ywh, rdh bn: Trp—op. —bn.| Mur. gel Flame gn; inf: Bor. fus.
C. slraw-yw, dark rdh-bn : Trp—s trl St.!Insol. Unaltered.
C. bk, bn, yw, gnh: 8t. gyh-w Infus; dec. lighter color'd
C. ‘Fale gn, yw, gy, rdh- none bright :[Ef. mur ; odor [Trp; fus. dif!!
rp—irl. chlorine.
C. clove-bn . - cherry-r; gyh: Sbtrp—op: Infus: Bor. orange-yw.
Brittle. while hot.
C.w; gyh-bk, gnh, th: T btrl. Int.; fus. dif. vesic. glass.
C. h-gy, ywh-gy, gyh-w, often yw. on ex-

posure
C. gn. of various shades of w, bn, bk and
intermediate shades: Sht

C. pure blue, gnh-b: St. w: p-
C. gn, boh, gyh, wh, bkh: Trp—op.
C. bk: [ Trp—sbtrl.

gyh- lsl)xp ash-gy, gnh, deep azure-b, w:

C.
C.w, yvh gyh; gy: Sbirp—trl.

C. w, ywh: Trp—op.

C. dar’ -gn, bh-gy, bnh, brick-r: Trl.

C. gy; gyh, ywh; not bright: Op—sbtrl.
C. w: Trl

-

Nit. gel.

Powder greens
the blue of vio-
lets.

Nit, nebnlous, gel.

Pulv.

Heat: mur gel.

Infus; w, trp: Bor. tup.
lass.

Fugs. dif’; glob. not clear.
Bor. fus.

Infus. Bor.clear globule.
Fus. glassy globule.

Fus! opaque globule.
Fus. dif. glass.
Inf: Bor. fus. dif.

Fus. dif!!
Fus. w. enamel.
Fus. dif! Bor. slowly.

Fus. dif ; curls up,

sh these individuals from other species. They may, however, be confounded
pyroxene, or picrosmine, to distingnish which may require close examination

and comparisons, with full descriptions.
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Nemes of Specics. | Harduess. | Sp. Grav. Structure. Lustre.
*Blue Spar, 338. Prim.|55—6 Masgive, v. Vit..prly.
*Thulite, 422. Prim.| ¢ IV: Gran. Vitreous.

s Acmite, 370. Prim.| « IV, long pointed cryst.{Vit. . res.
Saussurite, 334. €« Massive, cleav. P'rly.. vit,res
#Babingtonite, 363. Granite| * V. Vit. splend.
® Anatase, 416. Prim.| ¢ IL Met.-ad; res.
Feldspar, 345. Prim.|6 2:356—2-6{IV, cleav: Mas. [mas.|P'rly; vit,
ePericline, 346.  Prim.| V,Twin cryst., tabular ;| Vit; p'rly.
Albite, 347. Prim.[ ¢ V, cleav: X . {Prly, vit.
«Anorthite, 348. Volc.| V: Coarse col., . |P’rly..vit.
Labradorite, 344. Prim.| *“ V, cleav: Mas. P'rly . . vit.
®Eudialyte, 410. Prim.| ¢ 2:85-2-95! VI, cleav: Mas. Vitreous.
*Turquois, 336. “ Reniform ; no cleav. [Waxy, dull.
*Amblygonite,371. Granite| IV: Columnar. Vit. and p'rly,
*Withamite, 369. TVvap.| “ IV. Vit
Hypersthene, 302. Prim.| IV, cleav: Mas. Mle)t- y ly,
t.
sHetepozite, 215. about 6. IV: Mas. Res.
Opal, 398. 56—65 Mas, imitative. Vit , . res.
*Erlamite, 655. « Mas, an. Greasy.
Brucite, 405. Prim.limest.| IV: Gran. mas. Vit, res.
*Latrobite, 349. Prim.| ¢ V.
Manganese Spar,356. Prim|5-5—7 V: Mas. Vit,
$Zurlite, 574. Vesuv. limest.|6 7 Cryst. large and dis-|Res.
tinct.
*QGismondine, 364.  Volc.|6—6'5 II Ad.
Petalite, 335. “ Cleav. mas,—col, gran.| Vit - resin,
p'rly.
sIsopyre, 401. Prim.,basalt,| Mas; resembles obsi- Vit
dian.

+Bustamite, 358. « Rad, lam, ren, bot, mas.
Cummingtonite, 366.Prim.| ¢ Thin col, div, stel. Pearly.
*Helvine, 404. Prim.| ¢ I, Cryst. hemihed. Vit . . res.
*Diaspore, 376. Prim.| ¢ V, cleav: Lam. prisms. Vit-i p;arly.

end.
*Ligurite, 393. Tulc. rock. IV. Vi,t‘.) res.
‘®Bucklandite, 363. Prim. IV,Less than 1 in. long.| Vit.
Kyanite, 374. Prim.|5—7 IV; coarse col. P'rly; vit.
*Davidsonite, 554. Granite.[6'5 1V, cleav; Mas.
Idocrase, 407. Volc., prim.| ¢ II; Mas. Vit; . . res.
*Obsidian, 399, Volc.|6—7 M