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ADVERTISEMENT.

In preparing this edition, the Author has consulted the most
recent systematic works on Mineralogy and Geology; various
literary and scientific Journals ; Transactions of literary Societies ;
Travels; Reviews, &c.

In consequence of the numerous additions, which it has been
found necessary to make, this work has been so much extended,
that it appeared expedient to divide it into two volumes. The
Title page of the second volume is placed at the commencement
of Combustibles, the third class of minerals; and of course the
work can be bound in one volume, or in two volumes, as may be
preferred.—The pages are numbered in continuation through both
volumes; and a copious general index is subjoined.—Numbers,
referring to the page, are affixed to the species, &c. in the Tabular
View, which may also be employed, as an index.



PREFACE.

A part of the Preface to the first edition is incorporated with this.

Tae object of this work, of which a second edition is now
presented to the Public, is to furnish an introductory or elementary
treatise, neither too brief, nor toa much extended, on the subjects of
Mineralogy and Geology. After a general view of the plan
pursued, some account will be given of the present edition.

Minerals may be divided into species and srranged according
to their external characters, or according to their true composition.
Heuce have arisen two, distinct, mineralogical schools ; viz. the
German, which regards the late Professor Wer~NER, of Freyberg,
in Saxony, as its founder,—and the French, which looks chiefly
to the Abbe Hauy, as its author.

In the system of ‘Werner, minerals are divided into species and
arranged according to their external characters. In the system of
Hatiy, the true composition of minerals is considered the basis of ar-
rangement, although the crystalline characters are, in fact, principally
employed,—with the belief, however, that arrangements, founded
on the crystalline characters and the true composition, are never at
variance.—In the description of minerals, Werner depends chiefly
on an accurate enumeration of all the external characters. Haiy,
on the other hand, employs only the most important of the external
and chemical characters, relying principally, however, on the crys-
talline form and structure, when these can be observed.—Hence it
results, that, in many cases, Werner attaches to certain differences
of external characters a degree of importance, which Haiiy does not

admit ;—hence also the number of species, in the arrangement of -

Werner, is much greater, than in that of Haily.

The arrangement of minerals according to their external char-
acters, and that, which is founded on their true composition, are
the two methods, which, in comparison, ought to be opposed to
each other. The crystallographical method of Haiiy is only a
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modification of the chemical method, which it acknowledges as its
basis ; but it can never be of universal application, for some
minerals are destitute both of crystalline structure and form.

In regard to the systematic works on mineralogy, which have
proceeded from the German and French schools, they certainly
possess peculiar excellencies, with some peculiar defects inter-
mixed. The German school seems to be most distinguished by
a technical and minutely descriptive language ; and the French,
by the usc of accurate and scientific principles in the classification
or arrangement of minerals.

Many of the writers of the two schools appear to have indulged
an undue attachment to their favorite and peculiar system, and
have hereby been prevented from receiving mutual benefit; the
supporters of one system being unwilling to adopt what is really
excellent in the other system.—But it is believed, that the more
valuable parts of the two systems may be incorporated, or, in other
words, that the peculiar, descriptive language of the one may be
united to the accurate and scientific arrangement of the other.

This union of descriptive language and scientific arrangement
has been effected with good success by BRoNGRIART in his system
of Mineralogy. The author of this work has therefore adopted the
general plan of Brongniart.

It is respectfully requested by the writer, that those persons,
who, like himself, may have received their first ideas on mineralog-
ical subjects from writers of the German school, would carefully
and candidly examine Chapter iii of the Introduction on the sys-
tematic arrangement of minerals ; and that they would particularly
attend to the distinction, which is made, in Articles 213, 237, and
238 of the same Introduction, between those properties of minerals,
which may constitute the busis of arrangement, and those, which

may be safely employed in description only.

Cry stallography, which describes the most important of the

rals, is explained in the Introduction
s is consistent with the nature of an

to ascertain, that a taste for mineralog-
has, for several years, been rapidly
tates. The establishment of several

, and of the American Gevlogical
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Society ; the encouragement, given to public and private courses
of lectures on these subjects in many of our towns and cities; the
very excellent Journal of Professor Silliman; and the increased
aumber of American mineralogists, who have generously contributed
to enrich the pages of this edition, prove that the treasures of these
interesting sciences are diligently explored in this country. Nor
ought it to be forgotten by the writer, that this edition was requested
by the Public at an earlier period, than could reasonably have been
expected.

Since the appearance of the first edition of this work, many val-
uable papers on Mineralogy and Geology have been published in the
American Journal of Science aud other periodical works, exclusive
of larger and more formal publications. Among the latter may be
mentioned Observations on the Geology of the United States, by
W. Macrore ;—Outlines of the Mineralogy and Geology of Boston
and its vicinity, by J. F. and S. L. DanNa ;—View of the Lead
Mines of Missouri, by H. R. ScuooLcrarT ,--Index to the Geology
of the Northern States, second edition, by A. Earon ;—Geological
Essays, by H. H. Havpex ;—Considerations on the art of Mining,
by H. Keatine ;—Geological Survey of the county of Albany, New
York, by A. Earon and T. R. Beck ;—Geological Survey of the
county of Saratoga, New York, by J. H. StxeL ;—Geological Sur-
vey of Rensselaer county, New York, by A. Earon ;—A Descrip-
tion of the lsland of St. Michael, comprising an account of its Geo-
logical Structure, by J. W. WeBsTER.

It is also an important fact, that some of our chemists are begm-
ning to devote their attention to the analysis of American minerals.
Among these may be mentioned L. Vanuxew, of South Carolina
College ; H. Sevekrt, of Philadelphia; and G. T. Bowen, of .
Providence.

Although the writer has employed as much brevity of expression,
as appeared to be consistent with perspicuity, it has been found
necessary to extend the work by the addition of 152 pages.—The
Introduction has been enlarged about 10 pages,—the Vocabulary
bas been somewhat extended,—a few descriptions of new species
and varieties have been introduced,—and an Appendix on Meteoric
Stones has been added. But most of the additions relate to American
Mineralogy, and have resulted from those more numerous, extended,
and accurate observations, which indicate the progress of this science.
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Most of the differences between this and the first edition consist
in additions. Every article has been carefully re-examined ; and,
in many cases, a single word, or a member of a sentence, has been
interwoven with the text. This has sometimes rendered it necessary
to give a sentence a new form ; indeed this has sometimes been done
merely to improve the expression. Hence a change of phraseology
is not always accompanied by a change of ideas.

The principal alterations have been suggested by mineralogical
friends, either in reviews, or by private communications, for which
the author here expresses his obligations. The more important of
these alterations consist in changing the arrangement of a few of the
species. Thus Carbonate of lime is placed first in the genus, Lime,
because reference is so often made to it, as a standard of compari-

son, in describing the other species of the same genus.—For a simi-
" lar reason, Quartz is placed at the beginning of the earthy class.—

The names of very few species have been changed; and these
changes were made with hesitation and reluctance, and with no other
view than that of producing uniformity in the nomenclature.

The synonyma of the species and subspecies are placed directly
under the systematic name, while those of the varieties &c. are re-
tained in the notes.—In the selection of synonyma, regard has been
had to those names, which are best known and most employed in
this country. From the absence of synonyma, it is not to be infer-
red, that systematic writers have not mentioned the particular min-
eral. In describing the secondary and imitative forms of minerals,
a selection has been made of the most common and important.—
Much difficulty has been experienced in determining the correct
orthography of certain proper names. In most cases, the Universal
Gazetteer by J. E. WorcesTER has been adopted as a standard.

Most of the accounts of American localities have been received in

written communications, furnished expressly for this work, or have
been extracted from the publications of H. R. Schoolcraft, or from
the Journal of the Academy of Natural Sciences of Philadelphia, or
from the American Journal of Science, a work of the highest im-
portance to the cause and progress of Mineralogy and Geology.—
When two or more persons have communicated notices of the same
locality, the most complete notice has been sometimes selected,
and sometimes a condensed description has been prepsred from all
the notices; in the latter case, all the names are subjoined as
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anthority, although it is not to be understood, that each name is the
authority for each circumstance in the description. Sometimes,
indeed, one has furnished the greater part of the description, and
another added only a single circumstance.

Among those gentlemen, from whom the writer has received
accounts of localities, geological notices, or analyses, published in
this edition, are the following. In South Carolina, T. Cooper,
President of South Carolina College, Dr. T. D. Porter, and Pro-
fessor Vanuxem.—In Maryland, E. Debutts, R. Gilmor, esq. Dr.
H. H. Hayden, and Dr. G. Troost.—In Okio, C. Atwater, esq.—
In Pennsylrania, Mr. S. W. Conrad, Professor Coxe, A. E. Jessup,
csq. Dr. T. M’Even, Dr. 8. G. Morton, Mr. H. Seybert, C. L.

* Wister, and J. P. Wetherill, esqgs.—In New York, J. Delafield, esq.
Professor Douglass, Professor Eaton, Col. G. Gibbs, Professor S.
L. Mitchill, J. Pierce, esq. Rev. F. C. Schaeffer, and Dr. J. Torrey.
—In Fermont, Professor Hall.—In Connecticut, Mr. J. P. Brace,
and Professor Silliman.—In Massachusetts, Dr. D. Atkins, Professor
Dewey, Rev. E. Hitchcock, Dr. J. Porter, and Dr. J. W. Webster.
—In New Hampshire, Professor J. F. Dana.—In Maine, W. Allen,
President of Bowdoin College, B. Hale, Tutor in the same College,
and S. Thayer, esq.

To these gentlemen the author begs leave thus publicly to
return his thanks, and to express his particular obligations to
Dr. Hayden, J. Pierce, esq. Professor Silliman, Dr. Torrey, and
Dr. Webster.

In preparing this work, indiscriminate use has been made of
whatever appeared to be most important in the most recent system-
atic works on Mineralogy ; among which are those of Kirwan, Haiiy,
Brochant, Jameson, Hausmann, Lucas, and Brongniart. The works
of Humboldt, Spallanzani, and other modern travellers, the Reviews,
Literary Journals, and Transactions of literary socicties of England
and France have been consulted. '

Efforts have been made by the writer to ascertain the quantity
and value of the more useful minerals, which are annually obtained
in the United States. But the accounts are undoubtedly imperfect.
See the Articles Muriate of Soda, Marble, Anthracite, Chromate of
Iron, Sulphuret of Lead, &c.

An Appendix on Mineral Waters was intended ; but the requisite
information could not be obtained.

b
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Numerous facts have been collected for the Geological part of
this Treatise ; but it was found, that they could not be inserted
without unduly increasing the size of the work. They must, there-
fore, if ever published, be left for a separate volume.

In order to pursue, with pleasure and advantage, the studies of
Mineralogy and Geology, some previous knowledge of Natural
Philosophy and Conchology is important ; but an acquaintance with
the general principles and nomenclature of Chemistry is indispensable.

This preliminary knowledge of Cliemistry is, indeed, easily at-
tainable ; but, for the convenience of those, to whom the nomencla-
ture of chemistry may not be familiar, a vocabulary of cliemical
terms is subjoined to the second volume.

It will be seen, that the United States have furnished not only
some new varieties of minerals, but also a few species entirely new.

An acquaintance with simple minerals, or with Mineralogy, in
the more limited sense of this word, is prerequisite to the study of
Geology. To the student, therefore, who has acquired this prelim-
inary knowledge only, we may apply the lively remark of Haily in
the Preliminary Discourse of his Mineralogy ;— il n’a pas encore
vu la nature, mais il a regu des yeux pour la voir.’

Bowdoin College,
June 10, 1822.
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INTRODUCTION

THE STUDY OF MINERALOGY.
Sy

CHAPTER L

DEFINITIONS AND PRELIMINARY OBSERVATIONS,

1. Tue extensive field and the numerous objects, which Natural
History presents for our observation, render systematic arrangement
and division of labor absolutely necessary. By these means, each indi-
vidual is enabled to direct his attention to some particular class of bodies,
with ;dvantage to himself and the public ; and to pursue his favorite
path in- natura] science without that confusion and perplexity, which
the multiplicity of objects would otherwise produce.

2 Natural bodies may with great propriety be divided into two ex-
tensive classes ; organic and inorganic.

. 8. Organic bodies have a peculiar structure, which consists in the
possession of certain organs, on the proper action of which they depend’
for increase and perfection. This class embraces animals and vegeta-
bles; the former of which is distinguished from the latter by possessing
the power of voluntary motion.

4. Inorganic bodies, on the contrary, possess neither life, nor the
power of voluntary motion ; they are entirely destitute of organic struc-
ture, and suffer change from the influence of external agents only. In
this class we find minerals, and adopt the followihg definition.

5. Minerals are those bodies, which are destitute of organization,
and which naturally exist within the earth, or at its surface.*

6. Mineralogy is that science, which has for its object a knowledge
of the properties and relations of minerals, and enables us to distin-
gmsh. arrange, and describe them.

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

Oryctognosy (sgvzres yrw7is), which consists in the description of min-
erals, the determination of their nomenclature, and the systematic ar-

© The term fessil is usually appropristed to those organic sul , which have b
ed by earthy or metallie particles ; thmwenylhml-hell-,ﬁuulbne,fonuwood,&e. Someums.
however, the slteration, which these bodies have undergone in the mineral hngdon, is very slight,
Bat the eoasideration of fomils belongs more patticularly to geclogy. .
1




2 DEFINITIONS AND [Chap. 1.

rangement of their different species. It coincides very nearly with
mineralogy in its modern acceptation.

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

Geognosy (yn ywwois), which investigates the structure, position, and
rélative situation of minerals, as they exist in the earth; and indeed
every thing, which regards the mineralogical constitution of the crust
of this globe.

Geographical mineralogy, which informs us what minerals are found
in any particular section of the globe, and in what manner they there
exist. It bears the same relation to a portion of the earth, that geogno-
sy does to the whole.

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

The two branches, which have just been defined under the names
of oryctognosy and geognosy, involve some important distinctions, and
require further elucidation. But the names themselves, having been
nnneceasarily introduced into the English language from German writ-
ers, will, in this treatise, yield precedence to the terms Mineralogy and
Geology.

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

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

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

11. Now it is the simple minerals only, with which mineralogy, in )

the present acceptation of this term, is concerned. It is only this por-
tion of minerals, which it undertakes to describe and arrange. The
description of compound minerals or aggregates, including their mutual
relations, &c. constitutes the science of geology.

12. It must, however, be obvious, that an accurate knowlcdfre of
many of the simple minerals is absolutely necessary to a successful
pursuit of geological studies. The distinctions, which exist between
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different rocks, must depend on the nature of the simple minerals,
which enter into their composition, or on the mode of aggregation ; and-
the diversity of aspect, exhibited by compound minerals, even when
bearing the same name, is sometimes so great, as to render it necessary
very critically to examine the simple minerals, of which they are com-
posed. To a want of sufficient attention to this subject is undoubtedly
to be attributed many of the discordant observations and opinions of
different geologists, even when examining the same strata or mountain.

13. We shall conclude this chapter with a few observations on the
connexion of mineralogy with other sciences ; its rank, as a distinct
branch of science ; and the utility of mineralogical and geological
researches. . .

14. It is'not unfrequently necessary to call in the united aid of phi-
losophy, chemistry, and mineralogy to obtain a complete investigation
of the properties of a single mineral. In the examination of the same
body, they differ from each other by observing that body from difterent
points of view, and by taking cognizance respectively of different sets of
properties. The last two of these sciences, however, are the most in-
timately connected. ’

Itis but a few ycars since mineralogy could with any propriety
claim the rank of a science ; and for this claim she is principally indebt-
ed to the discoveries of chemistry. But, as if.elated by her own rapid
progress, she has, in several instances, refused to acknowledge the assis-
tance, derived from chemistry. The truth is, both sciences necessarily
concur to furnish us with the knowledge and description of minerals.

A chemist may ascertain the ingredients, which enter into the com-
position of a given mineral ; but he cannot inform us what he has ana-
lyzed, nor describe the subject of his experiments, without the assis-
tance of mineralogy. On the other hand, a mineralogist may detail
every external character of a mineral ; he may give it a name, and de-
scribe some of its relations to other minerals ; but he cannot inform us
what it contains, nor indeed designate some of its most essential and
important characters, without the aid of chemistry. Their connexion
will more strikingly appear in a subsequent chapter on the classification
of minerals. '

It is further to be remarked, that no inconsiderable share of chemi-
cal knowledge is a necessary prerequisite to render mineralogical pur-
suits either pleasant or advantageous.

15. From a superficial vicw of minerals in their natural depositories,
at or near the surface of the earth, it would hardly .be expected, that
they could constitute the object of a distinct branch of science. Noth-
ing appears further removed from the influence of established principles
and regular arrangement, than the mineral kingdom, when wbserved it
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SECTION 1,

Crystallography.

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

Crystallization and Crystals.

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

Let a quantity of muriate of soda (common salt) be dissolved in
water, and permit the solution to evaporate by a moderate heat; the
particles of the salt will separate from the water, unite, and form little
cubes, which float on the surface, till their increased weight causes
them to fall through the liquid. These cubes are called erystals. Oth-
er substances, when permitted to crystallize, also exhibit regular solids,
but of a different form. Thus the emerald presents the form of a hex-
aedral prism, and the garnet that of a dodecaedron with rhombic faces.

20. The ancients believed crystallized quartz (rock crystal) to be
water, congealed by exposure to intense cold; and accordingly applied
to it the term xgverarrsg, which signified ice. Hence the etymology
of the word, crystal. Now, as a beautiful regularity of form is ene of
the mbst striking properties of crystallized quartz, the name’ crystal
has been extended to all mineral and other inorganic substances, which
exhibit themselves under the form of regular, geometrical solids,

21. A crystal may therefore be defined an inorganic body, which, by
the operation of affinity, has assumed the form of a regular solid, termi-
nated by a certain number of plane and polished faces. The corres-
ponding faces of all crystals, which possess the same variety of form
and belong to the same substance, are inclined to each other in angles
of a constant quantity. ‘This constancy of angles remains even in those
cases, where the faces themselves, from some accidental causes, have
changed their dimensions or number of sides. Transparency, though
many crystals poesess it in a greater or less degree, is not a necessary
property. But plane surfaces, bounded by right lines, are so essential
ts the crystallina form, that their abeence decidedly indicates imperfec-
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tion in the process of crystallization. The lustre and smoothness of the
faces may also be diminished by accidental canses.
22. The property of crystallizing is by no means confined to a

. small number of bodies.. Nearly all the different species of simple

minerals, and some inorganic bodies of vegetable and even animal origin,
such as sugar, camphor, and spermaceti, have been seen in a crystalliz-
ed state. Most of the aforementioned substances are also capable of
exhibiting a variety of forms. It is exceedingly probable, that many
other natural bodies, not hitherto observed in the state of crystals,
would, under favorable circumstances, undergo a similar process.

23. The limits, prescribed to this introduction, will not permit many
remarks on crystallization, as a chemical process. It will be recollect-
ed, that affinity is of two kinds, homogeneous and heterogencous; the
former of which unites particles of the same kind ;" the latter, particles
of different kinds. Now it is evident, that the production of a crystal
essentially depends on the action of homogeneous affinity.

Solution in some fluid, as water or caloric, is 2 necessary prerequi-
site to crystallization. By solution, the particles of the body to be
crystallized are reduced to a state of minute division, separated from
each other, and permitted to move in the solvent with perfect freedom.
As solution takes place by the action of heterogeneous affinity, it is evi-
dent, that so long, as this continues to act with undiminished force on
the particles of the dissolved body, no crystallization can be effected.
It is therefore necessary to diminish the force of heterogeneous affinity,
and cause the dissolved particles to approach each other, still permit-
ting them to move freely and moderately among themselves. This may
sometimes be effected by simple cooling, as in the case of metals; but
to crystallize other substances, as most ofwthe salts, slow evaporation
and subsequent cooling are necessary.

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

24. It is evident, that the regular forms, which crystals exhibit,
must depend on regularity of form in the particles, which compose
these crystals, and on a determinate arrangement of these particles, at
the moment of combination. The particles, of which we now speak,
and which are undoubtefily the same, into which the body is reduced by
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solution, are called integrant particles. But we know that mere solu-
tion does not produce decomposition. Hence there are in bodies two
kinds of particles; integrant and elementary.

25. Integrant particlesare the smallest particles, into which a body can
be reduced without destroying its nature ; that is, without decomposing it.

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

Let a portion of the natural compound of sulphur and iron, called
sulphuret of iron or pyrites, be as minutely divided, as is possible,
without producing decomposition, and we shall obtain the integrant
particles ; each particle, although invisible and excessively small, will
be perfectly similar in its composition to the original mass, and will be
really a portion of pyrites. But, if the same mass of sulphuret of iron
be decomposed, we shall have its elementary particles, consisting of sul-
phur and iron. Possibly the sulphur and iron may both prove to be com-
pounds ; but this will not affect the integrant particles of sulphuret of iron.

In bodies really simple, the integrant and elementary particles are
evidently the same. It is also undoubtedly true, that the elementary
particles of bodies must possess a regularity of form, which is constant
in the same simple substance.

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

28. Both theory and observation induce us to believe, that the inte-
grant particles of the same substance possess the same form and dimen-
sions. Now it is obvious, that, if these similar particles always com-
bined in the same manner, all the crystals of any given substance would
exhibit the same form. ‘This however is far from being the case. It is
trye, indeed, there are many bodies, which have a determinate form,
under which each of them most frequently appears. Thus muriate of
soda usually presents a cube; the emerald, a hexaedral prism.

29. But the same species of minerals often presents itself under
very different forms, equally regular and well defined. Sulphuret of
‘lead (galena) appears at one time in the form of a cube, at another in
that of an octaedron. Carbonate of lime can exhibit a rhamb, a hexae-
dral prism, and a dodecaedron with triangular or pentagonal faces. TIn-
deed most bodies have several different forms,‘mder which they occa-
sionally appear.
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80. Frequeéntly the different solids, which the same substance pro-
duces, have no apparent resémblance. But, as all the particles of the
same substance have the same form, it is undeniable, that this strik-
ing differehce of form, observable in the crystals of amy one sub-
stance, must depend entirely on a difference of arrangement in the
Integrant particles. Thus the cubic particles of the sulphuret of iron can
80 arrange themselves, as to produce sometimes a citbe, sometimes an o¢-
taedron, and sorhetimes a solid, contained under twenty triangular faces.

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

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

82. In illustrating the theory of crystallization, it will be necessary
to describe the primitive forms of crystals and the methods of obtaining
them ; to ascertain the forms of integrant particles; to show in what
tnanner secondary forms are constructed on the primitive, and to inves-
hgate the laws of their formation.

Primitive forms,

* 88. Every substance, when crystallized, has a particular form, which
it actually exhibits, or on which, as a basis, all the other varieties 6f
existing forms, which belong to that substance, depend. Thus, if we
examine the various crystals of the carbonate of lime, we shall find them
either in the form of a rhomb, under given angles constantly the same,
or containing within them a similar rhomb, as a nucleus. This rhomb
may be extracted from the crystal, which contains it, by a certain ope-
ration, and js called the primitive form of the crystals of carbonate of
lime. All the other forms, which this substance presents, are called
secondary forms.

34. It is on the primitive, as a substratum, that the various sécon-
dary forms are constructed by different arrangements of the integrant
particles. Sometimes the primitive form is entirely concealed within
the secondary, while, in other cases, some of its original faces are still
visible ; but its angles, edges, or bases are modified by additional faces.

85. The primitive form is found to be invariable, and to give a
constant measure of its angles in all the crystals of the same substance.
Thus all the secondary forms of the garnet are reducible to a dode-
caedgog, whose sides e rhombs, inclined to each other at an angle
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of 120°, which is its primitive form. If the fluate of lime do not pre-
sent a regular octaedron, whatever form it actually exhibits may be
reduced to an octaedron, as its primitive form.

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

Nature of mechanical Division.

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

37. In some minerals the natural joints are very obvious, while in
others they are nearly or quite imperceptible. In different varieties of
the same species, the natural joints are not always equally distinct;
and even in the same crystal, the joints in one direction are often much
more easily perceived, than in another.—Thus mica and topaz yield
with ease to mechanical division in only one direction, and feldspar
in only two directions; while carbonate of lime and sulphuret of lead
exhibit natural joints in three directions,and fluate of lime in four.

In examining many crystallized substances, it is important to employ
-the bright light of a candle, by the reflection of which from the faces
of the laminee, the directions of the joints may be ascertained.>~When
the natural joints are very obscure, they may sometimes be discovered
by carefully examining a fracture, certain small portions of which may
exhibit a plane, smooth surface, which is, in fact, a part of some natura)
joint.—Sometimes also parallel strice appear, which, being the edges of
laminge, indicate the direction of some natural joint, and thus assist in
the determination of the primitive form.

38. Different methods, depending on the nature of the mineral, must
beemployed for mechanical division. In general, it is best effected
by applying a thin, sharp instrument of steel to the natural joints, and
causing it to enter by a delicate percussion. When the lamine easily
separate, the knife may be made to enter they joint by pressure only;

2
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and it is sometimes safer to hold the mineral between the fingers, tham
to support it on wood or metal~~Some of the hard and brittle minerals
yield most readily to the sharp edges of cutting pincers.

Some minerals, as the sulphuret of lead, easily separate at their
natural joints by a gentle and well directed percussion only ; and in
the same manner, an edge or solid angle may sometimes be removed.
Baut, in other cases, it is necessary to heat the mineral red hot, and
sometimes even to plunge it into cold water, by which fissures in the
direction of the joints are produced.

39. The faces of the crystal or nucleus, obtained by mechanical
division, as well as those of the separated lamine, are plane and smooth,
Ppossessing a greater or less degree of polish ; and are thus easily dis-
tinguished from the surfaces, which a common' fracture produces, and
which never exhibit all the aforementioned properties.

40. Many crystals are not susceptible of this kind of dissection.
This frequently arises from the great brittleness, or cohesion of the
laminee ; sometimes from other causes, but in no instance from any
thing, which appears inconsistent with the general theory of the struc-
ture of crystals. But, when the primitive form cannot be obtained by
mechanical division, it may.often be inferred with considerable prob-
ability from the secondary forms by calculation.

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

Letabcdefgh (PLI, fig. 1.) be a hexaedral prism of carbonate
of lime. Let a knife be applied to one of the sides of the prism, sup-
pose t u f g, in the direction of the line s r, not far from the edge ¢ u,
and parallel to it; let the knife be so inclined, as to make an angle of
45° with the face of the crystal. By gentle blows with a hammer, a
segment will be separated from this edge of the crystal, leaving on the
prism a smooth, polished, trapezoidal face m v r s, inclined both to the
base and the side of the prism in an angle of 135°. If a similar attempt
be made on the next edge u d, it will not succeed; either no impres-
sion will be made on the crystal, or 2 mere fracture will be produced.

Proceed to the third edge d ¢, and from this may be removed a
segment altogether similar to the one removed from the edge ¢ u ; the
trapezoidal face, remaining on the crystal, will be equally smooth, and
inclined both to the base and side of the prism in'the same angle of
185°. Pass to the fourth edge ¢ b, which is parallel to the first edge
t u, but no separation can be effected. Apply the instrument, as before
directed, to the fifth edge b a, parallel to » d, and here another segment
is obtained, leaving a smooth surface. Attempt a division on the sixth
edge a t, and nothing but a fracture will be produced.

Proceed now to the vther end of the prism. Let the first attempt
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he made to remowé the edge g f, paraliel to the edge # %, first operated
upon at the other extremity of the prism. Nothing can be here obtain~
ed, but a fracture. Repeat the attempt on the next edge fe, parallel
to the edge u d, which, at. the other extremity, refused to be sepa-
rated. A trapezoidal face i ! o p, entirely similar to the preceding
faces, obtained by division, will here be produced. Pass round the
prism; the alternate edges n y and % g will submit to a division, while
the'other edges e u and y k will be found refractory.

From an examination of the prism, thus far dissected, it appears,
that only the altermate edges at each end yield to a division; viz.
the first, third, and fifth edges,at one extremlty, and the second, fourth,
and sixth edges, at the other extremity, counung from the side, whose
edge was first separated. It further appears, that the edges, which, at
one end of the prism, are capable of being removed by mechanical di-
vision, correspond to those, which, at the other end, prove refractory.
The section i [0 p is parallel to the section, supposed to be made on
the edge a b; and the four remaining sections are also parallel, taken
two and two.

Mechanical division, thus far effected, has converted ‘the prism inte
a solid, contained under fourteen faces. The remainder of each side
of the prism is a pentagon; the remaining surface of each base is a

triangle ; and, by the removal of the edges, six new trapezoidal faces

are produced.

Let the division be continued by sections, parallel to those already
made. . It is evident, that the bases of the prism must gradually dimin-
ish, till they entirely disappear, and a new solid (Pl. I, fig. 2.) is obtain-
ed. This solid is a dodecaedron, exhibiting twelve pentagonal  faces,
8ix of these faces, of which s r i O w is one, are remaining portions of
the original sides of the prism ; and the other six, of which AIrsE
is one, have resulted from the division.

Continue the removal of lamine from the crystal in directions par.
allel to the preceding. The six pentagons, which, in the last figure,
terminated the solid, remain the same ; but the lateral pentagons grad-
ually diminish in length, till they are converted into triangles. The
solid is still a dodecaedron (PL. T, fig. 3.), but it is now bounded by six
pentagons and six triangles ; see the faces A I r s E, &c.and s r O, &e.

One step more will close the process. Continue to separate layers
from the crystal, as before, till the six lateral triangles vanish. No
part of the surface of the original solid is now visible. Instead of a
prism, we have a rhomb A B E K (Pl I, fig. 4.), bounded by six equal
and plane rhombs.

It hence appears, that this six-sided prism has natural joints in three
directions, paraliel to the sides of a rhomb, which, of course, is the
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primitive form of crystallized carbonate of lime. All the other varie-
ties of form, belonging to this substance, though exceedingly numerous
, and different from each other, yield, by mechanical division, a nucleus,
perfectly similar to the preceding, both in form and the measure of its
angles.* .

42. In the same manner, if the eight solid angles acd b, &c. (PL. I,
fig. 5.) of a cubic crystal of fluate of lime be remaved by a knife, placed
parallel to the diagonals of the faces, and inclined at an angle of about
. 544°, the same number of polished, triangular faces, of which e f g is
one, will be produced. By econtinuing to remove laminse, parallel to
the first section, the sides of the cube entirely disappear; and an oc-
taedron e i fg h (PL I, fig. 6.) with triangular faces is obtained, as
the primitive form. Each solid angle of the octaedron corresponds with
the centre of each of the faces of the cube. The laminw, separated
from the cube, are also susceptible of division. '

438. Tbhe primitive form is always divisible in directions parallel to
all its sides. But such a division can only diminish its size ; it can
never change its form. A cube, however frequently divided by sections
of ‘equal laminse, parallel to its sides, would remain a cube. Hence we
have a good distinction between primitive and secondary forms. The
latter are never divisible in directions, parallel to all their sides;
whereas primitive forms ave always divisible in directions, parallel to
all their sides, and frequently also in other directions.

44. The seven following solids have been obtained by mechanical
division, as primitive forms of crystals, viz.a cube; a regular tetrae-
dron ; a dodecaedron with rhembic faces ; an octaedron with triangular
faces ; a rhomb ; a four-sided prism ; and a regular hexaedral prism.

45. The aforementioned solids, by a variation in their angles, bases,
8&c. are capable of furnishing a very considerable number of distinct
primitive forms.—In the cube, tetraedron, and dodecaedron, the faces
of each being always equal and similar to each other, no variety can ex-
ist~—But the octaedron, which is a selid composed of two equal four-sided
pyramids, may be regular, having all its faces equilateral triangles, or
the two pyramids may be so depressed or elongated, as to render its
faces isosceles triangles, or it may be bounded by scalene triangles. The
common base of the octaedron may be a square, or rhomb, or parallel-
ogram, the last two of which may vary in regard to their angles—The
four-sided prism, which, with the rhomb and cube, is sometimes includ-
ed under the term parallelopiped, offers a great variety of priwmitive

* The reader will find the preceding example of mechanieal division strikingly illustrated, by pre-
paringa six-sided prism of soft wood, or, what is still better, of wax, or of 8 potatoe, and dividing it in
the manner already described for obtaining & rhornbic nucleus, Indeed the structure of crystals should
slways be studied with the assistanee of models, some of which should be composed of separable parts,
o il the interi ADng of the lamine. Itis only by the actual disseetion of solids, that *
the gradual pasage of one crystalline form into her can be well und d. (See Art.94)
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forms. Thus the prism may be right or obligue, according to the an-
gle, whether right or oblique, which the bases of the prism form with
its sides. 'The base of the prism may be a square, or rhomb, or paral-
lelogram, of which the last two may vary indefinitely, as to their angles,
Hence the prism may be rectangular or oblique-angled, according as
its sides meet each other under right or oblique angles; in fine, the
ratio between the sides of the base:and the height of the prism admits
variety.—The rhomb, which is a solid, bounded by six equal and sim-
ilar rhombic faces, may be acute or obtuse-in various degrees, and thus
exhibit different angles in different species, as in carbonate of lime and
tourmaline. A solid rhomb* may be suppesed to arise from two trian-
gular pyramids, applied base to base. The two solid angles, formed
by the meeting of three equal plane angles, will be the two summits or
vertices of this double pyramid. Each of the other six solid anglee of
the rhomb is also formed by the meeting of three plane angles, of which
oue is equal to an angle at the summits, and the other two are each
sopplementary to the same angle. The rhomb is said to be obtuse or
acute, according as each of “the plane angles at the summits is greater
or less than 90° ; and its axis is a line, connecting the two summits.—
The regular hexaedral prism may also vary in the ratio between the
beight of the prism and one side of the base.

46. Some of the primitive forms, however, are common to several
different substances. Muriate of soda and the sulphurets of lead and
iron have a cube; fluate of lime, the spinelle, diamond, and the red
oxide of copper, &c. have a regular octaedron.

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

Forms of the integrant Particles.

47. Mechanical division is not limited to the discovery of primitive
forms only. - These forms are still capable of division, and the ultimate
result is considered the form of an integrant particle. . We have already
remarked (43), that the primitive form is always divisible in directions
parallel to all its sides. But, if divided in this manner, it is evident
its form would not be changed ; and could we reduce it so minutely,
that any further division would involve a decomposition in substances
not really simple, we should then have obtained an integrant particle ;
but its form would be precisely the same, as that of the primitive crystal.

48. But, if the primitive form be also divisible in any direction or

* The rbomb is by sotne writers ealled a rhomboid, and Brochant has proposed the term rhombos-
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directions, not pavallel to any of its sides, it may evidently be resolved
into solids, whose forms are different from that of the primitive. This
is in fact the case with some of the primitive forms. Take, for exam-
ple, the primitive form of the stawrotide, which is a right prism (PI. I,
fig. 7.), whose bases a b ¢ d and | m n o are rhombs. If this be divided
by a plane, passing through-d b and o m, the shorter diagenals of the
bases, we shall ebtain two triengular prisms, which may be further di-
vided in directions, parallel to their sides, but in no other. We must
therefore conclude, that all the integrant particles of the staurotide
poesess the form of a triangular prism.

49. Even in cases, where the primitive form permits ne division,
except in directions parallel to its sides, the integrant particles will
sometimes be found to possess a form, unlike that of the primitive.
The phesphate of lime furnishes an example. Its primitive form is a
regular hexaedral prism. Leta bcdef (Pl I, fig. 8.) be one of the
bases of this prism. If a division be made by removing lamine in di.
rections, parallel te the three alternate sides a b, ¢ d, ¢ f only, the salid
will be reduced to a triangular prism g h i, which, being incapable of °
division, except in directions parallel to its sides, is the form of an in-
tegrant particle of the phosphate eof lime. In the figure, the lines of
division are extended over the whole base, for the purpose of rendering
it obvious to the eye, that the hexaedral prism is an aggregate of a cer-
tain number of integrant particles in the form of triangular prisms.

50. The forms of integrant particles, hitherto observed, are five,
viz. 8 cube; a rhomb ; a four-sided prism ; a tetraedron ; and a frian-
gular priom.

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

52. From these five forms of integrant particles proceed, by differ-
ent modes of combination, the aforementioned primitive forms of crys-
tals (44). The preceding examples of the staurotide and phosphate of
lime show how two different forms, a right prism with rhombic bases,
and s regular hexaedral prism, may be composed of integrant particles,
baving the form of triangular prisms.

58. It has been already remarked (28), that all the integrant parti-
cles of the same substance undoubtedly possess the same form and di
mensions. Now, if integrant particles have but five forms, it would

® On this subjeet, however, some differesce of opinion exists, It is contended by some Philosophers,
that the structure of crystals and their mechanical division may be explained on the suppesition, that
the integrant particles have the form of spheres or spheroids.
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seem, that the eame form wmst be common te many different -substan-
ces. It is true, that, in some instances, different minerals have inte-
grant particles of precisely the same form in all respects. Bodl ma-
riate of soda and sulphuret of lead have a cube.

But it appears from the results of mechanical division, comhned
with calculation, that, in a large number of the different species of min-
erals, each species has integrant partioles, whese form is peculiar to
itaelf. It may then be asked, how cen it be eaid, that the number of
forms is only five. The varieties, however, which these five forms are
capable of producing, will be obvious, if we censider how many modi-
fications the angles of the same form may undergo, and the various
. proportions, .which may be made to exist between the dimensions of

different faces of selids, bearing the same name. Thus the rhomb may
vary indefinitely in its angles ; the base of the four-sided prism may be
a square, or a rhomb, the latter of which may also exhibit a great
variety of angles; the base of the triangular prism may be isosceles or
equilateral ; and the ratio between the sides of the base and the height
of the prism may serve to distinguish particles, which in other respects
possess the same form.

54. This constancy of form in the integrant particles of the stmé
substance is a character of very considerable congequence in the exam-
ination of minerals. It often enables us to recognise a mineral, which,
by accidental causes, may have its usual characters very much altered
or disguised. For amidst the various coloring watters and other acci-
dental ingredients, which are often found in different individuals of the
same substance, its integrant particles and the nucleus of its crystals re-
tain the same form.

Structure of secondary Forms.

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

The planes, in which these lamine of superposition are applied to
¢ach other, are always parallel to the faces of the nucleus, and consti-
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tute, as we have seen (36), the natural joints of the crystal. It seems
then, that the integrant particles first combine to produce the primitive
form, and are then so arranged around this nucleus, as to produce the
secondary forms. i

56. It is important to remark, that even in those crystals, whose
integrant particles are tetraedrons or triangular prisms, these flarticles
are so arranged in the interior of the crystal, that, if taken in groups of
twe, four, six, or eight, they constitute parallelopipeds ; so that in fact
in every secondary form, the decrements may be supposed to be effect-
ed by abstracting ranges of little paralielopipeds. Thus it is obvious
(P11, fig. 8.), that any two contiguous triangles compose a rhomb,
which may be viewed as the base of a parallelopiped.

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

Decrements on the edges ; in this case the ranges of particles are
abdtracted from the edges of the lamins in directions, parallel to the
edges of the nucleus. ) .

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

Intermediate decrements ; these are made paraliel to lines, interme-
diate between the diagonals and edges of the nucleus.

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

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

58. The structure of secondary forms is best explained by one or

“two examples. .

Let the cubeabcolfg (PL 1, fig. 9.) be the given nucleus, on
which a secondary form is to be constructed, according to the first law
of decrement. Let this cube be composed of 4913 cubic particles.
Each face of the primitive, as a b ¢ o, will exhibit 289 of these small
cubes, and of course each side of this face will present 17 cubic parti-
des. LetL,M,N,O,P, R, S, T (Pl fig. 10.) be laminee, composed
of cubic particles, each cube being equal to one of those, contained in

. the nucleus. Each of these laminee is successively diminished by the
abstraction of one row of particles from all its sides ; so that the num-
ber of particles, contained in each gide, forms the decreasing series 15,
18, 11,9,7, 5,8, 1. In this series the common difference is two, be-
cause one range of particles is taken from each side of each lamina ;
there will of course be eight lamine, the last being a single cube oaly.
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Let the lamina L (fig. 10.) be applied to the face a b c o of the prim-
itive form (fig. 9.), so that the letters r, s, ¢, u, at the angles of this la-
mina, shall correspond with the same letters on the face of the nucleus.
The sides of this lamina will be parallel to the edges a b, b ¢, &c. of the
cube ; but the lamina itself will evidently be less, than the face, on
which it is deposited, by one row of particles on each side.

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

It must also be obvious, that, if the six solid angles d, e, &, &e.
formed by the meeting of four plane angles, be removed by mechanical
division, a cubic nucleus will remain.

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

The effects, however, of these decrements are not always invisible.
It is not very uncommon to find the faces of secondary crystals, ex-
hibiting striee or little channels in the direction of the decrement, as
on some trapezoidal garnets. ‘This circumstance, although arising from
imperfection in the process of crystallization, forms a striking proof in
favor of the theory we are now illustrating, and sometimes may assist
to determine the form and position of the nucleus. Some caution,
however, is requisite in employing this character; for it is possible, that

strise may appear on secondary forms in directions, which do nof cer-
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pyramid will be erected on this face. But, the lamine baving at first
increased and then decreased, each face of the pyramd will be a quad-
rilateral L Z Q C (Pl. II, fig. 10.), formed by the union of two triangles
at their bases. We shall consequently have twenty four similar and
equal quadrilaterals, formed upon the six faces of the primitive cube.
All these new faces form equal angles with that face of the nucleus, on
which they stand. Consequently the three quadrilaterals, about any
one solid angle of the primitive, are in the same plane, and, by their
union, constitute an equilateral triangle I Z N, as in PL II, fig. 11.
Now, as there are twenty fopr quadrilaterals, united three and three in
oue plane, the secondary crystal is contained under eight equilateral
triangles, and is a regular octaedron ; the centre of each face corres-
ponds to each of the solid angles of the nucleus. Sulphuret of lead
furnishes an example of this structure. Hence, if the six solid angles
of a secondary octaedron be removed, and the division continued by
separating laminee, parallel to those first removed, a cube is ultimately
obtained, as the primitive form.

66. In the case of decrements on the angles, the lamiue, which
compose the secondary faces, do not present their edges to view, as in
the former example (60) of decrements on the edges; for here the solid
angles of the integrant cubes meet the eye. The faces of this seconda-
ry octaedron are therefore really composed of an infinite number of
angular points, which, on account of their extreme minuteness, exhibit
a smooth surface.

67. Had the process of crystallization, in the present example,
closed before the several pyramids had reached their vertices, the se-
condary form would have been that of a solid with fourteen faces ; six
of them being squares, parallel to the sides of the cube, and the re-
maining eight being parts of the faces of the unfinished octaedron.

68. The four laws of decrements already mentioned (57), when we
consider the numerous modifications, to which they are subject, will ap-
pear amply sufficient to produce that vast variety of secondary forms,
which has been observed. Thus these decrements may take place on
all the edges, or all the angles at once ; or only on some of the edges,
or on some of the angles; they may consist uniformly of one, two, or
three ranges of particles ; or they may vary from one angle or from one
edge to another ; they may exist at the same time on the angles and
edges ; in fine, two different laws of decrement may be successively
applied to the same angle or edge.

It is seldom, that decrements take place by more than two ranges
of particles ; yet, within these limits, it appears from calculation, that
carbonate of lime may assume 2044 different forms ; and, if the calcu-
lation extend to decrements by three and four ranges of particles, the
same substance may have 8,388,604 distinct forms.
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69, To assign the canses of the preceding modifications, or even of
secondary forms in general, is, in the present state of our knowledge,
impossible. The nature of the solvent, the presénce of foreign ingre-
dients, or even an undue proportion of an essential imgredient of the
crystallizing body, may undonbtedl; exercise some influence on the
arrangement of the particles.

This subject has been recently investigated with much ingenuity
by M. Beudant.* It appears, that a foreign substance, although exist-
ing in a state of mixture only, may modify the crystalline form ; and
that in some casesy it tends to render the form more simple, by pre-
venting the existence of additional faces. Thus the same specimen
sometimes exhibits, on one side, crystals of axinite in simple parallele-
pipeds, containing chlorite, while, on the other side, it presents similar
parallelopipeds of axinite, free from chlorite, but modified by addition-
al faces. The siliceous carbonate of lime from Fontainbleau is almost
always in simple rhombs.

The crystalline form may also have been modified by the gangue,
which countains the crystal, and by accompanying minerals of contem-
poraneous formation. Thus at Traverselle, in Piedmont, crystals of
magnetic oxide of iron, occurring in three different: minerals, very near
to one another, exhibit different forms ; in serpentine, they are simple
octaedrons; in augite, they are octaedrons with truncated solid angles ;
and in steatite, where they are accompanied by carbonate of lime, they
assume the form of dodecaedrons with rhombic faces. Some minerals,
as augite and arragonite, when taken from similar gangues, although
in different localities, often exhibit similar modifications of the crys-
talline form.

It will be interesting to ascertain, by numerous obeervations, wheth-
er any constant relation exists between the secondary forms of crystals
and the foreign matter, which these crystals contain, or the gangues,
in which they are found, or the minerals, which accompany them.

But, whatever may be the causes of a particular secondary form,
they are often quite extensive. For it is frequently the case, that se-
“condary crystals of any given substance, taken from the same vein or
repository, or even from the same range of mountains, have the same
form ; while crystals of the same substance, taken from another place,
exhibit a secondary form of a different kind, but uniform in that par-
ticular repository.

70. We cannot indeed demonstrate that secondary forms are actual-
ly produced in the manner, which the theory supposes.t It is however

® Ann, de Chim. et de Phys. tom, viii, 6,

1 It ean hardly be necessary to state, that mineralogy ¥ indebted to the Abbé Hauy, of Parks, for
the system of erystallography bere given ; more especially for the actuat discovery of primitive forms,
the details, which relate to sceondary forms, and the applieation of this theory to a great proportion of
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no inconsiderable argument in its favor, that all calculations, founded
on it, give results perfectly conformable to observed facts. The quan-
tity of an angle, obtained by calculation, is verified by actual measure-
ment on the crystal. The theory can determine what forms it is pos-
sible for the same body to assume ; and of course enables us to say of
any particular form, it does, or it does not belong to a given substance;
or that this substance can or cannot assume a given form. We are
hereby furnished with some important assistance in the discrimination
of crystallized minerals, viz. an appeal to the forms and structure of
their crystals. In fine, this theory is a very interesting application of
the principles of geometry to the analysis and synthesis of various sol-
jds. It shows us, that a crystalline structure is to minerals in some
degree what organization is to vegetables. -

71. The theory, we have just considered, does indeed extend only
to the structure of the erystal, which is to-be considered, as an aggre-
gate of similar particles, havinga determinate arrangement ; it presumes
not to explain the mode of formation.

It may however be remarked, that it is not necessary to suppase,
that the primitive form always reaches the size of that, which we extract
by mechanical division, before the application of the laminee of super-
position. Indeed we find very minute crystals equally perfect in their
structure with those of the same kind, that are larger. Is it not then
possible, that the secondary form may be often completed soon after
the commencement of crystallization, and afterwards increase without
changing its form ? :

72. According to the experiments of Mr. Daniel, regular forms may
be developed in amorphous, crystalline substances by a partial solution
of the mass. Thus, when an amorphous mass of alum is suspended for
geveral weeks in a quantity of water, not sufficient to produce com-
plete solution, it will assume a pyramidal form, and the lower part of
its surface will exhibit, in high relief, the crystalline forms, of which
the mass is composed. He also obtained similar results by immersing
some of the earthy salts and of the pure metals in diluted acids.—A
similar conclusion may be drawn from the optical properties of some -
amorphuus, crystalline minerals.

Goniometer.

73. It has already been remarked (21), that crystals, which possess
the same form, and belong to the same substance, give a constant meas-
ure of their angles ; it is hence true, that crystals of the same form, but
belonging to different substances, may, in most instances, be distinguish-

the crystals hitherto obeerved. Bergman snd Romé de Lisle had previously drawn sorae of the outlines.
See Traité de Minéra.ogie, par Hauy, Also Dieti ire des Sci N, 1les, article Cristallisation.
Alse Introduction to Solid G ¥y by N. S. Larkin, .
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ed by the measure of their angles, which, though constast in the same
substance, is different in different substances, even when 'possessing the
same form. It must then be a matter of great importance to ascertain
with accuracy the quantity of any required angle. The importance of
such measurements will be more striking, when we consider, that the
same substance sometimes presents crystals, which fall under the same
general name, but which are produced by different decrements, and
differ in the measure of their angles, by which alone, however, they
must be discriminated. Thus the carbonate of lime yields different
secondary forms, which come under the name of a rhomb. Indeed
different forms sometimes so nearly resemble each other, that they can
hardly be distinguished by the eye, as in the case of a very obtuse
rhomb and a cube.

74. This accurate measurement of crystals is effected by an instru-
ment, called a goniometer (y#ra parger), a measurer of angles.

The common goniometer, invented by M. Carangeau, consists of a
brass semicircle a b d (Pl Il, fig. 12, A.) graduated into 180°. A thin
plate of brass extends from d to a ; or, more frequently it extends only
from d to a point a little beyond the centre c. The centre of this semi-
circle ¢ is made the centre of motion of two steel arma d gand i &,
which, at the extremities g and X, are reduced to a point, that they
may more conveniently be applied to a crystal ; and, for the same rea-
son, beth arms are made to slide on the pin, which passes through the
centre. By being-thus enabled to vary the length of the arms at pleas-
ure, the inconvenience, arising from the gangue, or adjoining crystals,
may be avoided. The arm d g is usually confined near d by a pin,
while thearm i k remains moveable about the centre.—A hinge is some-
times placed in the semicircle at b, by which the quadrant a b may be
occasionally folded back on b d, that it may not interfere with adjoining
crystals.

If the two inner edges of the steel arms, near the points g and k,
be carefully applied to the planes of two contiguous faces of a crystal,
the arms being held perpeadicular to the edge, formed by these two
faces, we shall evidently obtain the angle, which the two aforementioned
faces make with each other; for it is equal to its vertical angle, and
measured by the arc, contained between the two arms, at their extrem-
ities i and d.

The arms of the goniometer are sometimes distinct from the semi-
circle, as in P1. 11, fig. 12, B. The measurement is effected in the man-
ner already described ; and the arms are then applied to the semicircle
to ascertain the angle. This mode is convenient in very acute angles.

In employing this instrument, it is essential, that the two arms
should be applied with great accuracy to the two planes, which contain

L
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the angle to be measured. Indeed this adaptation of the instrument
to the faces of the crystal should be so exact as to exclude the passage
of the light, provided the planes of the crystal are sufficiently regular
for this purpose ;—and, for observing this adjustment, a magnifying
glass, supported at a suitable height above the table, is convenient.

75. The reflecting or optical goniometer, invented by Dr. Wollas-
ton, is capable of great accuracy in its measurements. The quantity
of the angle is determined by rays of light, reflected from those two
faces of the crystal, or crystalline mass, which contain the angle. It

. consists of a vertical wheel or circle with a graduated circumference.
The axis of this wheel is perforated in a horizontal direction, and
through this perforation passes a moveable axis, to which the crystal is
attached. When the position of the crystal is so adjusted. by this
moveable axis, that one of the sides, containing the angle to be measured,
reflects its light to the eye, the circle is turned, till the other side is
brought into the same position ; and hence the inclination of these two
faces is measured by the arc, through which the zero or index of the
vertical circle has passed.

"This goniometer is peculiarly useful in cases, where the planes of
the crystal are very small, or where the surface of the laminee, produced
by mechanical division, is somewhat imperfect; for the most minute
portions of those laminee, which are parallel to each other, though not
in the same plane, reflect the light at the same moment.

76. Tt appears from experiments with the reflecting goniometer, that
the planes of small crystals are, in general, more perfect, than those of
large crystals. But, according to Phillips, the planes, produced by
mechanical division, when they are sufficiently brilliant, yield more
accurate and uniform results, than can be obtained from the natural
surfaces of even small crystals.

Each of the aforementioned goniometers possesses some peculiar
advantages. The use of the common goniometer is the more rapid and
convenient ; and its measures are sufficiently accurate to enable us to
refer a crystal to the known variety of form, to which it belongs, or even
to determine a new variety. According to M. Haiiy, who has long
been expert in the use of this goniometer, its results, when carefully
obtained from the planes of the best crystals, will not deviate more than
20’ or 30’ from the truth.—When great accuracy in the measurement

ired, the reflecting goniometer is undoubtedly to be preferred.
riew of the preceding remarks, it will not appear surprising, that

es of angles, taken on the natural planes of different crystals of-

« species and belonging to the same variety of form, should dif-
a degree or more; especially if different goniometers are em-

Crans, Geol. Soe. vol. iv, p. 341, Also Annals of Philosophy, vol. xili, ps 413.
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77. Hitherto, in our remarks on crystallization, we have supposed
the results to be perfect crystals. But the numerous imperfections,
which crystals so frequently exhibit, clearly indicate a very considera-
ble degree of disturbance in the process of their formation. This dis-
turbed crystallization is productive of various modifications in the
shapes of crystals, or even entirely prevents the appearance of a crys-
talline form.—These imperfect results of crystallization sometimes
assume a particular form, resembling that of some well known object;
and have hence received distinctive names. (See Imperfect crystals,
Art. 95.) .

In cases, where the crystalline form has entirely disappeared, a
fibrous or lamellar structure of the mass may still indicate, that the mine-
ral has been formed by a very disturbed crystallization. Evensuch masses
sometimes exhibit external forms, resembling some familiar objects, and
have hence received particular names. (See Imitative forms, Art. 123.)

Description of Crystals.

78. For the purpose of describing and distinguishing minerals,
crystallography furnishes two kinds of characters. One is derived from
the actual forms of crystals; the other from the internal structure,
and may obviously be extended to laminated masses, not possessed of
regular forms. )

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

79. Crystals may be described, either by the assistance of a diagram,
or by employing certain well defined terms, capable of conveying an
adequgte idea of the solid intended. The use of a diagram is attended

.

with many obvious advantages. It enables us to refer with ease to a

particular angle or side. Indeed when the form is very complex, mere
description is tedious, even when sufficiently intelligible; whereas
a figure conveys at once a correct, general idea of the form of the crys-
‘tal. In all cases, however, the exact quantity of the most important
angles should be mentioned ; or of so many of them, at least, as may
be necessary to prevent mistake.*
80. If a crystal exhibit the form of any geometrical solid, known by
a particular name, as a cube, or a regular tetraedron, or octaedon, it is
easily described ; it is sufficient to name it. But, when a definite idea
of the form of a crystal cannot thus be conveyed, some other method
must be employed. And probably no mode is attended by so many
advantages, as that, in which a clear, short, and technical description of
® Some mineralogists designate the angles of erystals, as right, acute, or obtuse, and qualify the
two last by some general terms, expressive of the degree of obliquity. But it appears from previ
remarks (73), that this can assist but little in discriminating forms, which much resemble each other.

T"'Wnyuﬁﬁth certain parts very edtuse angles, and yet thess angles may uniforunly differ
by a certain quantity, insensible to the eye.
4
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the form, including accurate measures of the most important angles, is
combined with a diagram. .

81. For accurate definitions of the terms, now geverally employed
in the description of crystals, mineralogists are much indebted to the
celebrated Werner. This mode of description is founded on certain
assumed principles, and essentially consists in supposing the crystal to
possess what is called a predominant form; and that this predominant
form has undergone certain alterations, till it has acquired the actual
form, intended to be described.—Or, in other words, this mode of des-
cription selects certain simple forms, as standards or models; with
these it compares the more complicated forms, and points out, by brief
and appropriate terms, in what respects they differ from the more sim-:
ple forms, to which they are referred.

82. It is important to premise, that this method of describing crys-
tals is, in general, entirely artificial ; that the assumption of certain
predominant forms has no necessary connexion with the primitive form,
or the manner, in which crystals are ac¢tually formed; and that these
alterations in the predominant form are merely supposed to exist,—for
a crystal, viewed aé a whole, always increases during the period of its
formation.

No inconvenience, however, results from this mode of describing
crystals. On the contrary, it enables us to express, in few words, a
precise and intelligible description of the actual forms of crystals. Thus,
when the form of a crystal is said to be an octaedron, truncated on all
its edges, the mind receives a definite idea of the actual form. Itis
not, however, understood, that these truncating faces have been pro-
duced by the removal of the edges, but by the application of decreasing
laminge to the faces of an octaedron, viewed as the primitive form.

83. By the predominant form of a crystal is intended that geomet-
rical form, to which the given crystal most approximates. Thus the
solid (Pi. 11, fig, 13.) most resembles a cube ; but it has lost a segment
from each of its solid angles, and from each of its edges; or each edge
and each solid angle is said to be replaced by one face. The solid (Pl.
11, fig. 17.) most resembles a prism ; but its extremities exhibit pyramids.
In the two preceding examples a cube and four-sided prism are respec-
tively the predominant forms. The appearance of a crystal may be still
more removed from that of the predominant form by further alterations.

84. The number of predominant forms may be conveniently reduced
to the following six ; and of these, the first three are of the most fre-
quent occurrence—These forms are a prism, which may have an indef-
inite number of sides, varying from three to twelve or more, but being
usually only four or six—the sides of the prism are parallel to its axis,
an imaginary line, passing longitudinally through the middle of the



Sect. l.j DESCRIPTJON OF CRYSTALS. ¥

prism from one extremity to the other ; a hexaedron, a solid, contained
under six equal planes, and embracing the cube and rhomb ; a pyramid,
containéed under three or more planes or sides, which converge from its
base, and meet in one point, called its vertex or summit; a dodecaedron,
having twelve pentagonal faces; adodecaedron, contained under twelve
rhombic faces; and an icosaedron, having twenty triangular faces.—A
very short prism is sometimes called a table, or tabular crystal.

As the hexaedron includes the cube and rhomb, and as the pyramid
embraces the tetraedron, octaedron or double four-sided pyramid, and
double six-sided pyramid, the predominant forms may be thus enume-
rated, viz. a prism, cube, rhomb,.tetraedron, octaedron, triangular do-
decaedron, pentagonal dodecaedron, rhombic dodecaedron, and icosae-
dron.—A trapezoedron, or solid, bounded by twenty four equal and
similar trapeziums, is sometimes added to the list of predominant forms.

In describing these solids, and their various modifications, the faoes,
edges, and solid angles must receive attention.

85. The straight lined plane surfaces, by which crystals are bound-
ed, are called planes or faces ; and, when very minute, facets.—An edge
is the line, formed by the meeting of two planes.—When three or more
planes meet in one point, they form a solid angle.

A prism may be right or oblique, according to the relative position
of its bases and sides; and it may be rectangular or oblique-angled, ac-
cording to the angles, at which its sides meet each other. (See Art. 45.)

Some of the predominant forms admit a distinction both of their
JSaces and edges into lateral and terminal.

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

The terminal faces of prismatic crystals are the planes, which form
their extremities, and which are usually called the bases of the prism,
as P, P in fig. 14; and the terminal edges surround the bases or termi-
nal faces, as a ¢, ¢ d in the figure last mentioned.

When the prism exhibits a tabular form, as in Pl. II, fig. 15, some
mineralogists denominate P a lateral face, a b a lateral edge, M, M ter-
minal faces, and c d a terminal edge.~This mode of distinguishing
the faces and edges of tabular crystals, the reverse of that employed,
when the crystal has any considerable length, is both perplexing and
unnecessary. A table, as hefore remarked, may be considered a very
short prism, and its several parts denominated in the same manner,
as those of a longer prism.—When a tabular crystal is bevelled on its
lateral or narrow faces, it may, without impropriety, be considered a
double pyramid, whose summits are very deeply truncated.
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A long, straight, and slender prism is sometimes said to baneiculcr,
like a needle. -

When all the faces of ‘a prismatic -crystal are not equl they are
sometimes alternately wide and narrow ; aud the opposite faces of the
prism are more frequenﬂy equal than the contiguous faces.

87. A pyramid is said to have a base and lateral faces only; md
its lateral edges all meet at the vertex~~Crystals sometimes present
the form of a simple pyramid, as the tetraedron. More frequently,
however, the pyramid is attached to one or both of the bases of a prism,
as in PL II, fig. 17; or the crystal is considered as composed of two
equal and similar pyramids, applied to each other at their bases, thus
forming a double pyramid with a common base, as in PL. III, fig. 33 and
87. The verticea of a double pyratmd are also called its summits, and
a line, connecting the summits, its axis.

Thus an octaedroh is sometimes described as a deuble four-sided
pyramid, having a common base at the junction of the two pyramids.
8o also a dodecaedron with triangular faces may be called a double
six-sided pyramid, and its faces may be either isosceles or scalene tri.
angles—Indeed a rhomb is sometimes described as a double three-sided
pyramid, whose summits are the two opposite solid angles, which are
. formed by three equal plane angles.—The edges of the common base
of a double pyramid are sometimes in tie same plane, and sometimes
they form a zigzag line. (See Pl. 111, fig. 37, 16, and 17.)}—A double
pyramid may sometimes appear to be single, when the prism or other
pyramid, to which it belongs, is imperfectly formed, and concealed in
the mineral, to which the crystal is attached. -

- 88. Some solids do net admit a distinction of their faces and edges
into lateral and terminal. Such are the cube and dodecaedron with
rhombic faces, both of which solids have all their faces and edges equal.
In regard to the two last mentioned solids, there is, indeed, but little
occasion to distinguish any particular edges or angles; for it is usnally
the case, that, when any modification i applied to one edge or solid
angle, it is also applied to all the edges or solid angles. A similar re-
mark may be extended to the regular octaedron, and tetraedron.—It
is, in fact, very frequently the case, that similar modifications are
found on similar or corresponding parts of all the predominant forms.

In the rhombic dodecaedron, the inclination of any two contiguous
faces is 120°.—In the regular ogtaedron, the angle at the common base
is 109° 28’, and the inclination of any two opposite planes at the sum-
mits is 70° 32"

89. We are now to describe the several alterations, to which the
predominant form may be subjected. These are three; truncation,
beve!ment, and acumination or terminatign. By each of these supposed
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alterations, new faces are preduced on the crystal ; and their inclination
to the contiguous faces may be meisured by a goniometer.

90. Truneation. This very frequent alteration supposes a segment.
to have been cut off or separated from some part of the predominant
form. A truncation may be applied either to an edge or a solid angle
of a crystal, and will evidently exhibit a face move or less large in place
of the edge or angle, as a, a and b, b (Pl II, fig. 13.), where each edge
and each solid angle of the cube is replaced by one small face.

A truncation is sometimes very slight, scarcely changing the general
Jorm of the crystal; and sometimes it is more or less deep, producing
great alterations in the predominant form. Or, in other words, an edge
or a solid angle of the predominant form may be replaced by a small
or by a large face—~If a four-sided prism be truncated on two lateral
edges, it becomes a six-sided prism ; if on all its lateral edges, it is con«
verted into an eight-sided-prism. Slight truncations on the eight solid an-
gles of a cube scarcely alter its cubic form ; but, when the truncations be-
come very deep, the cube passes to an octaedron. (See Art. 42.) Soalse
when the two summits of a double pyramid are very deeply truncated,
that is, very near to the common base of the two pyramids, the crystat
becomes a table, bevelled on its narrow faces; as may easily be conceiv-
ed by supposing the truncations in Pl. V, fig. 12 to be very near to the
common base. A truncatioh is said to be oblique, when the new face
does not make equal angles with the contiguous faces.

91. Bevelment. A bevelment may be applied to a lateral or termi-
nal edge, or even to a terminal face, or a solid angle. It supposes the
removal of two contiguous segments from the edges, angles, or terminal
faces of the predominant form, thereby producing two new faces, as r, r
(PL II, fig. 16.), inclined to each other at a certain angle and forming
an edge ; in this figure the cube is beveled on all its edges, or, in
other words, each edge of the predominant form is replaced by twe
faces—Thus a three-sided prism, bevelled on its lateral edges, becomes
a nine-sided prism.~When a terminal face is bevelled, the twe planes
may stand either'on the lateral faces or lateral edges. "A truncation,
or a second bevelment, is sometimes applied to the edge, produced’ by
the first bevelment. Hence the edges of the predominant form may
sometimes be replaced by three or by four new faces. ¢

The degree of alteration, produeed by a bevelment, may be express-
ed in a general manner by saying slightly or dfeply bevelled. A bevel-
ment, applied to the terminal face of a prism, is said to be oblique,

when its edge forms an oblique angle with the axis of the prism.

«92. Termination or acumination. When a pyramid is united to
"one or both of the terminal planes of a prism, that prism is said to be
terminated by a pyramid, as a b c d (Pl. II, fig. 17.) Sometimes alse
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a termination is said to be applied to a solid angle, as g, ¢, « (P1. IL. fig.
18.) In the latter case, however, the angle may be described with more
simplicity, as replaced by three faces, converging to a point. The faces
of the terminating pyramid may correspond to the lateral faces, or the
lateral edges of the prism. Sometimes the faces of the terminating
pyramid correspond to the alternate lateral faces or edges of the prism ;
and sometimes also to both alternate and different faces or edges, at the
two extremities of the prism. The edges of these pyramids are calted-
the lateral edges of the termination. Sometimes two opposite faces of
a pyramidal termination are so much wider than the others, that the
pyraniid terminates in an edge, instead of a point, and is said to be
euneiform, like a wedge.

The summit and edges of a terminating pyramid are sometimes
truncated ; and sometimes the summit is replaced by a second pyra-
mid, as in PL Ifl, fig. 17. ‘The truncation on the summit of the termi-
nating pyramid may be slight or very deep.- In the latter case, the form
may resemble that of a prism, deeply truncated on its ternfinal edges.

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

94. Connexion between different crystalline forms. 1t is peculiarly
important, in the examination of crystals, to attend to those modifica-
tions, by which one predominant form passes to another. These passa-
ges result chiefly from truncations. It has already been remarked (90),
that slight truncations may exist on the angles and edges, without af-
fecting the general form of the crystal ; and also that, when these
truncations become very deep or extensive, the original faces are much
diminished, and the form of the crystal is greatly changed.

It riust be equally obvious, that, if these truncations are continued,
till the original faces of the crystal entirely disappear, a new predomi-
nant form will be produced ; and thus one form may be sald gradually
to pass into the other.

Thus, if equal segments be repeatedly taken by a knife from the
six solid angles of a regular octaedron, till the original faces disappear,
a cube vnll be produced. Butif equal segments be taken, in a similar
manner®from the twelve edges of a regular octacdron, the result will
be a dodecaedron with twelve rhombic faces. IF a similar process be
applied to those eight solid angles of the aforementioned dodecaedron,
which are formed by three plane angles, an octaedren will be obtained.

8o also, by continuing the process, till the original faces of the crys-
tal disappear, a cube, truncated on its edges, passes to a dodecaedren ;
but, if truncated on its solid angles, it becomes an octaedron ; a rhomb,

cated on six of its edges, passes to another rhomb, but with differ-
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ferent angles ;—a four-sided prism, truncated on its terminal edges, may
become an octaedron ;—and a rectangular prism may proceed from a
four-sided prism with rhombic bases, by truncations on the lateral edges.

Some species of minerals, as the fluate of lime, exhibit the octaedron,
cube, and dodecaedron with their intermediate varieties, or passages
from one form to the other.

95. Inperfect crystals. It has already been stated (77), that the
forms of crystals are frequently more or less imperfect. Hence the
difficylty in obtaining insulated crystals, perfect in all their parts.

These imperfections must be attributed to some disturbing force,
which operated at the moment of crystallization. Sometimes this dis-
turbance manifests itself by giving an undue extent to some of the
faces, while others are thus rendered nearly or quite imperceptible.
Thus, when a prism is terminated by a pyramid, one face of the pyra-
mid may become so large, at the expense of the others, that, at first
view, the prism appears 1‘ terminated by one plane oblique .to its
axis ; or two opposite fac a prismatic crystal may be so enlarged,
that the prism appears compyessed or tabular; both these imperfec-
tions appear in quartz.

Sometimes the edges gf: the crystal are rounded, and the angles
blunted ; while, in other cases, the faces of the crystal present a con-
vex or concave surface. Other imperfections may arise from the ad-
hesion of one part of a crystal to an amorphous mass of the same sub-
stance. Hence it is, that prismatic crystals are frequently terminated
at only one extremity by a pyramid.

‘When a crystal is rendered imperfect by an undue extension of some
of its faces, or by the absence of certain parts only, we may often, in im-
agination, restore symmetry to the crystal, and thus obtain its true form.

Distinct epithets have been borrowed from well known objects to
designate the forms of some imperfect crystals. Thus, the form is said
to be cylindrical, when the lateral-edges of a prismatic crystal are
more or less rounded—they are sometimes, in fact, obliterated by
longitudinal striee ; acicular, like a needle, when the crystal is a long,
straight prism, very minute, and either absolutely imperfect, or teo
minute to permit its faces to be distinguished—indeed a pyramidal
crystal, very much elongated, may appear acicular. Sometimes also
the epithet acicular, as already remarked, is applied to a very long,
slender prism, whose form is determinable.. A crystal may also be
described as capillary, like a hair—this word, sometimes employed as
eynonymous with acicular, is more appropriate to extremely minute
prisms, which are usually more or less curved or bent ;,lenticular, like
a convex lens-thls form appears to arise from slight alterations in
the edges, faces, and angles of certain regular forms.
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96. Grouping of crystals. Crystals are sometimes found singly
fmbedded in other minerals, and impress upon them their own form ;
or, in other words, the form of the cavity perfectly corresponds to that
of the crystal. In many cases, however, crystals are merely attached
¢o the surface of other minerals, and appear in cavities and fissures.

. In most cases, crystals present themselves either single, or promis-
cuously aggregated. Sometimes, however, two or more crystals are
found attached to each other in groups more or lees regular, In a few
cases, indeed, these groups have much regularity in their structure and
appearance. Sometimes they are composed of two crystals, which par-
tially penetrate each other, or simply adhere by two faces similarly
situated on both crystals. Sometimes two or more prisms intersect
each other at constant angles, either right er oblique. -

97. Hemitrope crystals or macles are groups, which exhibit the
appearance of two halves of the same crystal, so applied to each other,
that, while one half is supposed to remaimat rest, the other half, with-
out being separated from the former, seems to have revolved in the

_common plane of intersection, till it has described a semicircle ; so
that its position is inverted in regard to that half, which remains fixed.

* In the case of the regular octaedron, the same result would be obtained
by the revolution of one half of the crystal through a sixth part of the
circumference. .

‘To this inversion of one half, the Abbé Haiiy has given the name
of hémitropie (hémitropy), which is designed to indicate, that one seg-
ment of the crystal has turned through half the circumference of a cir-
cle; and the crystal, thus produced, he designates by the epithet Aémi-
trope. Such crystals are also called double or twin-crystals.

These hemitrope crystals, as well as those, which penetrate or in-
tersect each other, may almost always be easily recognised by the re-
entering angle or angles, which they present; for such angles never
appear on simple crystals. Those parts of the crystal directly opposite
to these reentering angles will, of course, exhibit projecting edges or
angles. In PL II, fig. 19, is an octaedral crystal of .spinelle, which is
supposed to be hisected in the plane of the dotted hexaedron, which
appears in the interior. If, while the lower half remains fixed, the
upper half be supposed to revolve in the aforementioned plane, through
a semicircle, or through one sixth of a circle, the crystal (fig. 20.) will
be produced. Feldspar, augite, and oxide of tin exhibit hemitrope crys-
tals, as will be seen under those articles.

98. Most frequently, however, groups of crystals are quite irregular.
In this case, they are described, as far as practicable, by comparing
them to some known body, which they resemble. Thus, these groups
may be fascicular, like a bundle of rods—scopiform, like a broom—man-
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yolar, like a shieal, being, in all the praceding cases, composed of erys-
tals more or less diverging ; dendritic, like a tree—rthe branches often
censist of a serieq of orystals, which are semetimes very regular, at-
tpched to each other, or one g little implanted in another ; reticulated,
when acicular cr}stde orees each other at right angles, and form inter-
stices, like the meshes of a net ; &c~In fine, crystals may so aggre-
ghte, as to exbibit eolummar, globular, or pyramidal groups.

When crystyls are so aggregated, that they invest the surface of
another mineral, they are said to form druses, which are sometimes
cemposed of extremely minute crystals,

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

09. Size of crystale. As the size of crystals may vary from that
of two feet or mare ip some of their dimensians, till their form becomes
indeterminable without the aid of a microscope, it is of some conse-»

quence, that their general sige should be steted.
Nomenclature of Crystals,

100. The importance of a systematic nomenclature in any branch
of science is extremely obvious; and chemistry has already presented
a striking instance of the truth of this remark. It must also be evident,
that numerous advantages would result from a similar nomenclature in
¢1~_ye|tallograpby; especially when we consider the immense variety of
crystalline forms, which the mineral kingdom presents, and the impor-
tance of being able, without the labor of description, to designate any
particular variety of form by some name or epithet, which may indicate
the form itself, or the general structure, or some peculigrity of form or
structure. The attempt, of which an account is now to be given, has
been made by the celebrated Haily.

The original names will be employed with an explanation annexed,
and, in many cases, a reference to figures; for the analogy of our lan-
guage does mot appear to justify a literal translation of many of the
terms.of this pomenclature.* Indeed mineralogy already presents many
uncouth and barbarous terms unnecessarily introduced into the English
language by s literal translation of words belonging to foreign languages.

Kt may, howeyer, be remarked, that many of the terms of this no-
‘menclature may be easily understood without a knowledge of the Freneh
language, and may with great propriety be adopted, as English words, by
a slight alteration of the orthography.

101. Primitif or Primitive, added to the name of the species, al-
ways denotes the primitive form of the crystals of that species. Thus
* See Elenents of Cryatsilography,afier the Method of Hauy, by Fredrick docum.  London; 1613

: 5 :
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' 108. The secoudary forms of crystals may be considered under six
different points of view:

I. Secondary forms, considered in vegard to the modifications, pro-
duced in the primitive form, by a combination of the faces of the latter
with those, which result from the laws of decrement.

Thus a crystal may be called

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

Prismé, when the primitive form is composed of two pyramids unit-
ed base to base, and, in the secondary form, these pyramids are separat-
ed, and a prism is interposed. Thus zircon prismé ; (Pl. III, fig. 34).

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

Basé, when the primitive form is a rhomb, or is composed of two
pyramids united base to base, and, in the secondary form, the summits
of the rhomb or double pyramid are truncated by faces perpendicular
to the axis of the crystal.

Epointé, when all the solid angles of the primitive form are trun-
cated each by one face. Thus strontiane sulfatée (sulphate of stron-

tian) epointée ; (Pl. III, fig. 6).

Bisépointé, tnépmnté quadriépointé, when each solid angle of the
pmmtxve form is replaced by two, or three, or four faces, Thus aml
cime triépointée ; (PL IV, fig. 21).

Emarginé, when all the edges of the primitive form are tmncated,
each by one face.

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

Périhexaedre, when the primitive form # a prism of four sides, md,
in the secondary form, is converted into a prism of six sides by the dec-
rements’; or, in other words, is truncated on two of its lateral edges.

Périoctacdre, péridécaédre, péridodécuedre, when, as in the preced-
ing, a four-sided prism is converted into a prism of eight, or ten, or

_twelve sides. The term péridodécaédre is also employed, when the

primitive form is a regular six-sided prism, and, in the secondary form,
has each of its lateral edges truncated by one face.

Raccourci (shortened), when the primitive form is a prism, whose
bases are rhombs, and, in the secondary form, each of the two lateral
edges, contiguous to the longer diagonals of the bases, is truncated by one
face ; in consequence of which the crystal appears diminished in length.

Rétréci (narrowed), when the primitive form is the same as in the
preceding, but, in the secondary form, each of the two lateral edges,
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contiguous to the shorter diagonals of the bases, is truneated ; in con-
sequence of which. the crystal appears diminished in breadth. Thus
baryte sulfatée (sulphate of barytes) rétrécie ; (P1. III, fig. 2).

108. IL. Secondary forms, considered by themselves, and merely as
geometrical forms.

A crystal may be called - '

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

Cuboide, when the form differs very little from a cube. Thus chaux
carbonatée (carbonate of lime) cuboide ; (P1. III, fig. 15).

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

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

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

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

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

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

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

Ennéacontaédre, when the surface presents ninety faces.

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

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

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

Triforme, when, as in the preceding, three forms are concerned.
Thus cobalt arsenical triforme; (Pl V, fig. 24).

Cubo-octaédre, when the crystal presents a combination of the two
forms, indicated by the name, viz. a cube and octaedron.

Cubo-dodécaedre, cubo-tétraédre, when, as in the preceding, the
forms are a cube and dodecaedron, or a cube and tetraedron. Thus
fer sulfuré (sulphuret of iron) cube-dodécaddre ; (P1. V, fig. 6).
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Trapézien, wherr the lateral planes are compesed of trapeziums,
sitmated in two ranges between the two bases. Thus baryte sulfatée
(sulphate of barytes) trapézienne ; (Pl. Il fig. 3). _

Ditétraedre, when the form is a tetraedral prism with diedral sum-
mits. ‘Thus fer arsenical (arsenical iron) ditétraédre; (Pl V, fig. 4).

Dihexaédre, dioctaédre, when the form is. a hexaedral prism "with
triedral summits, or anr octaedral prism with tetraedral summits, Thus
topaze dioctaédre; (Pl. HI, fig. 25).

Didécaedre, didodécagdre, when the crystal ia & decaedral prism with
pentaedral summits ; or a dodecaedral prism with hexaedral sammits.
Thus diopside didodécaédre; (Pl IV, fig. 26).

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

Tétrahexacdre, pentahexaedre, eptahexaédre, trwmwdn, tridodé-
caedre, when, as in the preceding, the crystal presents certain ranges of
a given number of faces, as indicated by the several names respectively.

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

JAmphihéxaedre, when the faces of the crystal, counted in two different

directions, give two hexaedral outlines, or are found te be six in number. .

Sexdécimal, when a prism, or the middle part of a crystal, has six

faces, and the two summits, taken together, ten faces ; or the reverse.
Thus feldspath sexdécimal ; (Pl. 1V, fig. 7).
. Quudridécimal, octodécimal, sexduodécimal, octoduodécimal, déct-
duodécimal, octosexdécimal, sexoctonal, &c. when,'as in the preceding,
a prism er the middle part of a crystal, and the two summits have the
number of. faces, indicated by the several names respectively. Thus
feldspath quadridécimal ; (Pl 1V, fig. 6); also corindon (corundum)
octoduodécimal ; (Pl 111, fig. 29) ; also plomb carbonaté (carbonate of
lead) sexoctonal ; (PL. V, ﬁg 15).

Penpolygone when a prism has a great number of sides.

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

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

‘aédre, when there are nine faces on two adjacent parts of
This form alse belongs to a variety of the tourmaline, in

ism has nine sides and one of the summits nine faces.

¢, when the faces of the crystal, being counted in annular

oue extremity to the other, furnish twe different numbers,

:d each other several times, as 4, 8, 4, 8, 4.
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Kguidifférent, when a different number of faces is presented by
the prism and by each snmmit ; and these three numbers form a series
in arithmetical progression, as 6,4, 2. Thus amphibole (hornbleade)
equidifférent ; (PL. 1V, fig, 30)

Convergeni, when the series of numbers, taken as in the precedmg
variety, is rapidly convergent, as 15, 9, 8.

. Impair, when a different number of faces is presented by the prism
and by each summit ; but the three numbers follow no law of progres-
gion. Thus tourmaline impaire ; (Pl 1V, fig, 8).

Hypéroxide (acute to excess), which is a name given to a variety of
carbonate of lime, embracing a combination of two acute rhombe, of
which however one is much more acute, than the other ; (Pl, 111, fig. 21).

Sphéroidal, when it is bounded by several convex faces, as one va-
riety of the diamond, which has forty eight convex faces; (P IV, fig. 34).

Plan-convewe, when, as in a variety of the diamond, seme of the
faces are plane, and others curved.

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

Thus a crystal may be called

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

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

Bibisalterne, when there is on both parts two sets of bisalterne faces.
Thus mercure sulfuré (sulphuret of mercury) bibisalterne ; (P1. IV, fig, 39).
. dunulaire, when a hexaedral prism has six, or an octaedral prism

eight marginal faces, disposed in a ring about each base ; or when these
prisms ate truncated on all’their terminal edges.

Monostique, when a prism of a given number of sides has on the mar-
gin of each base a range of faces of a different number from that of the
sides; these faces may be all marginal, or some may be marginal and
others may replace the solid angles; er they may be viewed as trunca-
tions of the terminal edges and solid angles. Thus topaze monostique;
(PL. I1I, fig. 26); also epidote monostique ; (Pl IV, fig. 16).

Distigue, when, instead of one range, as in the precedmg variety,
there are two ranges of faces about each base.

Bubdistique, when two of the faces, disposed in the same range
aboat exch base, are surmounted by twe additional faces, which seem to
constitute the beginning of a second range.

« Plagicdre, when a crystal has faces situated obliquely, or in a slant-
fug direction.
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Dissimilaire, when two ranges of faces, situated one above the other
towards each summit, have a want of symmetry. Thus epidote dissimi-
laire ; (PL IV, fig. 17).

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

Prominule, when a crystal has edges, which ‘contain a very obtuse
angle, and of course project but little.

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

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

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

Contracté, a name applied to a dodecaedral variety of the carbonate
of lime, in which the bases of the terminating perrtagons suffer a kind
of contraction, in consequence of the inclination of the lateral faces.

Dilaté, a name applied to another variety of the dodecaedral car-
bonate of lime, in which the bases of the pentagons, which terminate the
crystal, suffer a kind of dilatation, in consequence of the inclination of

the lateral faces ; (Pl III, fig. 20).
*  Jcutangle,a term employed to designate a hexaedral prism of car-
- bonate of lime, which has its solid angles trnncated by very acute—
. angled triangles.

Defective, a name particularly applied to a variety of the borate of
magnesia, in which four of the solid angles of the primitive cube are
truncated, each by one face, while the opposite solid angles remain
untouched.

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

105. IV. Secondary forms, considered in regard to the laws of
decrement, on which they depend.*

A crystal may be called

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

Bisunitaire, triunitaire, quadriunitaire, when there are two, or
three, or four decrements by one range of particles. Thus epidote bis-

* By the term exponent, cmployed in this division, s intended the number, which indieates bow
many ranges of perticies are sabtracted in the several decrements. In nilxed dogrements the exponent

is a fraction, of which both terms are greater than unity; the numerator exprongs the desrecant in
breadth, and the denominator the deerement in height.
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unitaire; (Pl. IV, fig. 15); aleo pyroxene (augite) triunitaire; (P1. IV,

)

e Btz;aire, when the secondary form 'depends on one deerement by two
ranges of particles.

Bibinaire, tribinaire, when it depends on two, or three decrements,
each by two ranges of particles, according to the names respectively.
Thus chaux carbonatée (carbonate of lime) bibinaire; (P III, fig. 18).

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

Unibinaire, when there are two decrements, the one by one range,
and' the other by two ranges of particles. Thus staurotide unibinaire ;
(PL. 111, fig. 80).

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

Binoternaire, when, of the two decrements, one is by twa and the
other by three ranges of particles. Thus fer oligiste (specular oxide of
iron) binoternaire ; (Pl v, fig. 11).

Egquivalent, when the exponent or index of one decrement is equal
to the sum of the exponents of the other decrements. :Thus chaux sul-
fatée (sulphate of lime) équivalente ; (Pl. II, fig. 11).

Soustractif, when the exponent, which relates to one decrément, is
less by unity, than the sum of the exponents of the other decrements.

Additif, when the exponent of one decrement exceeds by unity the_
sum of the exponents of the other decrements.

Progressif, when the exponents form a series of numbers in arith-
metical progression, as 1, 2, 3. Thus fer oligiste {specular oxide of iron)
progressif; (PL V, fig. 18).

Disjoint, when the decrements differ much from each other, as from
1to4or6.

QPartiel, when some part of the primitive form remains without
decrements, while other parts, similarly situated, undergo them. Thus
oobalt gris (gray cobalt) partiel ; (Pl V, fig, 25).

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

Soutriple, souguadruple, when the exponent of one decrement is
only one third, or one fourth the sum of the other exponents,

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

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

Hdentique, when the exponents of . two simple decrements are equa‘l
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to the terms of the fraction, which express o third and mixed deerement
in the same crystal. :

Isonome (equality of laws), when the exponents, which mark the
decrements on the edges, are equal ; and also those, which depote the
decrements on the angles. Thus cuivre sulfaté (sulpbate of copper)
isonome ; (PL. V, fig. 8),

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

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

Bifére, when each edge and each solid angle suffers two decrements.

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

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

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

Rétrograde, which is a pame applied to a variety of the carbenate of
lime, whose form depends chiefly on twe mixed decrements; and the
faces thence resulting seem to retrograde, that is, they sppear to be
thrown backward toward that side of the axis, which is most removed
from that face, where the decrements commence.

Jscendant, when all the laws of decrement have an ascending direc-
tion, setting out from the angles or lower edges of a rhombic muclens.

106. V. Secondary forms, considered in regard to certain geowetrical
properties, which they preseut.

Thus a crystal may be called

Tsogone (equality of angles), when the faces, which exist on certain
parts, differently situated, form among themselves equal angles. Thus
tourmaline isogone ; (Pl. IV, fig. 2).

JAnamorphigue (inverted form), when the crystal cannot be placed

"in its most natural positien, without apparently inverting that of the

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

Rhombifére, when certain faces of the crystal are true rhombs, al-
theugh, from the manner, in which they are connected with the contigu-
ous faces, they do not, at first view, appear to be regular figures. Thus
quartz. thombifére ; (Pl. I11, fig. 36).

Equiaxe, when the secondary form is a rhomb, whose axis is equal
to that of the primitive form, which is also a rhomb. Thus chanx car-
bonatée (carbonate of lime) equiaxe; (Pl. II, fig. 13).

Jnverse, whea the secondary form is a rhomb, whose edges contain
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angles equal to the plane angles of the primitive form, which is itseif a
rhomb, and whose plane angles are equal to those, contained by the edges
of the primitive rhomb. Thus chaux carbonatée (carbonate of lime)
inverse ; (Pl III, fig. 14).

Meétastatique (a transfer), when the secondary crystal has some of
its plane angles and some of those, formed by the inclination of its faces,
equal to certain angles of the nucleus, which are thus in a certain sense
transferred to the secondary form. Thus chaux carbonatée (carbonate of
lime) métastatique ; (Pl. 111, fig. 16).

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

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

onalogique, when the form presents many remagkable analogies.
Thus chaux carbonatée (carbonate of lime) analogique ; (Pl III, fig. 22).

Paradoxale, when the structure presents singular and unexpected
results.

Complexe, when the structure is rendered complicate by uncommon
decrements; as when some are mixed and others intermediate.

107. V1. Secondary forms, considered in regard to certain peculiar
properties.

Thus a crystal may be called

Transposé, when it is composed of two halves of an octaedron, or of
two portions of some other crystal, of which one seems to have turned
upon the other through a space equal to one sixth of the circumference
of a circle. Thus zinc sulfuré (sulphuret of zinc) transposé; (PL V,
fig. 23). .

Hémitrope, when it is composed of two halves of the same crystal,
of which one half seems to be inverted in regard to the other; see art.
97. Thus feldspath hémitrope ; (Pl 1V, fig. 8).

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

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

Sexradiée, a name applied to that variety of the staurotide, compos-

6
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ed . of three priems, which cross in such mauner, as to exhibit the six
radii of a regular hexagon.

Cruciforme, a name applied to a variety of the harmotome, composed
of two prisms, intersecting each other, and producing a kind of cross.
(Pl 1V, fig. 23).

Triglyphe, when the striee on the surface of the crystal, being viewed
on three faces, which unite about the same solid angle, have three dif-
ferent directions, all perpendicular to each other. Thus fer sulfuré
(sulphuret of iron) triglyphe ; (Pl V, fig. 5).

Géniculé, when the crystal consists of two prisms, which unite at
ome extremity, 8o a8 to form a kind of knee. Thus titane oxidé (red
oxide of titanium) géniculé ; (Pl. V, fig. 31).

SECTION 2.

Physical or External Characters.

108. The properties of minerals are somewhat numerous, and fall
under the cognizance of two distinct branches of science; hence the
twofold division, already mentioned (17), into physical and chemical
properties or characters. But, as the physical characters of minerals
may be ascertained by mere inspection, combined in some instances
with a simple experiment, they have generally received the name of
external characters ; to describe whigh is the object of this section.

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

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

110. For the appropriate langnage, now generally employed to ex-
press the external characters of minerals, we are indebted to the cele-
brated WErnzr, late Professor of Mineralogy, at Freyberg, in Upper
Saxony. In the following arrangement of these characters, no other
principle is regarded, than to pass from those, which may be observed
by mere inspection, to ethers, requiring more or less of experiment.
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Color. Taste. Frangibility.
Changeable colors. Adhesion to tongue - Structure.
Lustre. Soil. Fracture. '
Transparency. Streak and Powder. Shape of fragments.
Refraction. Distinct concretions.  Tenacity.
Form. Flexibility & Elasticity. Magnetism.
Surface. * - Sound. Electricity.
Touch. Cohesion. Phosphorescence.
Coldness. Hardness. Specific gravity.
Odor.

1. Color.

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

First, in many minerals the coloring matter is both accidental and
variable ; and arises chiefly from the presence of metallic oxndes, par-
ticularly those of iron and manganese. Now these oxides may exist in
different proportions, or with different degrees of oxidation ; either of
which would produce a variation in the color, or at leastin the shade of
the color of different varieties, belonging to the same species. Hence
zircon may be gray, green, blue, red, yellow, or brown ; quartz may be
white, gray, brown, yellow, green, red, &c. and all these colors are
further diversified by various shades. Now in these and similar cases
it is evident, that but little reliance can be placed on color alone. It
may indeed be true, that most minerals usually exhibit some one or two
of the colors belonging to them; it may even be true, that some mine-
rals present but one color, yet this one may assume a variety of shades.
Sometimes also it depends on the presence of combustible matter.—Itis
hence obvious, that, when the color depends on some accidental ingre-
dient, it can only increase the probability, that the mineral under ex-
amination belongs to this or the other species. The preceding remarks
apply to the colors, which appear on most of the earthy compounds and
on most of the earthy and alkaline salts. The coloring matter may
actually be extracted from some saline mmerals, and every other
property remain the same.

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

112. We shall now mention the varieties of color, and the terms
employed in describing them.

Fundamental colors. Of the various colors eight are assumed, as
fundamental. These are snow white ; ash gray, the color of wood-
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ashes ; velvet black ; Berlin or Prussian blue ; emerald green ; lemc
. yellow ; carmine red, a high red, like that of vermillion ; and chestm

brown. All other colors are considered, as intermixtures of two «
‘more of these; and are expressed by combining the names of the tw
principal colors, of which the intermixture is supposed to consist, ¢
greenish white, or by referring to some well known substance, whos
color is nearly uniform, as blood red. 'When a color is compounded «
any two colors, which have received distinct names, and seems to b
intermediate between them, it is described by saying, that the predom
inant color inclines to or passes into the other, according as it exhibit
less or more of that other color.

Varieties of white.* Snow white ; reddish white; yellowish white
silver white, which has a slight tinge of yellow with a metallic lustre
grayish white; greenish white ; millc white, which has a slight tinge ¢
blue ; #in white, which is nearly the preceding with a metallic lustr.

Varieties of gray. Lead gray, which has a slight tinge of dark blu
with a metallic lustre ; bluish gray ; smoke gray, which has a shade
brown ; pearl gray, which has a very slight tinge of violet blue ; greenis
gray ; yellowish gray; ash gray; steel gray, which has a shade of blu
and a metallic lustre. ]

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

Varieties of blue. Indigo blue, which is very dark ; Berlin o
Prussian blue; azure blue, which is deep with a slight tinge of red
violet blue, which has a strong tinge of red ; plum blue, which is a dar
reddish blue ; lavender blue, which contains a little reddish gray ; smai
blue, which is Berlin blue, rendered light by an intermixture of white
sky blue, which is light with a tinge of green ; duck blue, which is dar
with a shade of green.

Varieties of green. Verdigris green, which has a shade of blue
sea or celandine green, which is paler than the preceding; mountai
green, which is pale and grayish; emerald green; apple green, whic
has a tinge of white; grass green, which is lively, but has a tinge ¢
yellow ; blackish green ; leek green, which is dark and contains a littl
brown ; pistachio green, which has a shade of brownish yellow ; aspara
gus green, which is paler, than the preceding ; olive green, which is
pale grass green, with a strong shade of brown ; oil green, which is pale
and has more yellow than pistachio green; canary or siskin greet
which is a pale yellowish green.

Varieties of yellow. Sulphur yellow, which is pale and has a shad

® In the explanations, annexed to many of the varieties of color, the additional shade is suppose
to be mingled with the fundamental eolor, unless the contrary be espressed.
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of green ; brass yellow, which is the preceding, with a shade of gray and
a metallic Justre ; slrqw yellow, which is sulphur yellow, coutaining
much white ; bronze yellow, which is brass yellow, mingled with gray ;
wax yellow, which has a shade of reddish brown; honey yellow, which
is sulphur yellow, tinged with brown ; lemon yellow ; gold yellow,
which differs from the preceding by its metallic lustre only ; ockre yel-
low, which has a strong shade of brown ; wine yellow, which has a shade
of brownish red ; isabella or cream yellow, which is brownish yellow,
with a slight tinge of red ; orange yellow, which has a shade of red.

Varieties of red. Jurora red, which has a strong shade of yellow ;
hyacinth red, which is tinged with brownish yellow ; brick red, which is
paler, than the preceding ; scarlet red, which has a very slight tinge of
yellow; blood red, which is nearly a pure red, but tinged with a little
dark brown ; flesh red, which is paler than the preceding; copper red,
which is nearly flesh red, with a tinge of yellow and a metallic lustre ;
carmine red ; cochineal red, which has a shade of bluish gray; crimson
red, which has a strong shade of blue; columbine red, which is darker,
than the preceding; rose red, which resembles cochineal red, but is
pale; peach blossom red, which is a pale reddish white, with a slight
tinge of blue ; cherry red, which is crimson red with a strong shade of
dark brown ; brownish red, which is blood red, shaded with brown.

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

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

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

‘When minerals are perfectly clear and transparent, having no
perceptible color, they are said to be limpid, or colorless.

113. Jrrangement of colors. Some minerals present two or more
colors differently arranged. The collocation of these colors is expressed
by the terms dotted, veined, clouded, striped, zoned, flamed, &c. The -
last presents long colored spots, tapering toa point.

114. Tarnished colors. 'The surface of a mineral often exhibits very
different colors from those, which appear in the interior, and is said to
be tarnished. This tarnish usually arises from the action of moisture
or air on some metallic matter, contained in the mineral, or investing
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its surface. Sometimes the tarnish presents only a single coler, as
brown, which often appears on magnetic sulphuret of iron. But, when
more than one color is present, the tarnish is described by referring to
some well known appearance, which it moré or less resembles. Thus,
‘it may be pavonine, like the tail of a peacock ; columbine, like the neck
of a dove ; irised, like the iris or rainbow ; or it may resemble tempered
steel, &c. These tarnishes are frequent on some of the ores of copper
and iron ; and the alteration of color sometimes extends to a consid-
erable depth.

2. Changeable colors, or chatoyement, or play of colors ;
irised colors.

115. The appearances, denoted by the above terms, are altogether
distinct from a tarnish, although the latter may sometimes appear irised.
They are exhibited by minerals in their purest state, and depend on a
peculiar incidence and reflection of light. 'We include both changeable
and érised colors in the same article, because they are often produced
in a similar manner; and for the former, which is the most beautiful,
we have mentioned the French term chatoyement, because it is expres-
sive, and because there is no word in English, by which it may be
translated. This term alludes to those mutable and shining colors,
which appear in the eye of a cat, when observed in the dark ; similar
appearances may be seen on certain varieties of silk.

A mineral is said to exhibit changeable colors, or a chatoyement, when
different colors or collections of colors alternately appear and disappear,

_according to the varying position of the mineral, in regard to the inci-
dent light. This is a striking property in that variety of quartz, called
cat’s eye, in the precious opal, and particularly in one variety of feld-
spar.—From the existence of this property in the opal, it is sometimes
called opalescence.

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

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

The exhibition of changeable and irised colors, when the latter is
not merely a tarnish, appears in most cases to be produced by light,
reflected from the sides of numerous and very minute fissures, which
traverse certain minerals. These fissures sometimes proceed from a

-partial decomposition and slight separation of the laminz, in which case
the fissures will all lie in the direction of the natural joints of the min-
eral ; in other cases the mineral is traversed by fissures in all directions,
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as in the precious opal. These fissures, filled with air, must produce a
colered light by refraction, as in the colored rings between two plates
of glass.

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

8. Lustre.

+ 116. The lustre of a mineral depends on its disposition to reflect
light more or less copiously. It must of course be variously modified
by the shape, position, and density of the integrant particles. “The lustre
of the internal surface, discovered by breaking the mineral, is always
intended, unless external lustre be expressly mentioned. We perceive
not only different degrees, but different kinds of lustre. The degree of
lustre is distinguished by the following terms ; splendent, when percepti-
ble in full day light at a great distance, as in highly polished metals ;
ghining, when it is weak at a considerable distance, but strong, when
the object is near the eye, as in most crystals ; glistening, which is not
perceptible, unless near, as in some silks ; glimmering, when the surface
presents a number of shining points, produced by the reflection of light
from the faces of very minute lamellee, variously inclined to each other.

117. The kind of lustre isan important character, and is, in general,
uniform' in minerals of the same species, when examined on the surface
of a recent fracture. It is described by comparing it with that of some
well known object.

Thus, it may be vitreous, like that of broken glass. This is the
more common kind of lustre, exhibited by minerals, and appears on
most varieties of crystalliud quartz. It may be resinous or waxy, like
that of broken resin or wax. Some varieties of pitchstone afford a good
example—~The lustre may be silky or like that of satin. This mild and
delicate lustre is found chiefly on certain fibrous minerals, and is pro-
duced by the reflection of the light from the long and narrow faces of
the fibres or acicular crystals, of which the mineral is composed. It is
often somewhat mutable, according to the varying position of the min-
eral, in regard to the incident light. Some varieties of fibrous gypsum
and fibrous limestone are striking examples~—It may be pearly, like
that of pearl. This appears chiefly on minerals with a foliated structure ;
and is sometimes visible only in a certain direction. It may sometimes
be produced by the reflection of light from the sides of minute cavities,
lying in the same plane.~It may be adamantine, like that of the dia-
mond, which is called JAdamas by Pliny. This lustre is also exhibited
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by the carbonate and sulphate of lead, and a few other minérals.—
Sometimes it is metallic, like that of pure metals. This lustre varies
much in intensity in different minerals, but it always remains, when the
mineral is scratched. A similar lustre sometimes appears on the surface
of certain ores, as the sulphuret of mercury, or of certain earthy min-
erals, as mi¢a; but it disappears, when the mineral is scratched with a
knife ; it is sometimes called semimetallic, or pseudometallic.

+In examining the lustre of minerals, the direct rays of the sun
should be avoided.~—Minerals, having no lustre, are said to be dull.

4. Transparency.

118, This well known property needs no definition. According to
the quantity of light transmitted, the transparency will be variable ; and
its different degreeb are denoted by the following terms;* transparent,
when objects may be distinctly perceived through the mineral; sems-
transparent, when objects may be perceived, but not distinctly ; #rans-
lueent, when light evidently passes, but objects cannot be distinguished 3
translucent at the edges, when light passes through the edges only. If no
light pass through any part of 2 mineral, it is said to be opaque.

Seme minerals, nearly or quite opaque, become more or less trans-
parent by being plunged in water, and are said to be hydrophanous.
This phenomenon depends on the imbibition of water, and will be more

fully explained.

5. Refraction,

119. It is well known, that, when a ray of light passes obliquely
from one medium to another of different density, it is refracted, or bent
from its original direction. Still the image of any object, seen through
& refracting medium, usually appears single. There are, however, some
trangparent minerals, which have the remarkable property of causing
objects to appear double ; that is, they present two images of any object,
seen through them. In this case it is evident, that the ray must be
divided iwto two portions after entering the refracting medium, and that
each portion presents an image of the object.

As this property depends on the nature or structare of the mineral,
and not om any accidental circamstances, it must be a distinctive char-
acter of very considerable value. Different opinions have been given on
the ‘camse of this phemomenon ; it has indeed exercised the abilities of
Huyghens and Newton, nor is it by any means certain, that it is yet
well understogd.

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

© Seme writers denote hd&mtm&mm lustre by the numbery 4,3, 8, 1,
the number 4 indicating the highest degree in each ch
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This property was first observed in that variety of carbonate of lime,
gometimes called Iceland spar; and few minerals exhibit it in so
striking a manner. Let a black line be drawn on white paper, and
viewed through two opposite and parallel surfaces of a rhombic crystal
or fragment of the aforementioned suhstance so placed, that the longer
diagonals of the two opposite faces shall be parallel to the line on the
paper. Two distinct and separate lines will appear, the one being
somewhat above the other. If now this rhomb be made to revolve, the
two images or lines will approach each other, till they coincide in the
direction of their length, but in such manner, that the extremity of one
image extends a little beyond that of the other. This coincidence takes
place, when the shorter diagonals of the aforesaid faces become parallel
to the given line. The experiment is in some respects more striking,
when a circle is employed, instead of a line, -

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

In some minerals the double refraction is very great, and easily
observed. Often however it cannot be perceived without difficulty ; the
two images are very near, and apparently touch or penetrate each other,
and are scarcely distinguishable, except at their borders. It is often
necessary to view the ohject through two sides of a crystal, which are
naturally inclined to each other, or so cut by a lapidary. Thus to observe
double refraction in crystallized quartz, the ray to be refracted must
be made to pass through one side of the prism, and the opposite face of
the pyramid, which terminates the prism.

The distance between the two images is, in general, proportional to
the quantity of the angle, contained between the two inclined faces ;

. and, when other things are equal, it is proportional to the thickness of

the medium.

This character may frequently be observed by holding the mineral
near the eye, and looking through it at a pin, held by the point, at some
distance on the opposite side, the face being directed toward a window.
If the pin be successively placed in various positions, there will be one,
in which two images of the pin will be seen, parallel to each other, and
usually irised.

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

7
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The recent and interesting experiments of Arago, Biot, Malus, and
Brewster have brought to view many important facts in regard to the
double refraction and polarization of light,

It seems hardly necessary to suggest the important use, to which
this character may be applied. As it can be observed with equal ease
after a mineral has been deprived of its native appearance by a lapida-
ry, it may enable'us to discriminate minerals, in which other characters
cannot be observed.

6. Form.

121. This is a very important character in the description of mine-
rals. The varieties of form may be included under three general
divisions, viz. regular, imitative, and indeterminate or amorphous. x

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

123. Imitative forms. The form of a mineral is said to be imitative,
when it is not regular, and, at the same time, has sufficient resemblance
to any other body to be denominated by the name of that body. Bodies,
exhibiting imitative forms, are sometimes the results of a disturbed
crystallization, arid possess a lamellar or fibrous structure ; and some-
times they are mere concretions, formed under circumstances, which
have entirely prevented the appearance of a crystalline form or struc-
ture. The following are the most common ; viz. cylindrical ; tubular,
more or less cylindrical and hollow ; dentiform, like a tooth, often a
little curved ; filiform, like a thread, or capillary, like a hair—the
threads or hairs are sometimes curved, tortuous, or entangled (95) ; den-
dritic or arborescent, branching like a tree or shrub—sometimes the
branches extend in different directions, and sometimes they are situated
nearly in the same plane—in some instances, they are merely a group
of crystals attached to each other (98) ; coralloidal, resembling branches
of coral ; ramous, having branches, intermingled in various directions ;
reticulated, like a net—it presents parallel fibres or crystals in two
directions, cressing each other nearly at right angles, and forming
squares, which more or less resemble the meshes of a net—it is usually
an aggregation of acicular crystals (98); pectinated, like a comb—it
exhibits short, lateral branches, nearly parallel and equidistant, on one
side, or on opposite sides, like the teeth of a comb—these branches are
sometimes crystals; stalactical, resembling an icicle—stalactites are
generally produced by the filtration of water, containing earthy, saline,
or metallic particles, through the pores or crevices of other minerals,
which constitute the roof of caverns—forms somewhat similar are often
produced on the floor of caverns by the water, which drops from the
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roof, and are called stalagmites*—minerals, exhibiting stalactical forms,
are usually composed of a series of circular or undulated layers; botry-
oidal, like a cluster of grapes—this form appears, when a mineral pre-
sents a cluster or aggregation of large segments of small spheres ; mam-
smillary, when the mineral exhibits smaller portions or segments of larger
spheres, than in the botryoidal form, near to each other, but distinct,
and not aggregated ; remiform, resembling the kidney in form—the
spherical segments are blended- and less- distinct, than in the maminil-
lary form; globular,—masses, which exhibit the last four forms, are
frequently composed of fibres, radiating from a centre—in the globular
form, these fibres sometimes terminate at the surface in protruding
crystals ; tuberous, presenting irregular, roundish elevations, separated
by intermediate depressions ; nodular, in small nodules or lumps, whose
surface usually presents roundish elevations; cellular—the cells may
have various forms, and are sometimes produced by the mutual inter-
section of thin plates or laminee—they are also produced by the impres-
sion of crystals, and present regular forms, as cubic, hexangular, &c.;
corroded, presenting numerous cavities, like wood, which has been at-
tacked by worms; vesicular, exhibiting both internally and externally
small roundish or irregular cavities—sometimes the vesicles or cavities
seem to have broken or burst into each other. A mineral may also occur
in forms, resemhling those of leaves, plates, scales, or membranes ; it is
said to be specular when it presents the smooth polished surface of a
speculum or mirror.
124. Incrustations. These are deposites, made in the form of a
crust, sometimes on other minerals, and frequently on the surface of
bodies, belonging to the vegetable kingdom ; sometimes also they invest
the sides of cavities, situsted in the interior of certain bodies. The
latter appearance may often be observed in tubes, through which water,
containing calcareous particles, has been running for a long time.
Sometimes the crust is left empty by the removal of the body, whoee
form it has taken. This may happen, when crystals of carbonate of
lime are incrusted by quartz. Incrustations are most frequently cal-
‘careous or siliceous, and their structure is sometimes a little crystalline.
125. Geode. The form of a geode, which is sometimes merely an
incrustation, is more or less spherical. Its interior is sometimes empty,
and, in this case, the sides of the cavity are often lined with crystals,
as in agate balls. Sometimes it contains a solid, moveable nucleus ; and
is sometimes filled with an earthy matter different from the envelope.
126. Guhr. This is a loose, earthy deposite from water, and may
be siliceous, calcareous, &c.
® For a particular account of the manner, in which stalaetites and stalagmites are formed, see the

speciessarbonate of Kme,
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127. Pseudomorphous bodies. These bodies have, in some cases,
received their present form in cavities, which true crystals, or some
other substances, either animal or vegetable, had once occupied. In
other cases, they have been deposited on the surface of a crystal, or
some other body, which has subsequently been decomposed, thus leav-
ing the pseudomorphous body hollow. When the form has been taken
from the exterior of a crystal, or from cavities, once occupied by crys-
tals, it is generally by no means difficult to distinguish the pseudomor-
phous or false from the true crystal. The edges and angles of the former
are seldom well defined ; their surfaces are frequently rough and un-
polished ; they are often hollow ; and they never submit to mechanical
division in any direction. Quartz and steatite furnish pseudomorphous
bodies.

Sometimes the form has been derived from the interior of a shell, and
js a true model of the animal, which once occupied it; and sometimes it
is a faithful imitation of the trunks and branches of vegetables. It hence
appears, that many petrifactions are strictly pseudomorphous bodies.

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

128. Indeterminate or amorphous forms. When the form of a min-
eral is neither regular nor imitative, it is called indeterminate, or the
miperal is said to be amorphous.

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

‘The term massive is also employed to denote those varieties of cer-
tain minerals, which, though indeed crystallized, do not presenta regu-
lar form, but occur in masses more or less large, having a crystalline
structure. Whenever used in this treatise, it is to be understood in
the latter sense.

‘When a mineral occurs in loose, detached portions, it may be in
grains, or in angular or rounded fragments.

7. Surface.

129. By this is intended the eaternal surface of minerals, and alse
that of their distinct concretions, when scparated. The internal sur-
face, or that brought to view by i fracture, will be described under a
distinct article. ‘The wnost common varieties of external surface are
the following ; viz. uneven, presenting small and irregular elevations
and depressions ; granulated, when the surface is covered with mi-
pute, roundish grains, like shagreen; rongh, when the asperity is
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discoverable by feeling, rather than by sight ; smooth ; drusy, when the
surface is covered with minute crystals ; striated, when it‘is marked
with small strie or channels.

The last variety of surface is far more lmportant, asa character,
than any of the others; for these striee, as we have already remarked
(59), when found on secondary crystals, not unfrequently indicate the
direction of the laminee, applied to the primitive form. , |

The direction of the striee is to be mentioned in description. Thus
in reference to the face of a crystal, the strize may pass longitudinally,
transversely, or diagonally, all on the same face being supposed parallel.
In some substances, not regularly crystallized, the striee are irregular.

8. Touch. ’

130. Certain minerals, when the finger is passed over their surface,
or applied to their powder, feel as if they were coated with some unctu-
ous or greasy substance; and are said to be unctuous to the touch, as
talc—Others are merely smooth to the touch, as mica. It is often an
important character in discriminating minerals; and its existence in a
mineral, when reduced to powder, is to be particularly examined. Most
minerals, however, especially when in powder, feel dry or meager, as
chalk.—The powder of some minerals is also harsk or rough to the
touch.

9. Coldness.

151. Little use can be made of this character. It has been remark-
ed, that siliceous minerals feel colder than those, which are calcareous,
both possessing the same temperature ; and that combustibles feel less
cold than most other minerals. These différent degrees of coldness in
the sensation, which different minerals produce, when at the same
temperature, depend on their different powers of conducting caloric
from the hand.

10. Odor.

132. This character can be observed in but few minerals. When,
however, it does exist,’it generally indicates the nature of the mineral,

- or, at least, of some of its principal ingredients. The odor of a mineral

may be bituminous; sulphureous; alliaceous, like that of garlic; em-
pyreumatical, like that of burnt substances; earthy or argillaceous,
like that of moistened clay ; bitter ; or fetid, like that of sulphuretted
hydrogen gas.

In some cases the odor is constantly exhaled. In other instances,
it is necessary to develop it by very slightly moistening the mineral, as
with the breath; or by friction; or by the application of heat ; or of a
blow with a hammner.
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" 11. Taste,

183. This property supposes at, least a partial solubility of the
mineral in water or saliva, and belongs to a part of those bodies, called
salts. The terms, employed in describing the different tastes, are those
in common use. Thus the taste may be saline ; astringent ; sweeetish ;
cool 5 bitter 3 or urinous. Sometimes the taste, excited by the first
impression on the tongue, is a little different from that, which soon
follows ; hence a kind of compound taste results.

12, JAdhesion to the tongue or lip.

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

In some cases, where little or no alumine is present, this adhesion
appears to arise from a partial decomposition of the mineral, which, by
losing its water or some other ingredient, becomes filled with minate
pores; and these pores absorb moisture on the principle of capillary
tubes. Such is probably the cause of the adhesion sometimes observed
in calcedony, flint, and other siliceous substances. This explanation is
confirmed by the fact, that, when the same bodies are reduced to pow-
der, they lose their absorbent power, and do not adhere to the tongue.

13, Soil or Stain.

135. Some minerals, when rubbed on white paper or other light
colored substances, leave a trace, more or less distinct. In some cases
merely a soil or stain is produced ; in other cases a trace is left suffi-
ciently definite for the purpose of writing. It should be observed,
whether the color of the trace be similar to that of the mineral ; or dis-
similar.

14. Streak and Powder.

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

The lusire of the streak may also be compared with that. of the
mineral. ]

This character, though very simple and easily observed, is often of

ry considerable value. It is well known, that many minerals; whea
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reduced to powder, present a different color from that, which they
exhibit in portions of any sensible magnitude. It is also known, that
the same mineral, though presenting different colors in its natural state,
may, when reduced to a fine powder, uniformly exhibit but one color.
'This is certainly the case with a number of minerals. Hence in des-
cription, the color of the powder, obtained by trituration, should be
mentioned ; especially if the color belong to the nature of the mineral,
and is not dependant on any accidental ingredient. The powder, pro-
duced by scraping the mineral, is perhaps never go fine, as that obtained
by trituration.

15. Distinct Concretions.

137. Bome minerals appear to be composed of certain distinct por-
tions, more or less large, united to each other by the intervention of a
very delicate seam, but with a less force than that, which unites the
minuter particles of each concretion. Hence these distinct concretions
are usually separable at the aforementioned seams without producing a
Jracture in the more strict sense of that term. ' When, however, their
union is so strong as to prevent a separation from each other, their form
may be discovered, either by the directions of the seams, or by the
different relative positions of the concretions themselves. Each con-
cretion may be said to be bounded by its own surface, as distinguished
from the surfaces produced, when a real fracture is made.

The shape of the concretions may be referred to one of the three
following kinds; viz. granular—these may be more or less round, or
angular, large, coarse, small, or fine ; lamellar~—these may be straight
or curved, thick or thin ; columnar—these may be large or small,

. straight or curved, parallel, diverging, or promiscuous, and somehmes
cuneiform.

Sometimes the same mineral exhibits two kinds of distinct concre-
tions, as in amethyst, where lamellar eoncretions sometimes intersect
others, which are prismatic; or, as in schorl, where large granular con-
cretions are sometimes composed of smaller prismatic concretions.

In some minerals this character might with propriety be described,
as presenting a particular kind of structure.

16. Flexibility and Elasticity.

138. This well known property is easily perceived. Very few min-
erals possess it naturally. It is to be particularly observed, whether the
flexibility be accompanied with elasticity, that is, whether the mineral
have the power of restoring itself to its former position, after being bent.

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

17. Sound.

139. The production of sound in a mineral, when struck, depends
rauch oh its tabular form. Some minerals, under these circumstances,
give a clear and almost metallic sound, which dwells for a moment on
the ear.—The Chinese employ small and thin tables of certain minerals,
as musical instruments.

18. Cohesion.

140. According to the various degrees, in which this property ex-
ists, minerals are described as solid ; friable or earthy ; or fluid—A
mineral is said to be friable, when it can be easily crumbled, or reduced
to a coarse powder by a gentle pressure, as by the fingers.

19. Hardness.

141. This property, although liable to a little variation in minerals
of the same species, from partial decomposition or the presence of some
accidental ingredient, still constitutes an important character. It may
often of itself discriminate minerals, that occur together, and much re-
semble each other. Itis evxdent, however, that it is only the relative
hardness, which can be described.

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

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

Thus a body is said to be extremely hard, when it receives no im-
pression from a file, as sapphire ; very hard, when a file produces but
little effect, as garnet ; hard, when it is very little affected by a knife,
but yields to a file without difficulty, and gives fire with steel, as feld-
spar ; semihard, when it yields without much difficulty to a knife, but
does not give fire with steel, as fluate of lime ; soft, when it is easily
cut by a knife, but receives no impression from the finger nail, as car-
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bonate of lime ; very soft, when it may be impressed by the finger nail,
as sulphate of lime.

The method of ascertaining the hardness of minerals by the gteater
or less degree of ease, with which they yield to the point of edge of &
knife of well tempered steel, is useful and important. But it is obvious,
that a greater or less power of giving sparks with steel cannot acourate-
ly indicate the hardness. The friability of a mineral, as of some sand-
stones, may prevent it from giving sparks, although its grains are suffi-
ciently hard—~On the contrary, a soft mineral may give sparks, from.
the intermixture of minute grains of some harder substance, as in the
case of certain limestones, containing quartz. In fine, the number and
liveliness of the sparks depend not only on a certain degree of hard.
ness, but also on the sharpness of the edges of the mineral, which ena-
bles it readily to detach particles of steel, when smitten. Thus-the
sapphire, though much harder than flint, does not give sparks so freely,

It is also true, that, in cutting or scraping a mineral with a sharp
instrument of steel, the apparent hardness will often depend in part on
the greater or Jess degree of cohesion between the grains or. minute
parts, of which the body is composed.—In exammmg the hardness of
fibrous minerals, the instrument should move, in the direction of the
fibres, ar on the surface of a cross fracture.

143. It appears to be a more definite method of ascertaining tbe
cemparative degrees of hardness to determine in what order minerals
impress or scratch each other ; and in this way, the hardness of a min-
eral in the state of grains may be discovered. Thus,in the series,
diamend, sapphire, chrysoberyl, garnet, quartz, feldspar, phosphate of
lime, carbonate of lime, and sulphate of lime, each mineral is scratch-
ed by that, which precedes it.

According to this method, minerals must be arranged under several

divisions. The first division may comprehend all minerals, capable of

scratching crystallized quartz, a substance possessing a very uniform
degree of hardness. The different substances, which compose this
division, are to be so arranged, as far as practicable, that each preceding
substance may be understood to scratch that, which follows it—The
second division may exhibit a similar arrangement of those minerals,
which are inferior in hardness to the preceding, but still capable of
scratching some particular kind of glass—Crystallized carbonate of
lime may form the basis of a third division ;—and the last division may
contain those minerals, properly arranged, which are inferior in hard-
ness to carbonate of lime.

144. In cxamining the hardness of crystals, it must be remembered,
that the solid angles and the edges of the primitive form are sensibly
harder, than those of the secondary forms, or even than those, produced

8
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. 'The brender fibves ar¢ froquently separasble from each dther, and
often ferminate jn a crystal, which causes them to appear pointed. In-
deed minerals, having a fibrous structure, are always the result of a
disturbed crystallization, and are often obvieusly compesed of acicular
crystals, adhering longitudinally.

. The structure just described is often divided into two kinds. When
the fibres are tpo narrow to be measured, the structure or fracture is
eaid to be fibrous ; but, when the fibres become broader, it is said to be.
radiated. They are, however, fibres in both cases ; and their compara-
tive breadths may be sufficiently indicated by the terms aiready men-
tioned. If greater accuracy be requisite in regard to the broader fibres,
their average breadth may be estimated or actually measured.

149. Foliated, laminated, or lamellar structure.* This structure is
found in minerals, composed of thin plates or laminee. When such
minerals are broken, the surface of the laminz appears smooth, shining,
or polished, like the surface of a crystal. In fact, minerals, having &
folisted structure, are always the result of crystallization ; and, when
they are divided or separated in the direction of their laminee, it cannot
with propriety be called a fracture; it is really a mechanical division
of a crystallized substance (39).

.Several particulars are to be observed in regard to. this. structure.
The magnstude of the lamins may vary from very large to very small. In
some cases, a single plate extends threugh the whole mass ; in others, the
plates resemble very minute scales, net easily discernible, except by
the reflection of light from their polished surfaces. If the mineral be
composed of granular distinct concretions, the size of the folia or lamel-
lee is determined by that of the grains~—The direction of the lamine
may be straight ; curved ; undulated ; or indeterminate, that is, lying
irregularly in varipus directions.

The most important circumstapce, oonnected with this structure, is
the direction or,directions, in which 1t is exhibited ; or, in other words,
the directions of the natural joints of the mineral, for it is at these only,
that a cleavage or mechanical division can be effected (36). In some
minerals, there is but one directign, in which their component lamine
can be so separated, as to exhibit a smooth, shining surface. Other
minerals may be divided in two, three, or more directions. But in all
cases, where the mineral ccn be thus divided in two or more directions,
it is very important, that the angles, which the lamine form with each
other, should be aocuratel,y‘ measured. This measurement renders
mechanical division even in masses, which have not a crystalline form,
an important character in determining the nature of the mineral.

-mmwu-mnnumnm.nmnmummum
The first may be viewed as the most general, and as indicating nothing in regard to the size of the -

“a or lamine. The second is usually applied to minerals, composed of large lxmins ; and the third t»
‘s¢, whose lamins are small.
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The structare, of which we are speaking, is said to be perfectly or
imperfectly foliated, according as the plates or folia separate with more
or less ease, and exhibit a surface more or less smooth and polished.
Sometimes the folia appear only on certain parts of the surface, and
cause it to glimmer.

Some minerals, when broken, exhibit long and narrow laminee or
plates, more or less resembling the blade of a knife, and often very thin
at one edge. Such minerals are sometimes said to have a bladed struc-
ture. The blades or laminee, variously aggregated, are sometimes only
imperfect, compressed prisms, and always the result of imperfect
crystallization.

150. Slaty structure. Mmemls, exhlblhng this structure, are com-
posed of somewhat thick and extensive layers, which may be streight,
curved, or undulated ; but the surfaces of the layers are not smooth and
polished, as in minerals, having a foliated structure. They split in one
direction only ; but the layers are often traversed by nearly parallel seams.
In fine, this structure appears in substances not crystallized, whereas
the foliated belongs to minerals, more or less perfectly crystallized.

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

151. Granular structure. 'When a mineral is composed of grains,
either large or small, but still visible to the eye, its structure may be
called granular, as in granular limestone. Such minerals are sometimes
described as composed of granular distinct concretions (187). The size
of the grains may vary from very coarse to very fine, which are not
perceptible without the aid of a glass.

Sometimes the structure of each grain is lamellar or foliated, as in
the preceding example ; and this compound stru'cture of the mineral is
called granularly folwtod.

When the grains become invisible to the eye, even with the aid of a
glass, in consequence of their minuteness, the mineral is said to have &
eompact texture ; such is that of jasper.

22. Fracture,

152. By the term fracture is intended the appearance of theun:faoe.
produced by breaking a mineral in any direction, which does not coin-
cide with a nitural joint or seam. We have already (147) explained
the distinction between the terms structure and fracture, and also what
is to be understood by a fibrous or foliated fractare.

In minerals not crystallized, the fracture may be made in any di-
rection, provided natural seams be avoided.—In minerals of a prismatic
form, it should be stated, whether the fracture be longitudinal or traus-
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verse ; for these are often different. Thus a prismatic cryshl of hom-

- blende may ‘be mechamcally divided in the direction of its axis, that is,
its longitudinal fracture is foliated ; whereas its transverse or cross
fracture is uneven.

We are now to describe the several varieties of fracture.

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

154. Even fracture. This scarcely needs a remark. The surface
produced is nearly plane, having few or no perceptible inequalities. It
sometimes passes into the large conchoidal fracture.

155. Conchoidal fracture. A fracture is said to be concholdal.
when its surface exhibits concave depressions, and convex elevations,
as if it had been impressed by a shell; and hence its name. These
cavities and elevations have a roundish form, and their surface is some-
times marked with projecting lines or wrinkles~This fracture may be
perfectly or imperfectly conchoidal. .The cavities may be large, or very
small ; deep or flat, the latter of which passes into the even fracture.

Some varieties of this fracture are with great propriety said to be
undulated.—When the cavities and elevations are imperfect and small,
with irregular boundaries, this fracture gradually passes into the
following.

156. Uneven fracture. This exists, when the surface, produced

" by the fracture, exhibits numerous inequalities. The elevations on this
surface are usually sharp or angular, somewhat abrupt, and irregularly
disposed. According to their size, the fracture is said to be coarse or
Jine grained uneven. It passes into the following.

157. Earthy fracture. The surface of this fracture is rough, the
elevations and depressions being very minute. Minerals, which pre-
sent this fracture, are dull and opaque, and have probably been formed
by precipitation from some fluid, in which they were minutely di-
vided and suspended, rather than dissolved. Chalk exhibits this
fracture.

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

159. When a mineral of a moderate size receives a heavy blow, it
usually separates into a number of fragments, which are commonly very
irregular in their shape. But, when the mineral has a crystalline struc-
ture, and its laminee easily separate at the natural joints in two or more
directions, the form of the fragments is more or less regular. Hence
they are sometimes prismatic, cubic, rhombic, trapezoidal, &c.—When
the fragments are somewhat irregular, they may still assume a deter-
minate form. Thus, they may be cuneiform, like a wedge ; splintery 3
tabular, &c. In most cases, even these forms-result from a confused
erystallization, or the aggregation of imperfect crystals.

‘When the fragments are altogether n'regular or mdetermmate in

their form, they may still be distinguished in some degree by their -

edges and angles, some being sharp edged, and others blunt edged in
various degrees.

24. Tenacity.

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

25, Magnetism.

161. It is well known, that two north or $wo south poles of a mag-
netic needle repel each other, when brought near; and, on the contrary,
that a north and south pole attract each other in a similar situation.
Hence any mineral, which, being alternately presented to the twe
poles of a magnetic needle, attracts the one and repels the other, is
said to be magnetic, or to possess polarity.

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

Hence to determine whether a given mineral possess magnetic po-
larity, it is often necessary to employ a needle, which has a very feeble
magnetic power ;. for, if the power of the:needle be in a great degree
superior to that of the mineral presented, éach extremity of the needle
may produce in the mineral a polarity, contrary to its own, and conse-
quently atiraction only will appear at both poles.—A delicate needle is
superior to a magnetic bar for detecting the existence of mnagnetism.
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According to the experiments of Col. Gibbs, the power of a magne
which has been kept, for & long time, lying down in a dark place, i
rapidly and very considerably increased, when the magnet is exposec
in a similar position, to the sun’s rays. (S8ee Magnetic Oxide of Iron.

162. The property of magnetiam is found in certain ores of iror
and in some other minerals, which contain a portion of iron. But iro
does not usually exhibit magunetic properties, unless examined in it
metallic state, or in that of a protexide. When it is highly oxidated
or when it is combined with a certain proportion of sulphur, arsenic, &c
its magnetism disappears. Hence it is, that certain ores of iron, as th
common sulphuret of iron (pyrites), do not appear magnetic, unless pre
viously heated in the flame of a candle, or before the blowpipe, by whicl
they are deprived of a portion of sulphur, or whatever had counteractec
their maguetic powers.

168. It appears, however, that magnetism belongs to a greater num-
ber of minerals, than has been generally supposed. For this discovery,
we are indebted to experiments, devised by the celebrated Haliy, with
that philosophical delicacy, by which he is so peculiarly distinguished.
Such indeed is the delicacy of the experirent, that an extremely minute
quantity of magnetism may be thus indicated.—When the property of

etism can be made sensible only in the mode now to be explained,
it will, in the following descriptions of minerals, be designated, as double
magnetism ; a phrase, suggested by the fact, that the result depends on
the combined forces of the magnetism of the earth and of a magnetic bar.

For experiments with double magnetism, a needle, made of the best
steel, highly magnetic, furnished with a cap of agate or quartz, and
moving on a very fine point, should be employed. It is, however,
scarcely possible to explain the mode of conducting the experiment,
without briefly stating the principles, on which it depends.

It is well known, that, when a magnetic needle is permitted to re-
volve freely on a point, it will remain at rest only in the direction of
the magnetic meridian. 1f the needle is, by any means, a little deflect-
ed from the line of this meridian, it endeavors to return to its former
position with a force, proportional to the sine of the angle, which it
forms with the magnetic ‘meridian. This force continues to increase,
till the needle has passed through 90° and then decreases; but the
increase from 0° to 90° is in a decreasing ratio, or, in other words, it
vequires more force to deflect the needle from 0° to 10°, than from 80°
to 90°;—and the decrease fyom 90° to 180° is in an increasing ratio.
Hence, any force, which is able to move the needle to a point beyond
90°, is more than sufficient to cause it to describe the second quadrant.

If we suppose the needle to be affected by the magnetism of the
earth only, it will rest in the direction of the magpetic meridian. If
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" the south pole of a magnetic bar, lying in the direction of the needle,
and on the same level, be placed near to the south pole of the needle, it
will repel the needle from its original pesition, till the magmetic attrac-
. tion of the earth and the repelling power of the bar are precisely equal ;
—and, by causing the bar gradually to approach the needle, the repul-
sion may be increased, till the needle forms nearly a right angle with
the maguetic meridian—~Let it be supposed to stand at 85°, or between
that and 90° ; it is obvious from the foregoing principles, that a very
small attracting force, applied to the needle, will cause it to pass the
pmnt 90° ;—and, when it has passed this poeint, it will revolve, if the bar.
remains stationary, till it reaches the direction 8f the magnetic meridian.

‘When the needle stands in the position juat described, viz. nearly at
right angles to the magnetic meridian, the mineral, whose feeble mag-
netism i8 to be examined, must be presented near to the needle, in such
mamner, that its attraction may tend to cause the needle to pass the
point 90°. If the mineral possess magnetism, metion will be communi-
cated to the needle~—~Could the needle be made to rest precisely at
90°, motion would then be produced by a smaller degree of magnetic
attraction, than at any preceding point. .

By expenmento with double magnetism, several of the oxides and
salts of iron, which do not affect the needle in the usual mode of trial,
are found to possess magnetism. In fine, M. Haily remarks, that this
character may be employed te distinguish the garnet and chrysolite,
when cut and polished, from other gems of similar colors, but of much
superior value.

-164. Tron, however, is not the only metal, capable of exhibiting
magnetic properties. Pure nickel is attracted by the magnet, and is
susceptible of polarity.—~Cobalt also, according to the experiments of
‘Wenzel and Tassaert, is attracted by the magnet, and capable of be-
coming permanently maguetic. Other chemists, howeyer, attribute this
property in cobalt to the presence of a small quantity of iron.

165. Some minerals, among which are serpentine, granite, gneiss,
and mica slate, although not visibly containing magnetic matter, occa-
sionally affect the needle of a compass, and cause it to deviate several
degrees from its true position. In one instance, the deviation, produced
by mica slate, was found by Dr. J. Webster to be 15°.

26. Electricity.

" 166. It will be recollected, that there are two kinds of electricity,
which are called positive and negative, or vitreous and resinous, accord-
ing as they are produced by exciting smooth glass, or any resinous sub-
stance. It will also be recollected, that, when two bodies possess the
same kind of electricity, whether positive or negative, they repel each

9
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other; but, if one possess positive electncxty and the other negative,
they attract each other.

A considérable number of minerals may be rendered electric by
friction with the hand or woollen cloth ; and, when thas excited, they are
capable of attracting light bodies, or of moying a delicate electrometer.

167. Among the minerals, which ate capable of exhibiting electric
properties, there are a few, which acquire electricity by being heated,
either by simple exposure to a fire, or by immersion in hot water. But
those minerals, which are excited by heat, acquire, at the same time,
both positive and negative electricity ; and so separated, that, on whatever
part of the mineral the poemve may appear, the negative will be found
on the part diametrically opposite. Thus if positive electricity appear on
one side, or at one extremity of a crystal, negative electricity will exist
on the opposite side. or at the other extremity. And it is very remark-
able, ‘that, in crystallized minerals, excitable by heat, the opposite parts
of the crystal, on which the two electricities appear, are almost always
different from each other in their configuration, or number of sides,
although similarly situated in reference to the crystal itself. Thus if
it be a prismatic crystal of tourmaline, and if the two electricities appear
at the two extremities or summits of the prism, these two summits will
differ from each other in the number or situation of their sides.* Most
frequently that part of the crystal, which possesses positive electricity,
presents the greater number of faces. On the contrary, it is usually the
case, that, when a crystal does not become electric by heat, the opposite
parts are similar. Sometimes certain angles or faces possess positive
electricity, while the opposite angles or faces exhibit negative.

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

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

Ores are usually conductors of electricity, with the exception of

* some metallic salts, which become positive by friction.

169. For observing the electricity of minerals the electrometer (Pl
I, fig. 12.) is the most convenient instrument. In this figurea bisa
needle of copper, terminated at each extremity by a small ball, and mov-

® The different configuration of the opposite parts of a crystal, exhibiting the two kinds of elee-
tricity, has been supposed to be a uniform fuct. But more extensive observations seem to show, that it
is not always the case. Some tourmalines from Pegu and quon,vludn g\vetmheleundun.n”ur
to have both its perfectly regular and simil Another J\ PP in the dod
crystals of the horate of maguesin, (Bournen.)
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ing very easily on a pivot at the centre. At c the instrument has a me-
tallic base. If a mineral, which has been excited, either by friction or
heat, be presented near to one of the balls, the needle turngy whether the
electricity be positive or negative ; and the force of the electricity may
be estimated by the distance, at which the needle begins to move.

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

170. If the electrometer be insulated, and the needle then touched
with a stick of excited sealing wax, it becomes negatively electrified.—
‘The metallic base of the electrometer may be omitted, and the lower
extremity of the pivot or wire, on which the needle revolves, inserted in
a base of sealing wax. When the instrument, thus modified, is nega-
tively electrified by contact with excited sealing wax, the needle retains
its electricity a long time, even in damp weather.-

To ascertain the electric poles, or those parts of a crystal, which
possess contnry electricities, let a thread of silk about one fourth of
an inch in length be connected to one extremity of a rod of sealmg wax,
which must then be excited. To this thread of silk, which of course is
negative, let the sides, angles, or summits of the mineral under examina-
tion be successively presented ; and the attraction or repulsion observed
will indicate those parts of the crystal, where the two electricities reside.

171. Sealing wax, when rubbed by most minerals, becomes negative.
There are, however, a few minerals, of which the sulphuret of malybdena
is one, which, being rubbed on sealing wax, communicate to it positive
electricity. In these experiments both the wax and mineral should
possess smooth surfaces of considerable extent.

172. Some minerals acquire electricity merely by pressing them,
for a very short time, between the thumb and finger, applied to opposite
surfaces. This is peculiarly the case with pure, transparent substances,
which, by mechanical division, may be reduced into laminse with two
plane, parallel surfaces. Thus, according to Hally, if a thin, rhombic
plate of carbonate of lime (Iceland spar) be insulated, and pressed upon
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its two broader surfaces, it acquires positive electricity, which contin-
ues from 10 or 12 hours to 3 or 4 days.—Arragonite, thus pressed, pre-
serves its elegtricity about one hour only.— A minute prism of Iceland
spar, suspended by a thread of silk, and excited by pressure, forms a
delicate electrometer. ° )

178. The power of conducting electricity, possessed by some miner-
als, may enable us to detect the existence of metallic matter ; for this
purpose the mineral must be insulated and connected with an electrified
conductor. It must however be remembered, that carbon is also a good
conductor of the electric fluid.

The power of acquiring electricity by heat, the comparative facility,
with which minerals become excited by friction, and the comparative
strength of their electricities, often constitute important characters for
determining the nature of minerals, even when cut and polished. Thus
chrysoberyl may be distinguished from adularia by the great facility,
with which the former is excited.

27. Phosphorescence.

174. A body is said to phosphoresce, when it shines with a feeble
light, unattended by any sensible heat. Some minerals exhibit this prop-
erty, when rubbed against each other, or when scratched by any other
hard body; and a few phosphoresce even when brushed by a feather.
Others must be reduced to a coarse powder, and projected, in a- dark-
ened room, on a shovel or other body, heated but very little below red-
ness. Sulphuret of zinc may be examined, as an example of phospho-
rescence by friction, and the fluate or phosphate of lime, by heat. Some
minerals phosphoresce, when melted by the blowpipe. This appearance
i8 considered by Vauquelin, as indicating the presence of lime.

This property does not appear to be essential to those minerals, in
which it exists; for in those species, which most uniformly phospho-
resce, there are certain varieties, which refuse to yield this light. Thus
the variety of phosphate of lime, called asparagus stone, does not phos-
phoresce ; and certain dark blue fluates of lime from Cumberland, Eng-
land, yield no light whatever. {Bovzrnox.) )

The color of the light is variable, being green, blue, yellow, reddish,
&c. and may even change during the experiment, according to the de-
gree of heat or some other circumstance.

175. In general, phosphorescence more frequently appears in min-
erals possessing color, than in those, which are limpid or colorless.
And perhiaps the most interesting circumstance, attending this property
of ininerals, is the connexion between the phosphorescence and the color
of the mineral; particularly when the former is developed by the action
of heat. In this case, as the light diminishes, the color gradually dis-
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appears ; and, when the color has entirely departed, the phosphares-
cence ceases. (Bovzvon.)

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

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

The presence of & phosphorescent mineral, disseminated in one,
which is not s0, may sometimes be detected by this property.

8. Specific gravity.

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

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

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

For the purpose of a standard, distilled water is usually employed,
a cubic foot of which weighs 1000 avoirdupois ounces. This, we have
already seen, may be called 1000, or 100, or 10, or 1, adding decimals
as far, as necessary. If we assume 1, as the standard, the following
proportion will give the specific gravity of all bodies heavier than
water ;—as the weight, which a body loses in water, is to its absolute
weight, s0 is 1 to the specific gravity required. If the mineral be light-
er than water, add the weight, which is necessary to make it sink in
water, to its weight in air, and then say, as this sum is to its weight in
air, so is 1 to the specific gravity.
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177. On the preceding principles is founded the method of taking
specific gravities by the instrument, commonly called MNicholson’s
Portable Balance (Pl 11, fig. 21).

The body of this instrument is a hollow cylinder of tinned iron, of
which each extremity a and b terminatesin a cone. From the vertex of
the upper cone a small stem of brass a c rises perpendicularly, bearing
on its upper extremity a small tin cup d. From the vertex of the lower
cone is suspended a similar cup e, attached to a cone of lead under-
neath it, as a ballast. Both the cups may be removed, when the balance
is not in use. '

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

To ascertain the specific gravity of a mineral, place it alone in the
uppet cup, and add weights, till the mark on the stem coincides with
the surface of the water ; and suppose this to be 210 grains. Subtract
the 210 grains from the balance weight of 600 grains; and the remain-
ing 390 grains is the absolute weight of the mineral in air. Let the
mineral be now removed to the lower cup; but, as it weighs less in
water, than in air, the mark on the stem will rise a little above the
surface of the water. Additional weights must now be placed in the
upper cup, till the mark on the stem again coincides with the surface of
the water. Suppose this to be 80 grains, which will of course be the
weight of a quantity of water precisely equal in bulk to the mineral.
‘We now have the absolute weights of equal bulks of water and of: the
mineral ; then say, as 80 : 390 : : 1,000 : 4,875, the specific gravity.

If the mineral under examination be lighter, than water, it must be
confined, when weighed in the lower cup ; and the weight of whatever
confines it is to be regarded, as belonging to that of the instrument. In
other respects the process is the same, as the preceding. But, as the
mineral is lighter than water, it is evident the second term of the pro-
portion will be less than the first.

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

Some minerals are rapidly dissolved in water. In such cases some
other fluid, as oil of turpentine, may be employed ; or the water may be
previously saturated with a portion of the same ealt, whose specific
gravity is to be taken.*

178. The specific gravity of minerals, belonging to the same species,
often varies a little, either from the accidental mixture of coloring mat-
ter or other foreign ingredients, or from a more or less intimate com-

. bination of the component parts. But, notwithstanding these variations,
the character drawn from the specific gravity is exceedingly useful.
For by taking the mean specific gravity of several specimens of the
same species in a state of as great purity, as can be procured, something
like a standard of specific gravity for every species may be obtained. In
crystallized minerals, not obviously impure, the variation from the mean,

_ will probably be within the limits of one fiftieth above or below. In

substances not crystallized it must be gmter, especially in certuu
species of ores.

SECTION III,

Chemical Characters.

179. The characters to be described in this section are called
chemical, because it is the business of chemistry to discover and exam-
ine them. They are all to be ascertained by experiments, which pro-
duce a partial decomposition of the mineral, or a separation of its inte-
grant particles. In most cases these characters are exceedingly impor-
tant; more especially when the properties, on which they depend,
belong to the nature of the mineral, unaffected by any accidental
circumstance. Their number is indeed considerable, though but very
few are commonly employed ; and these depend on very simple experi-
nients, easily performed, and requiring very little apparatus. A com-
plete analysis of the mineral is not included in the characters, of
which we now speak. ‘

1. Fusibility. : (

180. When the fusibility of a mineral is mentioned, it is always to

be undersiood, that the flame is supported by atmospheric air, or by air

® The preceding experiments are supposed to be made with distilled water at the temperature of
about 62° Fahr. But, when common water, at a different temp e, is employed, the true specifie

gravity of the mineral in distilled water, at the proper p , must be d ined by oalcul
tion ; for the method of which, reference may be made to treatises on hydrostaties.
In those eases, where the g precision is not requisite, min-water, a* a temperature near to

63°, will give results sufficiently accurate.
Fluid minerals are few in number and rare,  For methods of obtaining their specific gravity, ref-
erence may be made, as above.
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respired from the lungs, unless the contrary be expressed. The effect
produced is nearly the same, whether the flame be impelled by pure
air, or by that, which proceeds from the lungs. But, when oxygen gas
is employed, many minerals, usually called infusible, are easily melted.

To use this important instrument, it is necessary to acquire the
habit of propelling through a tube a constant stream of air from the
mouth, while respiration is carried on through the nostrils. Though
somewhat difficuit at first, it is soon made easy by practice.

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

181. The most convenient and useful method of examining the
fusibility of minerals is by the blowpipe. It is true we do not here
discover the temperatures, at which fusion takes place; we have, how-
ever, the advantage, not only of inspecting the different products of fu-
sion, but also of observing the manner of fusion, that is, the various ap-
pearances, which minerals present, while melting. These appearances
are often very characteristic, and greatly assist in determining the na- -
ture of the mineral. Even when fusion is not effected, it may be
important to observe the changes, produced in a mineral, by exposure
to a high heat.

182. The blowpipe, in its most common and simple form, is a
metallic tube, a little conical, curved near the lower extremity, and
terminating with an aperture about the size of a very small pin.—
Its construction is sometimes varied by expanding the tube, at some
point near the centre, into a bulb, for the purpose of condensing and re-
taining the moisture of the breath, and rendering the current of air more
regular. It is also convenient to have the upper end of the tube tipped
with ivory or wood.—0il, tallow, or wax may be employed to feed the
flame ; and the wick should be bent a little from the aperture of the
pipe in the direction of the blast.

The flame, which is directed by the blowpipe towards the mineral,
assumes the form of a cone, whose sides, however, are not very well de-
fined. But within this flame appears a second conical flame, well de-
fined, and of a bluish colour ;—and it is at the vertex of this second or
interior cone, that the greatest heat exists.

183. Much depends on the size of the fragment to be melted, and

““ot of its support. It is essential, that the fragment should be ex-
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tremely small, never exceeding a grain pf pepper,'and.wbq:tbe min-

eral melts with great difficulty, not larger, than a pin’s head ; otherwise _

a part of it will be without the focus of heat, and may preveat a com-
plete fusion by cooling that part, which is within the focus.

Various methods, depending on the nature of the mineral, must be
employed for supporting the fragment before the flame. Very small
forceps will be sufficient, when the mineral has but little fusibility.
For substances easily fusible, a small platina or silver spoon may be em-
ployed. Sometimes the mineral, either by itself, or mixed with a flux,
is wrapped in a small piece of platina leaf, while exposed to the action
of the blowpipe. This, according to Aikin, is the best support, when
the resalt of fusion is a colored glass. It is important, that these me-
tallic supports should be very small, that they may not absorb too much
caloric. 'When metallic oxides are to be reduced, a piece of very com-
pact charcoal forms the best support. A small cavity is made in the
charcoal, in which even minerals in-a state of powder may be conven-
iently examined, especially if the cavity be partly covered by another
piece of charcoal.

184. Minerals, while exposed to the action of the blowpipe, exhibit
very different appearances, which, being directly before the eye, are
easily obeerved, aud should be minutely described. Sometimes their
color is changed, or entirely disappears ; or phosphorescence is produc-
ed. Some minerals decrepitate, others split or exfoliate, when exposed
to the flame. Some indurate, and contract their bulk ; others effervesce,
or, rising in little blisters, melt with intumescence. It is also impor-
tant to examine the vapor or odor, which may escape during the exper-
iment ; in fine, the color, which some minerals communicate to the
flame, and the different colors, which they exhibit in the yellow and
blue flames, are to be regarded. | .

185. It is important, that the heat should be gradually applied.
Hence the mineral should first be exposed to the heat, which exists even
at & short distance from the exterior of the yellow flame, where phospho-
rescence and decrepitation sometimes take place. Within the yellow
flame, or at its vertex, a red heat is produced, and many important changes

.may be effected ; viz. exfoliation, as in selenite ; intumescence; change
of color; the escape of sulphur and arsenic with their characteristic
odors ; and the fusion ¢f some metals.—When the greatest heat of the
blowpipe is required, the mineral must be held at the vertex of the in-
terior, conical, blue flame.

186. The degree of fusjon, and the results obtained, are to receive

_ attention. On some mincrals the blowpipe produces no effect what-

ever ; others are partially fused, and become rounded on the angles and

edges, or superficially glazed ; and others again melt with great ease.
. 0



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

Many minerals, when melted, yield a globule of perfect glass, which,
in different substances, has various colors, and possesses different de-
grees of transparency. Both enamels and glasses are sometimes porous
or vesicular.

When minerals contain foreign mgredxents. their fusibility and the

pearance of the product may be much altered. If infusible particles
remain diffused through a vitreous mass, a frit is produced ; as whea
feldspar, containing particles of quartz, is fused.

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

187. The compound blowpipe, sometimes mentioned in this treatise,
is a very ingenious and valuable instrument, invented by Professor Hare,
of Philadelphia. In this instrument, the heat arises from the combustion
of a united stream of hyrogen and oxygen gases; and there is scarce-
ly any substance, not combustible, which it does not melt. Professor
Silliman, of Yale College, was early associated with Professor Hare in

his experiments, and has since greatly extended them. See Bruce’s Min.
" Journal, vol. i. p. 199 ; and Silliman’s Journal of Science, vol. i, p. 97.

188. Certain substances, called fluxes, are sometimes added to the
fragment under examination to promote its fusion ; and by their assis-
tance, many minerals, otherwise infusible, may be melted. Some flux-
es also assist in reducing the oxides of metals to a metallic state, while
others tend to preserve or increase the degree of oxidation.—In some
cases, the mineral becomes intimately united thh the ﬂux. in which it
18, in fact, dissolved.

The appearances of the mineral, during fusmn, and also the results
of fusion are variously modified by the action of fluxes. The same flux
becomes differently colored by different minerals ; and different fluxes -
receive different colors from the same mineral.

189. In examining the ores of metals, fluxes are peculiarly useful,
and sometimes absolutely necessary. Some metallic ‘oxides, as those



Bect. S.] ACTION OF ACIDS. 7

of manganese, tobalt, and chrome, are characterized by the color, which
they communicate to glass or a vitréous flux. But it is important, that
the flux should be employed in considerable quantity, that the color,
produced by the oxide, may not be too deep or intense ; for, when this .
is the case, a'blue, red, or green glass may appear almost black.—If
the ore contain sulphur or arsenic, it should be roasted, before the flax
is added.—When fluxes are employed in the reduction of an ore, the
metallic globule is found enveloped in a vitreous scoria.

Different substances are employed as fluxes. They should be redue-
ed to powder, and, if crystallized, deprived of their water of crystalli-
zation.—The more common fluxes are sub-borate of soda (borax), pre-
viously fased into a glass ; nitrate of potash (nitre); a mixture of glass of
borax with the nitrate or bitartrate of potash (cream of tartar).; sub-borate
of soda, in which the excess of base is. neutralized by nitric acid ; -phos-
phate of soda and ammonia (microcosmic salt) ; and carbonate of soda.

190. It is obvious from the preceding remarks, that the changes,
which a mineral suffers before the blowpipe, and the results obtained,
must, in many cases, afford important characters for determining the
nature of a mineral. Often also this instrument enables us to discrira-
imaté between minerals, which, in some charaeters, resemble each other.
‘Thus, if we compare the sulpkuret of lead with the sulphuret of anti-
mony before the blowpipe, the former decrepitates, exhales the odor of
sulphur, and is reduced to a globule of metallic lead, while the latter is
much more easily fusible than the former, and, although it also yields
the odor of sulphur, it is almost entirely volatilized in white fames.—
If we compare the chromate of iron with the magnetic oxide of irom,
the former gives to borax a lively, beautiful green, very different from
the dull green, which this flux receives from the latter~The carbonate
of lead may resemble the sulphate of barytes; but the former is easily
reduced by the blowpipe to metallic lead, while the latter melts into a
white enamel.—The garnet may resemble the red oxide of titanium ;

but the former only is fusible.*

2, Jdction of acids ; and other tests.

191. In most cases it is best to employ either the nitric or mtmatlc
acid, diluted with two or three parts of water. The only apparatus for
these experiments is a concave piece of glass; and nothing is more

®Itis i Y to op onhrgernm,uanunbeexpmed;otheﬂmeohblow-
pipe. In this case reeourse may be had to a crucible, placed in a forge, which, on some secannts, is
ferable to & wind fi And although the g heat of a common forge does not wsually ex-

eecdl!PW yev,bymnmohhrgehellom,hetnly loadcd, the heat may be raised to0 168 W. When
the hearth of the forge has become heated by a previons experiment, the greatest heat may be obtained
mlc-,thnhu‘nhu It is ofien proper to eaamine the ores of metals in a crucible, making use of’

itable fluxes ; especially when an opinion is to he formed ing the expediency of working sach

ares in the large way.
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convenient, than a common watch glass. A small fragment of the min-
epal is to be placed in the glass, and a sufficient quantity of acid poured
on to cover it. If the acid have any action on the mineral, it is then
to be observed, whether the solution take place quietly, or with effer-
vescehce ; and whether the effervescence be copious and rapid, or only
moderate ;—the properties of the gas, which escapes, must also be ex-
amined. In some cases the solution is complete ; in others a residue
is left ; and sometimes the solution becomes gelatinous. It is also to
be obsetved, whether a mineral lose its color by solution, or' communi-
cate color to the solvent; whether it dissolves, when in grains of a sen-
sible magnitude, or only when reduced to a fine powder ; in fine, wheth-
er the solution can be effected at the common temperature of the air, or
only by the assistance of heat—Liquid ammonia may sometimes be
employéed with advantage, as a test.

192. The chemical characters of minerals may be indefinitely mwul-
tiplied and varied, according to the nature of the substance to be exam-
ined. Many of them are so rapidly and conveniently observed, that they .
constitute some of the best distinctive characters between minerals.
Thus the carbonate of lime may sometimes resemble the sulpheie of
lime ; but the former only is soluble with effervescence in nitric acids—
Pyritous copper may resemble the sulphuret of iron ; but it is only the
former of these ores, which, when successively treated with warm nitrie
acid and liquid ammonia, yields an azure blue solution. . .

Other chemical characters will be mentioned under the minerals,
which exhibit them.

¢ =
CHAPTER IIL

SYSTEMATIO ARRANGEMENT OF MINERALS.

SECTION I.

General principles of arrangement.

198. Tux same reasons, which require a distribution of Natural
Science (1) into different branches, render subdivisjons and systematic
arrangement in each branch peculiarly important and useful. Indeed
without a systematic arrangement of facts, these branches of knowledge
could not be considered sciences ; for every science involves a knowl-
edge not only of facts, but of the mutual relations, which exist between
these facts ; and these relations are the basis of scientific arrangement.
Hence to obtain a knowledge of the science of mineralogy, we must
examine the properties of minerals, compare them with each other, and,
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according to the results of this comparison, establish a systematic ar-
rangement. .

194. Such arrangements have already been successfully effected in
Zoology and Botany. The subdivisions, most commonly employed in
those two kingdoms, are the following, descending from the larger to
the smaller ; viz. class, arder, genus, species, and varieties. Of these
divisions the species is undoubtedly the most important, and ought to
be first formed. )

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

Let several groups or specigs be formed according to the same prin-
ciple. If now we compare certain groups or species of plants, we shall
perceive them to agree in some properties, while in others they are un-
like. Abstracting the attention from those properties, in which these
species differ, and regarding their resemblances only, we can 1orm them
into one group, which is called a genus. Here the points of resem-
blance characterize the genus, and those of difference, the species. By
similar comparisons and abstractions, we may proceed to establish or-
ders and classes. It must be evident, however, that the properties, em.
ployed to form the species, are more numerous, than those, which deter-
mine the genus ; and thus continue to diminish, as we ascend to the
higher divisions.

196. The same general principles, so far as they are applicable,
ought undoubtedly to be employed in arranging the mineral kingdom.
But here difficulties arise, which do not exist among animals nor vegeta-
bles. These difficulties originate from the inorganic nature of minerals,
and make their appearance at the yery foundation of the arrangement, .
viz. in forming the species. ) )

197. Could we satisfactorily determine what constitutes a species
in mineralogy, little difficulty would remain in forming the other divi-
sions. Deprived of organization, a mineral has not the power of repro-
ducing another like itself. In organized bodies, on the contrary, this
power of reproduction preserves all the species perfectly distinct,
however nearly they may resemble each otber in their general proper-
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ties. Further, in bodies possessing organic structure, one species can
never pass into another by imperceptible degrees; whereas minerals,
being formed merely by the juxtaposition of their parts, and being con-
tinuaily subjected to the influence of external agents, during the pe-
riod of their formation, are frequently contaminated by substances,
foreign to their true composition ; and individuals of different species
are thus made to approach indefinitely near to each other in their
appearance and propertiés. It must hence be obvious, that no small
difficulty attends the determination of the species in mineralogy ; and
accordingly we find, that different opinions have been entertained, and
different methods employed.

198. So great in fact has been the diversity of opinions on this sub-
ject, that scarcely any two persons have adopted precisely the same
division of minerals into species. But, neglecting the minor and unim-
portant differences between the various methods of arranging minerals,
we may reduce them to two, which may be called the mineralogical
and chemical methods; the former depending chiefly on the external
characters of minerals, the latter on their chemical composition.

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

199. In that, which we call the Mineralogical method, the species is
determined by the external characters. Hence, those minerals, which
possess the same external characters, are supposed to belong to the
same species ; and consequently, if two minerals differ in their external
characters, they must be referred to different species, although the re-
sults of analysis should declare both minerals to be the same substance.

200. In the Chemical method, the species is determined by the
true composition of the mineral, so far as that can be ascertained.
Hence, if the composition of two minerals is known to be the same,
they are supposed to belong to the same species, although their external
charagters should be more or less different.

201. It must however be remarked, that, in the present state of
our knowledge, neither of these two methods can be rigidly adopted,
and thus each preserved perfectly distinct. Even those, who depend
most on the use of the external characters in arranging minerals, are,
in many cases, evidently guided by chemical principles. And, although
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these methods so materially differ in principle and in some parts of the
resulting arrangement, still there are many points, in which they coin-
cide, that is, a large number of species are the same in doth methods.
This coincidence results from the fact, that minerals, which possess
similarity of compesition, generally exhibit a resemblance in their ex-
ternal characters. ‘'This, however, is not always the case. :

202. As each of the aforementioned methods of arranging mmerah
bas received the suppert of very respectable mineralogists, it is proper
to give the outlines of both, whichsoever way be adopted as our guide
in the following work. In describing that method, which depends es-
sentially on the use of the external characters, our attention will be
confined to the system of Professor Werner, as it has been delineated
by his pupils. In stating the principles of the chemical method, there'
will be occasion to refer to the arrangement of minerals by the Abbé
Haliy. (See Art, 236.) A

SECTION II.

Jrrangement of minerals, according to the system of Werner.

203. The Wernerian arrangement of minerals is, in a certain de-
gree, a mixed method. But, as the species, the most important division,
i8 determined almost uniformly by the external characters, it cannot
with propriety be denominated a chemical method, although its dinsions
may not unfrequently correspond with chemical results. Fa our
knowledge of the doctrines, taught by Werner, we are in a great cegree
indebted to the writings of Jameson, a distinguished Professor of Min-
eralogy, at Edinburgh.

The basis of the Wernerian system is stated to be the natural alli-
ances and differences, which exist between minerals. These alliances
and differences depend on the quality, quantity, and mode of combina-
tion of the constituent parts~It is not supposed, that an arrangement,
founded on these principles, will always coincide with the experiments
of the Chemist; for it is only. when chemical results agree with the
natural alliances of the mineral, that they are permitted to have a place
‘in the system.—In fine, it is asserted, that Werner has established and
arranged the greater numbér of species in the mineral kingdom solely
by agreements and differences in the external characters.

The divisions and subdivisions, introduced by Werner into the
mineral kingdom, are the following, taken in a descending series ; viz.
class, genus, species, subspecies, and kind.—Certain species, having a
general resemblance, are sometimes collected into families, especially
in the earthy class.

204. The number of classes is four ; viv. earths and stones ; salts 3
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combustibles ; and ores. This division was first introduced by Cron-
stedt about the middle of the last century.

205. Each class is subdivided into genera. In most cases the genera
are determined by the earth, or salt, or combustible, or metal, which is
supposed to be either the predominant, or characterigtic ingredient. It
will be observed, that a distinction is here made between the predominant
and characteristic ingredient. It is indeed commonly the case, that the
characteristic ingredient, or that, which is most effective in producing
the peculiar characters of the mineral, is also predominant in quantity.
But there are some minerals, which do not appear to be characterized
by that ingredient, which is present in the largest proportion. This
distinction is undoubtedly important; and could we, in cases of mine-
rals, composed of several earths, estimate the relative energies as well,
as the relative quantities of the different ingredients, we might ascer-
fain what is essential to the true composition of such minerals.

206. The first or earthy class contains nine genera. Seven of these
are determined by the predominant or characteristic earth; viz. the
zirconian, siliceous, aluminous, magnesian, calcareous, barytic, and
strontian genera. They, however, exhibit a number of anomalies. Thus
sapphire is placed in the siliceous genus, although it is composed of
alumine nearly pure.

But sapphire is thus arranged in perfect consistence with the true
principles of this system. For the fact appears to be this ; a certain
number of external characters, which siliceous minerals usually exhibit,
being assumed as generic characters, or as a type of the genus, every
mineral, possessing these characters, whether it contain any silex or
not, B8 arranged under the silicious genus.

‘We have mentioned seven of the genera, belonging to the first class ;
the remaining two are introduced into the earthy class, merely in con-
sequence of possessing certain external characters, and in direct oppo-
sition to their true composition. Ome of these is the diamond genus,
compesed of pure carbon, and belonging to the class of combustibles.
The other is called the’ hallite genus (from the Greek &, a salt), be-
cause the minerals, which it contains, resemble native salts ; and they
are, in fact, true salts.

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

208. Combustibles, which form the third class, are also divided inte
four genera ; viz. sulphur; bitumen ; graphite ; and resin.
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209. The class of ores contains as many genera, as there are distinct
metals, found in the state of an ore.

In forming and naming most of the genera, even in this system,
mineralogists have been more or less guided by chemical principles,
whatever deviations may exist in the arrangement of certain species.
In forming the metallic genera, an attention to the constituent parts of
minerals is unavoidable ; for, were these genera to be established by ex-
ternal characters, independent of chemical analysis, the various species
of ores, belonging to the same metal, would not always be collected into
the same genus. Indeed several species of ores would undoubtedly be
arranged among earthy minerals. Thus no one, relying on external
characters only, would associate carbonate of lead with the other ores
of that metal, nor even place it in any metallic genus. (See Art. 212.)

210. The genera are subdivided into a greater or less number of
species; and these, as before remarked (208), ‘are determined almost
uniformly by the use of the external characters. It is true, indeed, that
‘Werner, in the introduction to his treatise on External Characters,
says, that all minerals, which differ essentially in their chemical compo-
sition, dught to form different species; and that those, which do not
differ essentially in'their composition, belong to the same species. This
principle, however, is indefinite, and in many cases entirely useless in
establishing the species, unless we are informed what constitutes an es-
sential difference in chemical composition. Indeed the aforementioned
principle seems to be practically admitted only on the supposition, that
the external characters are always a true index of the chemical compo-
sition ; and, of course, that all essential differences in composition are
clearly indicated by corresponding differences in the external characters.
For, whenever the external characters and chemical composition are at
variance, the species is determined solely by the external characters.
The truth of this will appear by referring to the two species Apatit,
and Spargelstein of Werner; both of which are phosphate of lime,
and really constitute but one species, although somewhat different
in their external characters. Gypsum and selenite are in a similar
situation. . .

‘When the species is extensive, it is subdivided into subspecies; and
these are often further divided into kinds.*

211. A careful examination of this system will render it extremely
probeble, that its author has, in some instances, supposed his distinctions
to be formed by cxternal characters alone, while, though perhaps un-
conscious of the fact, he has been in a great degree guided by the sure

® The preceding mode of classing minerals corresponds with Werner’s last arrangement, whict

was made in 1816 ; for a eopy of whieh the writer 1 indebted to the kindness of Mr. J. G. Cogswell, 8
gentleman ardently devoted to the science of Mineralogy.

11
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hght of chemistry. In many instances, however, no one will deny, that
the distinctions depend on external characters alone.

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

On the other hand, it is objected to this system, that the methed,
which it employs for determining the species, is not scientific, being
founded on principles both arbitrary and variable ; and that consequent-
ly different species are often formed without any specific difference. It
is also objected, that, although the aggregate of external characters be

s presented in description, no discrimination is made between those,
which are specific and distinctive, and those, which are not so. Hence
the most unimportant characters appear in the description of equal
value with those, which are really distinctive, and the reader is of
course unable to characterize the species. It is further objected, that
those, who adopt this system, so rigidly avoid all experiment, that, in
their descriptions, they do not avail themselves of all the advantages in
their power. Thus they express the hardness of minerals very indefi-
nitely, as pretty hard, &c.; they give the specific gravity of bodies by
estimation, saying middling heavy, &c. instead of obtaining it by exper-
iment; and they decline a measurement of the angles of crystals,
although this measurement would render the crystalline form and
structure characters of the first importance.

It is obvious, that some of the preceding objections, though perfect-
ly just, and true in fact, do not necessarily attach themselves to the
system, as they have no connexion with the divisions and arrangements,
which it proposcs. ]

212. Professor Mohs, the successor of the illustrious Werner, at
Freyberg, in Germany, has recently published a new arrangement of
minerals, founded on their external characters. The species is deter-
mined by the primitive form or cleavage, the hardness, and specific
gravity of the mineral. The arrangement of Mohs, with very little
variation, is adopted by Jameson in the third edition of his Mineralogy ; -

the preface of which (p. iii.) he makes the following remarks. This
gement “is founded on what are popularly called the External

A
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Characters of Minerals, and is totally independent of any aid from
Chemistry. This, which may be called the Nutural History Method,
I have always considered as the only one, by which minerals could be
scientifically arranged, and the species accurately determined.”

In the arrangement of Mohs and Jameson, the principles, depending
on the external characters of ‘minerals, are permitted to have their full
operation.—It hence results, that different ‘ores of the same metal are
sometimes widely separated from each other ; indeed several species
among the ores of the metals are actually transferred to the earthy class.
Thus, the sulphate, molybdate, chromate, phosphate, and carbonate of
lead, the carbonate of - iron, and the calcareous oxide of tungsten, &c.
are arranged with the carbonate and sulphate of barytes, the carbonate
and sulphate of strontian in the order Baryte, the sixth order of earthy
minerals.—The green oxide of uranium, the arseniate of cobalt, the
phosphate of iron, the graphite, &c. are arranged with mica, pinite, chlo-
rite, talc, &c. in the order Mica, the third order of earthy minerals.~—
In fine, one variety of arseniate of copper is placed in the third order
of earthy minerals, while the other varieties of arseniate of copper are
found in the fourth order of earthy minerals, called Malachite, which
also contains the phosphate and carbonate of copper.

This arrangement obviously differs in many important points from
that of Werner. But it is remarked by Jameson in a note to his preface
(p- iv), that’« the mineral system,” as it appears in his third edition,
“is to be considered, as realizing those views, which Werner enter-
fained, in regard to the mode of arranging and determining minerals.”

SECTION 1II.

JArrangement of minerals, according to their chemical composi-

tion, or constituent parts.’

213. We are now to direct our attention to that mangementof
minerals, which is designed to be strictly chemical.. But, in order the
more accurately to estimate the merits of the chemical method, it must
be remembered, that our only object, at present, is to establish a system-
atic arrangement of minerals on certain fixed principles—To describe
a mineral in such manner, that it may be easily recognised and referred
to its place in a system already formed, is a distinct object ; and permits
the use of those properties of minerals, which would be insufficient to
determine the arrangement itself. The mode of describing minerals
will constitute the subject of the next section.

214. We have already remarked, that the species, the most impor-
tant division, ought to be first formed.

It must be extremely obvious, that those mmerals, which most re-
semble each ather, belong to the same species. We are then to
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yet been able to discover in what manner these earths are here combin-
ed, nor to distinguish between those ingredients, which are essential to
the composition, and those, which are not, and which may in fact be
considered as accidentally present.

Some minerals, which strongly resemble each other in their physical
or external properties, and which, judging by these characters, evident-
ly belong to the same species, do, however, when analyzed, widely differ
in their composition. Others,‘on the contrary, possessing very different
external characters, appear to be composed of nearly the same ingre-

+ dients, combined in proportions very nearly the same.

218. This singular difficulty in regard to earthy minerals un-
doubtedly arises from two sources ; one of which is the degree of im-
perfection still attached to the present modes of analysis. The other

Waﬂd probably the most extensive in its influence, is our inabil-
ity to determine what ingredients are essential in a compound; or
rather which one, two, or more of its ingredients may be most influential
in producing its physical properties. We have already mentioned (205)
a distinction between a predominant and characteristic ingredient.

 This principle is undoubtedly important in its application to the present
case. Some one or two of the ingredients of a compound mineral, al-
though present in but a small proportion, may be much more powerful
in determining the peculiar characters of that mineral, than another.
ingredient, which exists in a much greater quantity. It is indeed very
probable, that certain earths may be almost always present, in small
quantities, in a mineral, and yet not essential to the composition of that
mineral. These various intermixtures, unessential to the species, may
be supposed to have arisen, at the moment of the formation of the min-
eral, from the various and complicate affinities existing between the
several earths and their compounds. Foreign ingredients may have
thus been interposed, or essential ingredients made to exist in excess.

Hence, perhaps, the reason why different crystals of the same sub-
stance yield to mechanical division with very different degrees of ease.
Hence also one cause of the different results of analysis in minerals of
the same species. Hence also it appears, that, notwithstanding the
numerous though often trivial differences in these results, there may
still be a unity of composition in each species. Hence also it is obvious,
that, in analyzing minerals, an attention to their gangue or matrix is
important ;. for this may have furnished accidental ingredients, or
caused essential principles to exist in excess—It ought heré to be re-
marked, that the difficulties, which have resulted from diversity of anal-
ysis in minerals, supposed to belong to the same species, are gradually
disappearing, in consequence of the progress of chemistry. This pro-
gress is clearly evinced by the discovery of new earths and metals;
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inquire what constitutes the most perfect resemblante between two
or more minerals. Can similarity of color, form, fracture, hardness, &c.
constitute a resemblance so perfect, as that, which ariges fmm identity
of composition? Or can a difference of color, form, fracture, &c. estab-
lish so important a distinction between minerals, as that, which is pro-
duced by dissimilarity of composition? Would not two minerals, both
composed of phosphoric acid and oxide of lead, in the same proportion,
belong to the same species, although the color of one should be brown,
and that of the other green? Would not two minerals, composed of
phosphoric acid and lime, in the same proportion, belong to the same
species, although the forms of their crystals, essentially the same, should
exhibit different modifications? In fine, can properties, liable to numer-
ous variations from trivial and accidental causes, be supposed to establish
the identity of two or more minerals with that degree of evidence,
which is afforded by a well ascertained similarity in composition ? We
hesitate not to answer these questions by saying, that the true composi-
tion of minerals ought to be the basis of arrangement ; and by this only
ought the species to be established. This only can give permanence of
character to the species. The composition of a mineral, that is, the
ingredients proper .and essential to its composition, may remain unaf-
fected by the accidental presence of certain foreign ingredients, which
materially change several of the external characters. '

215. Hence a species may be thus defined ; a collection of minerals,
which are composed of the same ingredients, combined in the same pro-
portions.

216. But, granting that identity of composition constitutes the best
specific character of minerals, are we sufficiently well acquainted with
the composition of minerals to employ it, as the principal character, in
the determination of the species? Is chemical analysis, in the present
state of our knowledge, sufficiently accurate and perfect for this purpose?
To this it may be answered, that the various species of alkaline and
earthy salts, some species of combustibles, and almost every species
among the ores of the metals can be limited and established by their
well known composition. Difficulties may sometimes arise from the
presence of foreign ingredients; but. they are not of sufficient impor-
tance nor extent to affect the gereral principle of arrangement.

217. There remains, however, one class of minerals, composed
chiefly of different earths, combined in various proportions, such as
garnet, feldspar, &c. whose composition is not yet sufficiently under-
stood, to be employed, as the basis of specific or even generic arrange-
ment. This extensive class of minerals is really involved in some
very peculiar difficulties, Analysis can indeed inform us what earths
are present in these minerals, and in what proportions ; but it has not
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yet been able to discover in what manner these earths are here combin-
ed, nor to distinguish between those ingredients, which are essential to
the compositi‘on, and those, which are not, and which may in fact be
considered as accidentally present.

Some minerals, which strongly resemble each other in their physical
or external properties, and which, judging by these characters, evident-
ly belong to the same species, do, however, when analyzed, widely differ
in their composition. Others,‘on the contrary, possessing very different,
external characters, appear to be composed of nearly the same ingre-

- dients, combined in proportions very nearly the same.

218. This singular difficulty in regard to earthy minerals un-

doubtedly arises from two sources ; one of which is the degree of im-

: perfection still attached to the present modes of analysis. The other
\m‘u(,and probably the most extensive in its influence, is our inabil-
ity to determine what ingredients are essential in a compound; or
rather which one, two, or more of its ingredients may be most influential

in producing its physical properties. We have already mentioned (205)

i\ a distinction between a predominant and characteristic ingredient.

| "This principle is undoubtedly important in its application to the present

* case. Some one or two of the ingredients of a compound mineral, al-
though present in but a small proportion, may be much more powerful

in determining the peculiar characters of that mineral, than another.
ingredient, which exists in a much greater quantity. It is indeed very
probable, that certain earths may be almost always present, in small
quantities, in a mineral, and yet not essential to the composition of that
mineral. These various intermixtures, unessential to the species, may

be supposed to have arisen, at the moment of the formation of the min-

eral, from the various and complicate affinities existing between the
several earths and their compounds. Foreign ingredients may have

thus been interposed, or essential ingredients made to exist in excess.

Hence, perhaps, the reason why different crystals of the same sub-
stance yield to mechanical division with very different degrees of ease.
Hence also one cause of the different results of analysis in minerals of
the same species. Hence also it appears, that, notwithstanding the
numerous though often trivial differences in these results, there may
still be a unity of composition in each species. Hence also it is obvious,
that, in analyzing minerals, an attention to their gangue or matrix is
important ; for this may have furnished accidental ingredients, or
caused essential principles to exist in excess.—It ought heré to be re-

- marked, that the difficulties, which have resulted from diversity of anal-
ysis in minerals, supposed to belong to the same species, are gradually
disappearing, in consequence of the progress of chemistry. This pro-
gress is clearly evinced by the discovery of new earths and metals;




86 » OHEMICAL METHOD. {Chap. 3.

and also by the detection of alkalis in many minerals, where, till lately,
those substances were not suspected to exist.

219: It must be obvious from the preceding observations, that, until
the analysis of earthy minerals becomes more decisive, some other
mode or modes must be employed for determining the species. But,
whatever these modes may be, they ought to employ those characters
only, which depend on the nature or true composition of minerals.
In many cases of crystallized minerals, the primitive form, when it can
be ascertained, marks the species with great precision~The species
may also be determined by the form of the integrant particles; for
these forms undoubtedly depend on the elementary particles or true
composition. Itis the adoption and extension of the principles just
stated, which constitute the peculiar traits of the system of mineralogy
by the Abbé Haily. This principle and its application require a more
particular illustration.

220. In the section on crystallization (25) we have already defined
an integrant particle ; and shown in what manner its form may fre-
quently be ascertained by mechanical division (47). It was there re-
marked, that it is known from observation, that, in a large number of
species of - minerals, each species has integrant particles of a form pe-
culiar to itself (53). But it must be distinctly remarked, that, in some
instances, different species do certainly possess integrant particles of
precisely the same form and relative dimensions, although differing in
other properties.

It may, however, undoubtedly be assumed as a universal principle,
that every specjes of minerals has integrant particles, whose true com-
position is peculiar to that species. In other words, no two really
distinct species of minerals can be found, whose integrant particles ex-
hibit the same form and agree in their composition ; for, if their forms
be the same, their composition and many of their physical properties
will differ.’

221. It hence appears, that an integrant particle in the mineral
kingdom corresponds to an individual among animals, or vegetables.
As each plant, abstracted from its individual qualities, is a representa-
tive of all the plants, belonging to the same species, and of the species
itself, so an integrant particle represents the species, to which it be-
longs. The integrant particles of the same species possess the same '
composition, the same form and other physical properties ; and an ag-
gregate of these particles, whether it be crystallized or amorphous,
would exhibit the mineral in a pure state, and possessing all the es-
sential properties, which belong to that species.

222. We therefore conclude, that, in cases, where the results of
chemical analysis are not satisfactory, the primitive form of the crystals,



Seet. 3.] ’ OMEMICAL METHOD. 8y -

and the form and ether essential, physical properties of the integrant
particles, may furnish us with specific characters, on which very great
reliance may be placed in determining that composition, which charac-
terizes the species. Indeed the history of .the Arragonite justifies us
in saying, that such irreconcilable differences of structure and other
important properties may exist between two minerals, whose composi-
tion, in the present state of analysis, appears to be the same, as to ren-
der it proper to suspend a decision in regard to such minerals.

228. The preceding view of the nature, or properties of the inte-
grant particle does not, perhaps, differ from that, given by the Abbé
Haily in his Treatise on Mineralogy. But although he admits, that it
belongs to chemical analysis to establish the basis of arrangement, yet,
in determining the species, he appears to be governed chiefly by the
Jorm of the integrant particles, except in those cases, were different
species have integrant particles of the same form. Hence he defines a
species, a collection of bodies, whose integrant particles are alike, and
composed of the same principles, united in the same proportions. The
latter clause of the definition he adds for the purpose of including
those cases, in which integrant particles of different species have the
same form.

224. Notwithstanding the great reliance, which M. Haily places on'
the form of the integrant particle, he has remarked in his Tableau Com-
paratif, that he does not consider a knowledge of the form of the inte-
grant particle indispensable to the admission of a mineral to the rank
of a distinct species, provided its composition be well ascertained, and
found to be different from that of any known species. Aud it was un-
der these circumstances that he firat introduced the chromate of iron,
as a distinct species.

It appears, that M. Haiiy’s first object in forming hxs aystem of
crystallography was to unite different crystallized varieties of the same
species about one common point, as a nucleus or primitive form ; and
he was thus almost necessarily led to form an arrangement of crystal-
lixed minerals only. But, however perfect this system may be in re- .
gard to the laws, by which various secondary forms are derived from
the sameé primitive form, it is not, even by its celebrated author, sup-
posed equally competent to establish a mineralogical method.

225. The form of the integrant particle is indeed dependant on the
true composition of the mineral, and is unquestionably, in many instan-
ces, a very important character to indicate what is essential to that
composition. But the acknowledged fact, that some species, really
distinct, have integrant particles of precisely the same form, proves that
the character, derived from the form of the integrant particle, being less
general, ought to be subordinate to the true composition. It is hence



’

88 OREMIOAL METHOD. {Chap.s.

obvious, that the form of the integrant particle can never be adopted,
as a universal standard, for establishing the species among minerals.

226. Further, it is by no means evident, that certain minerals,
which have never been seen crystallized, do not constitute really dis-
tinct species, and are in fact only a mixture of several species. We
have remarked, that every species has integrant particles, whose com-
position, and, very frequently, whose form and some other physical
properties, are peculiar to that species, and would, if well understood,
distinguish it from every other species. But, would not the integrant
particles of a mineral remain the same in their real nature, whether
regularly arranged in a crystal, or collected into an amorphous mass ?
In order that minerals may crystallize, they must be placed in certain
circumstances, favorable to this process. Now we find some minerals
have crystalhzed much less frequently than others. And where is the
inconsistency in supposing, that some species of minerals seldom or
never crystallize? We do not indeed know all the circumstances,
under which minerals were placed at the time of their formation; but
is it not perfectly consistent to believe, that the presence of certain
earths, not essential to the species, may, by their counteracting affini-
ties, prevent crystallization ? This we know to be sometimes the case
in mixtures of certain salts. It is true, the number of supposed species,
which has never been seen crystallized, is indeed small. But, if they
are really distinct species, their claims to that rank ought to be assert-
ed, although they have never been permitted to delight our eyes by
their regularity of form.

227. It is unnecessary to describe the genera, orders, and classes,
which exist in the system of the Abbé Haiiy; for they are strictly
chemical as far, as the present state of the science permits, and, of
course, do not materially differ from the arrangement, employed in
this treatise.

228. It may be useful here to recapitulate the principles, we have
endeavored to establish, for a scientific arrangement of minerals, and to
make some additional remarks on the subject.

1. The true composition of minerals is the only sure criterion for
determining the species, and, when known, should be employed in
all cases.

2. When the composition of minerals is entirely unknown, or but
imperfectly understood, other characters, depending more or less on
the composition, must be employed. Of these the more important are
undoubtedly derived from the crystalline form and structure ; the lat-
ter of which may be extended to foliated masses, not possessed of a
regular form; for these often easily yield to mechanical division, and
thus ‘enable us to discover the primitive form. Indeed a careful a}-
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tention to crystalline characters may sometimes remove apparent
difficulties in the results of analysis.

8. The form of the integrant particle may often be employed with
great advantage ; but this alone cannot be relied upon with certainty,
because the same form is sometimes common to different species ; and
hence, if two minerals are found to have integrant particles of the same
form, the other properties of these minerals, examined in a state of pu-
rity, must agree, in order to establish the identity of the two substances,

4. When minerals, whose ingredients are capable of combining in
various proportions, are crystallized, the form of the integrant particle
may be of great use in limiting the species.

5. The form of the integrant particle, and the primitive form of
crystals may be employed with advantage to distinguish what ingre-
dients, found in a mineral, are upessential to the species ; for whatever
can be added: to a mineral, or taken from it, without affecting these
forms, may be considered foreign or not essential. The siliceous car-
bonate of lime (calcareous sandstone of Fontainbleau) affords a striking
instance of a mineral greatly contaminated by a foreign substance,
without affecting the crystalline form.

6. When analysis is wanting, much benefit may be obtained from
the primitive forms of crystals in establishing the species; for it is
worthy of notice, that, when two or more crystals, belonging to differ-
ent species, have the same primitive form, their other physical characters
are, in general, strikingly different ; as in the case of spinelle and mag-
netic oxide of iron. Indeed the primitive form may, in most instances,
be employed instead of that of the integrant. particles.

7. The structure and actual forms of secondary crystals are also
important, provided the various angles of the crystal be accurately
measured.

The nature of amorphous minerals, whether granular or compact,
may often be ascertained by their intimate connexion with well defin-.
ed crystals, or even with laminated masses of the same substance.
Of this, epidote furnishes an important illustration.

8. When all assistance from analysis or the crystalline form is de-
nied, the species must be determined by a well chosen aggregate of
those external characters, such as structure, fracture, harduess, &c.
which depend most intimately on the nature of the mineral. It is
however to be understood, that, in all cases, where the composition is
unknown, the species are to be considered provisional, till the Pprogress
of chemistry shall enable us to reexamine them.

- 229. The number of species, whose composition is not'well known,
even if it were greater than it is, ought not to be offered as an objection
to the principles, we have just stated, for establishing the species. An

.12
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objection of this kind would be saying, that because we have not suffi-
cient light on every object, it should be rejected in cases, where it
shines with the greatest clearness. Neither can any difficylty or con-
fusion arise from adopting a method somewhat mixed, depending in
different parts on different principles. - For so far, as the method is mix-
ed, it arises from an imperfect knowledge of the true composition of
certain miuerals ; and there is reason to believe, that the provisional
species will gradually disappear, either by becoming well established,
or by being associated with other specnes.

280. The preceding pnncxples, it is believed, will enable us to lim-
it and determine every species of simple minerals with as much accura-
cy, as the present state of our knowledge will permit. They embrace
not only well crystallized minerals, but those, which are imperfectly
crystallized, or which exist in foliated masses, destitute of regular
form ; they extend not only to amorphous minerals jn a state of purity,
but also to those, whether crystallized or amorphous, which are more
or less contaminated by foreign ingredients. For it must be remem-
bered, that a systematic arrangement is not designed to embrace those
minerals, which are merely compounds of different species. Difficulties
may sometimes arise in determining whether a given mineral is only
a mixture of different species, or whether it belongs to some distinct
species, but is greatly contaminated by other minerals.

251. We are now briefly to state the manner, in which the higher
divisions are formed. Here also chemistry is to be our guide ; for the
genera, orders, and classes are to be determined, as far as may be, by
the composition of minerals, or by some of their chemical properties.

232. A genus will therefore be composed of certain species, which
possess some common irgredient, and resemble each other in their
chemical properties. In selecting the common ingredient, a preference
should be given to that, which is most fixed and permanent. Thus all
minerals, which are composed of lime, united to an acid, will form one
genus, characterized by a common earth, and receiving its name from
that earth.

288, An order w:ll then be composed of certain genera, whose
bases resemble each other in their nature. Thus all the earths have
certain common properties, in which they resemble each other. Hence
all those genera, which have for their base an earth, united to an acid,
will forin one order, which embraces the earthy salts. It is also to be
understeod, that the chemical properties of the different genera, united
in the same order, should be similar.

234. A class is formed by the union of several orders. But it
must be evident from the general principles of arrangement, that
the relations, which unite orders into classes, must be more gbstract
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and general, than those, which exist between the several species
of a genus, or the several genera of an order. The relations, which
characterize the classes, will be sufficiently explained in the sub-
joined tabulay view of minerals.

2385. The species, when necessary, may be divided into subspecies,
varieties, and even subvarieties ; but these subdivisions are determined
chiefly by the external characters. By these means we are enabled to
preserve a scientific arrangement, and, at the same time, to subdivide
an extensive species, and to descend to any degree of minuteness in
description, which the importance or utility of the species may require.
The followmg general principles will determme the divisions into
subspecles,

1. The presence of any ingredient, not essentml te the species, but
which, nevertheless, produces a considerable change in the specific
gravity, fusibility, or other important preperties of the mineral, may be
the basis of a distinction into subspecies.

2. Different structures and different degrees of cohesion between
the particles are often found in minerals of the same species, and re-

quire divisions into subspecies or varieties. Thus, if only specific .

characters were given, it would be almost impossible to recognise all
the varieties of carbonate of lime, sometimes finely crystallized, some-
times stalactitic, somptimes in a state of powder, and sometimes exhib-
iting a structure, which is granular, fibrous, or compact. But, by form-
ing a mumber of subspecnea and varieties, every important diversity of
appearance in the species may be described. '

8. Subspecies and varieties may sometimes be founded on particu-
lar colors, when these colors, although arising from ingredients unes-
sential to the species, are suﬁicxently constant. Sometimes the differ-
ence of color, which appears in minerals of the same species, is pro-
duced by different coloring matters, and may be employed for sub-
dividing the species.

236. J. J. Berzelius, Professor of Chemistry at Stockholm, has
recently published a chemical arrangement of minerals, founded on
their electro-chemical properties, and on the doctrine of definite pro-
portions. In this system, the earth, silex, is considered an acid, and,
by combining with bases, is supposed to form salts, called siliciates.
Thus, the siliceous oxide of Zinc is called a siliciate of Zinc. (See
Jour. de Physique, tom. 86, pp. 136, 209, 276, 356. Also N. Eng. Med.
Jour. vel. 6, p. 293.)

Professor Clarke, of Cambridge, England, has also published an ar-
rangement of minerals purely chemical.’ In his system, each of the
earths is considered .as a metal, which can exist, in our atmosphere, in
the state of an oxide anly.
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SECTTON IV.
Description of Minerals,

287. It has already been remarked (218), that the description of a
mineral, for the purpose of enabling any one to recognise it and refer it
to its true place in a system, already formed, permits the use of those
characters, which would be insufficient to establish a mineralogical
method. Hence, in describing a mineral, we may employ every char-
acter, whether physical or chemical, which can afford some important
assistance in distinguishing that mineral from those, which belong to
other species, and in conveying an accurate idea of its appearance.

238. It must be perfectly obvious, that whatever is employed in
establishing the species should, in itself, be of universal application ;
such is the true composition of minerals. But it is equally obvious,
that any character, which almost uniformly belongs to a particular
species, will be useful in describing and distinguishing that species.
It is hence evident, that all those external characters, such a‘form,
hardness, structure, &c. which depend more or less intimnately on the
composition of the mineral, are to be employed in description. Even
those characters, which arise from the presence of superfluous or un-
essential ingredients, if their occurrence be sufficiently uniform, are of
important use. Hence the very frequent appearance of a particular
color may furnish a strong presumption, that the mineral in question
belongs to a certain species. Much assistance may also be derived in
some crystallized minerals from the frequent assumption of a parﬁcular
form by some one species ; or-from certain peculiarities of form, ansmg
from truncation or bevelment, &ec.

239. The primitive form of the crystal, when it can be nscertmned
is by no means to be omitted in description. This character, however,
is incapable of universal application ; for a large proportion of minerals
are most frequently found either amorphous, or so imperfectly crystal-
lized, that mechanical division is with difficulty applied. And, in
regard to many minerals, much experience and practical skill are
requisite to discover the natural joints and dissect a crystal with a
sufficient degree of accuracy; more especially to obtain the form of
the integrant particles.

But a measurement of the angles of a crystal, whether those, formed
by the inclination of contiguous faces to each other, or the plane angles
of the fuces, may be easily and accurately effected, and constitutes a
very important and useful character. For, in any given species, all the
crystals, belonging to the same variety of form, have their correspond-
ing faces inclined to each other in angles of a constant quantity. This
measurement is often particularly useful in cases, where certain faces
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of a crystal have taken an undue extent, and where other déviations
from the usual form have been produced. Thus in hexaedral prisms of
quartz, terminated by six-sided pyramids, the mutual inclinations of
the faces remain the same, however much the prism may be compres-
sed, or the faces of the pyramids unduly extended.

240. It is extremely important, that the characters, used in describ-
ing minerals and referring them to their proper species, should be sus-
ceptible of easy and expeditious application. Hence the advantage of
employing certain chemical characters, and also those external charac-
ters, which can afford a satisfactory degree of evidence.

But the various external characters, which may be usefully employ=
ed in description, ought not te be indiscriminately detailed. On the
contrary, those, which are ‘most important, distinctive, and characteris-

- tic, should be particularly designated, either by being placed first in the
description, or by being collected into a distinct paragraph. Hereby a
pupil will save time and labor, and may avoid many perplexities.

241. Another character, peculiarly important to the practical min-
eralogist, and which ought never to be omitted in description, remains
to be mentioned. This is called the geological character, and depends
on particular associations, existing among minerals. It appears from
observation, that certain minerals often occur together; while others,
on the contrary, have seldom or never been found associated. Further,
some minerals have a particular gangue or repository, in which they
are contained. Thus the staurotide (granatit of Werner) is most usual-
1y found in a micaceous slate.

The greater number of simple minerals are found in compound rocks
or aggregates. But the nomenclature and description of these com-
pounds belong to geology, and will be given at the close of this volume.
A very few general remarks will be sufficient to explain the geological
characters, employed in the following descriptions.

242. Those minerals, which fall under the cognizance of geology,
may be divided into five classes.

1. The first class contains the primitive or primary rocks, such as
granite, gneiss, micaceous slate, certain limestones, &c. These rocks
are chiefly composed of various simple minerals, irregularly crystalliz-
ed, and aggregated without the intervention of any cement. They
never contain organic remains of animals or vegetables. When con-
nected with rocks, belonging to a different class, they occupy the low-
est place, in reference to the centre of the earth. They are therefore
supposed to have been first formed, and have accordingly received the
name of primitive rocks.®

¢ For an explanation of the word formation, s applicd to extensive depotites of minerals, see 1o
wmrio on geslogy, at the close of this volume.
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2. There exists another class of rocks, less distinctly the result of
crystallization than the preceding, in part composed of mechanical de-
posites, and sometimes containing petrifactions. This class, to which
belong graywacké, certain varieties of greenstone and limestone, &c.
lies over the primitive rocks, when both classes oecur together, and is
¢called the transition class.

8. The third class is composed of those, which are called secondary
rocks. These are always situated over or above the primitive or tran-
sition rocks, and often abound with organic remains or petrifactions.
‘They appear to be chiefly mechanical deposites from water ; in this
class we find sandstones, and certain varieties of limestone.

4. Alluvial substances constitute the fourth class. They consist
of clay, sand, pebbles, &c. and are evidently produced in a great degree
by the disintegration of the preceding classes.

‘ 5. Volecanic productions form the fifth class.

CHAPTER 1IV.

NOMENCLATURE OF MINERALS.

243. The nomenclature of most minerals is at present so incum-
bered with synonyma, that it has become extremely perplexing to the
student. He is hereby reduced to the alternative of perpetually re-
curﬂng to books, or of loading the memory with several names, taken
from the various languages, in which modern works on mineralogy
have appeared. These remarks may be illustrated by the example of
epidote. This mineral, which is called epidote by Haiiy, is named
pistazit by Werner, thallite by Lametherie, akanticone by Dandrada,
delphinite by Saussure, glassy actynolite by Kirwan, arendalit by
Karsten, glasiger strahistein by Emmerling, la rayonnante vitreuse
by Brochant; &c. This is indeed an extreme case, and few other
minerals have received so many synonyma.

‘We are not only deluged with various names given to the same
mineral, but, in some cases, confused by the application of the same
name, by different writers, to substances perfectly distinct. This
multiplication of names is, in many cases, altogether unnecessary; and
sometimes, when a new name has been substituted for one already ex-
isting, the former has been found equally objectionable with the latter.
In all cases, where the chemical nomenclature cannot be applied, it
would perhaps be a good general rule to permit the mineral to bear the
name, given it by its discoverer.

. 244. By some writers the chemical nomenclature has been employed
r— 4 practicable ; but most of the names, by which minerals are
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known, have been derived from the name of the place, where they were
first observed ; or from the name of the discoverer; or from the pre-
vailing color, or some other characteristic property of the mineral.
Sometimes the allusion of the name to the property is very obscure, and
sometimes very trifling ; see the names grammatite, analcime, chabasie,
. &c.* When the composition is unknown, those names, which are alto-
gether unmeaning in regard to any property of the mineral, are perhaps
- the least objectionable ; for they certainly cannot lead to error.

245. In this treatise, the chemical nomenclature will be employed
to designate the species in all cases, where the composition of the min-
eral is supposed to be sufficiently understood ; it will, however, be
accompanied by some familiar, mineralogical name, when such name
exists, and by synonyma from some of the most valuable modern writers.
But many of the aforementioned species embrace important varieties,
which it is necessary to distinguish. This is peculiarly the case with
the carbonate and sulphate of lime. Now these varieties must be dis-
tinguished either by the addition of certain modifying epithets to the
name of the species, or by some single name. The latter mode is
more simple and convenient for general use, and is probably attended.
with fewer objections, than the former. We shall, therefore, whenever
it is practicable, distinguish subspecies and varieties by mineralogical
names already in use and well known.

. In a few instances, a single species, as determined by the composi-
tion, is divided by Werner, according to the external characters, into
two or more species; and distinct, mineralogical names have been
imposed on each. These names may be retained in the chemical meth-
od to designate subspecies or varieties. This is the case with the
species, phosphate of lime ; it is divided by Werner into two species,
apatit and spargelstein, which are merely varieties, but which it is useful
to distinguish. Many obvious advantages will result from retaining these
names already in use, and employing them for the purpose just mention-
ed. Thus sulphuret of arsenic contains two subspecies, the red and
the yellow, which have long been known and distinguished by the
names r and orpiment ; and there does not appear any sufficient
reason for their disuse, ’

246. It cannot with propriety be objected, that the giving of distinct
names to the subspecies and varieties will too much incumber the mem-
ory. For something must be remembered ; and in cases, where a sig-
nificant appellation is unknown, or would be inconvenient, the shortest
name is undoubtedly to be preferred. It would indeed be a fortunate
circumstance, if mineralogists would agree to designate minerals by
some common nomenclature. But, while a systematic and significant

* See Truité de Minéralogie par le Gem Hauy, torge 3, pp. 176 ; 1805 and 227,
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nomenclature of all minerals cannot be formed ; and while respectable
mineralogists continue to establish the species by external characters
alone, and studieusly avoid the use of the chemical nomenclature in
those cases, where it is applicable, every mineralogist must be acquaint-
ed with mineralogical names.

It'is certainly convenient, at least for the purpose of conversation, to
be able to designate a mineral by a single name. But, if names are
given to species only, it will be necessary to employ description, or, at
least, one or two epithets to distinguish any particular variety, of which
we wish to speak.

247. The names of earthy minerals, whose true composition is not
well known, and where consequently the chemical nomenclature is
inapplicable, will, in general, correspond with those employed by Kir-
wan and Jameson, which are probably most familiar in this country,
and are in most cases preferable to those of the Abbé Haily. There
must, however, be 8 number of deviations from their nomenclature.
Some minerals, now known, are not mentioned by the two former
writers. Other deviations necessarily arise from the late accurate
and scientific researches of Haiiy and other French mineralogists,
who have shown, that, in some instances, minerals really distinct have
been collected into one species. Two or more new species will
hence arise, and must retain the names, they have received. In other
cases it appears, that minerals, which really belong to the same species,

" have been separated, and must again be united. These new associa-
tions and separations cannot fail of producing some degree of confusion
in the nomenclature ; but the true interests and progress of the science
ought not to be sacrificed to so trifling an inconvenience.

Ingredients of Minerals.

248. The use of the Chemical nomenclature supposes a prevwns ac-
quaintance with the nature of those bodies, which enter into the com-
position of minerals. The following notice will be sufficiently minute for
this place. A more’particular account of the several substances will
be found in the vocabulary at the end of the volume.

The principal ingredients of the mineral kingdom are oxygen ;—
twelve acids, viz. the carbonic, phosphoric, fluoric, sulphurous, sulphuric,
muriatic, nitric, boracic, chromic, molybdic, arsenic, and mellitic ;—
four alkalis, viz. ammonia, potash, soda, and lithia y—ten earths, viz. ba-
rytes, strontian, lime, magnesia, alumine, silex, zirconia, glucine, yttria,
and thorina ;—three combustibles, viz. sulphur, hydrogen, and carbon ;
thirty metals, viz.gold, platina, iridium, osmium, rhodium, palladium,
silver, mercury, copper, iron, lead, tin, zinc, nickel, cobalt, manganese,
grsenic, bigmuth, antimony, tellurium, chrome, molybdena, tungsten,
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titanium, uranium, columbium, cerium, selenium, cadmium, and wo-
danium j—and water.

The acids occur chiefly in combination with the alkalis, earths, and
metallic oxides, forming salts ;—eoda occurs more abundantly than any
of the other alkalis ;—and of the earths, silex, alumine, lime, and mag-
nesia are the most important and abundant.

Oxygen, hydrogen, sulphur, carbon, and the metals are supposed to
be simple bodies ;—but the acids, alkalis, earths, and water are known
to be compound.—It will also be recollected, that the alkalis potash,
soda, and lithia, and all the earths are compounds of oxygen with pe-
culiar bases, which, in most cases, appear to possess metallic properties

' more or less distinctly. Thus, potash is a compound of oxygen and a
base, called potassium ; silex is a compound of oxygen and a base called
gilicium or silicon.—Hence these alkalies and the earths may without
impropriety be considered oxides, as in Prof. Clarke’s arrangement of
minerals, where the earth, silex, is called oxide of silicium,—~barytes,
oxide of barium, &c. But several reasons induce us to retain, for the
present, the divisions alkali and earth.—It must be obvious from the

preceding remarks, that oxrygen forms an ingredient of a large proper- .

tion of minerals.

TABULAR VIEW OF SIMPLE MINERALS;

according to the order, in which they are arranged and described
n this work.

249. In the following tabular view of simple minerals, the divisions
into species and the nomenclature of the species are perhaps as strictly
chemical, as the present state of mineralogical knowledge will permit.
In the class of earthy compounds, an accurate division into genera is
impracticable. An attempt has therefore been made to arrange the
species of this class, in some degree, according to their composition,
as far as that can be ascertained from the results of chemical analysis.
In other words, those minerals, which most resemble each other in the
results of their analysis, are collected into the same group. We are
hereby enabled to determine how far those minerals, which appear to
be composed of the same ingredients, united in different proportions,
resemble each other in their external characters.

250. In forming these groups, the latest analyses of the most ex-
perienced chemists have been employed, and principally those made by
Klaproth, Vauquelin, and Chenevix. It has also been an object to se-
lect analyses made on the purest, crystallized specimens. In general,
no ingredient has been considered essential, which dees not occur in at

13

o aleea o
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least five per cent. in specimens dpparently pure ; while, at the same
time, some ingredients, which occur in greater proportiens in specimens
obviously impure, have been rejécted as accidental. After all, it must be
obvious, that this arrangement of the earthy minerals is liable to various
alterations, in proportion a8 chemical analysis becomes more correct.
The important question, which remains to be answered, in regard to
the greater number of the species in the earthy class, is this 3 which
two or more of the ingredients, mentioned in the results of chemical
analysis, are essential o the true composition of each species.

In the tabular view, subspecies, varieties, and subwvatrieties are
distinguished from each other by a different type, and by their position
in the column.

A number of species, recently discovered, and concerning which
little is yet known, are alphabetically arranged in an appeadix to the
earthy class.

Those species, which have never beén analyzed, are marked by
an asterisk. The place of such ‘minerals, whea not contained in
the appendix, is determined merely by some external analogies—
. Subvarieties, though included in the tabular view, are not numbered
in the descriptions.



TABULAR VIEW.

mmeMqhnmhmdehmmmm-m
by a parenthesis, in the column of subspeeies, are App &
uumuuwmwmmmm

CLASS L
Substances not medallie, composed entirely, or in part, of an Acid.
This class contains four orders. In the firat order, the acid is free
& pot combined ; in the secpnd, it is combined with an alkali ; in the
thjrd, with an earth or earths ; and in the fourth, with both an alkali
and an earth. Hence the presence of an acid, provided it be not united
gamehlhcbase.c haracterjzes this class.

ORDER 1.
dcids not combined.
The base of the acid determings the genus. All the species in this

evder have oXygen, as a common ingredient, so combined with a base,
as to produce an acid.

GENUS L ragE.
8ezcies 1. Sulphuric acid. - - - 117
2. Sulphurous acid. - - - - 18
GRNUS IL
1. Muriatic acid. - - - - 118
GENUS IIL
1. Carbonic acid. - - - . - 119
GENUS IV, :
1. Boracic acid. - - - 120
ORDER II'
Alkaline Salts,

These salts are composed of an alkali, united to an acid. Hence
an alkali, so combined as to form a salt, characterizes this order.

Bach alkali designates g geous.
GENUS L 4MMONTA.
1. BSulphate of Ammonia. - - - 121
2. Murjate of Ammonjs. - - - 123
GRNUS IL. POTASH.
1. Niteate of Potash. - - . - 128

GENUS IIL 50D4. ‘
1, Sylphate of Soda. - - . 126
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ASK
8Srpcizs 2. Muriate of Soda. - - - - rl'l?
8. Carbonate of Soda. - . - 182
4. Borate of Soda. - - . - 134

ORDER I11.

Earthy Salts,

These colgsist of an earth, or of earths, united to an acid. Hence
an earth, so combined as to form a salt, characterizes this order. Each
genus is determined by the earth it contains.

GENUS I. BARYTES.

SUBSPECIES,
VARIETIRS AND
SUBVARIETTES.
1. Sulphate of Barytes. - - - 185,774
i lamellar - - 136
: earved - - 17
erested . 7
columnar - 187
rodiated . .« 138
fibrous - 138
concreted - - 139
granular - 189
COHM - - 139
earthy - 139
fetid - - - 140
2. Carbonate of Barytes. - - - 142
GENUS II. STRONTIAN.
1. Sulphate of Strontian. - - 148,774
foliated - 144
fibrous - - 145
, calcareous - - 146
2. Carbonate of Strontian. - - 146
8. Barystrontianite. - - - 147
. GENUS IIL LIME. ' .
1. Carbonate of Lime. - - - 147
Calcareous Spar. - - 149
crystallized - 149
laminated - 151
granular - - 152,774
fibrous - - - 161
Satin Spar, - .
compact - - 162,775
earthy - ‘168
Blue Vesuvian. - - 168
Chalk. - - - 168
Agaric Mineral. - - 170
. Fousil farina, - 170
concreted - - - 1m
Oolite. - 1m
Pisolite. - . 178
Calcareous Sinter- 178
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VARIETIES AND
- SUBVARIETIRS: PAGE
Sracits ‘ A T . L I3
Colcareous Tufa. - - 178
incrmsting - - 1
_Argentine. - - - arr
Apbrite. - . 177
wagnesian - - - 178
¢ Crystallized - - 178,778
Miemite,. - . 179
Dolomite. - . 179,778
X eo[naur - R . 13
. 8 Gurhofite. - -
Brown Spar. fa - 182
siliceous - - - 183
Madreporite. - . 184
fetid - - - 184,775
bituminous - - 186
ferruginous - - - 186
Calp - - - 187
Marl. - - 187,775
indurated - - 188
. Sepuria. - - W
- - 189
Bituminous Marlite. - - 191
2 Arragonite. - - - - 191,775
fibrous - - - 198
coralloidal - - - 194
3. Phosphate of Lime. - - - 194,775
Apatite. - - - 198
Asparagus stone. - - 196
ﬁhfous - - - 198
massive - - - 198
pulverulent - - - 198
.. siliceous - - - - 198
4. Fluate of Lime, - - - 199, 775
. . . - - .
nor sw masive . 3 1:2
compact - - - 201
earthy - . - 201
argillaceous - - - - 201
fetid - - - - 201
5. mte of Lime. - - - - 204
Selenite. - - - 205,776
massive - - - 205
sddcular - - 208
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&rgcirs
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7.

8.

-
h
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b

Plastor afene. -
Anhydrous Suphate of Lime.

silioa-anhydrous

sparry -
granular
thrae
gompact

Silicequs Rarate of Lime. -
Botryolite.

Arseniate of Lime.
Nitrate of Lime.

GENUS IV. MAGNESIA.

Sulphate of Magnesia. -
Carbonate of Magnesia. -

crystallized
compact
pulyerulent

Borate of Magpesia. - -

GENUS V. ALUMINE.
Mellgte of Alumine, -
Phqsphate of Alumjne. -
Subsulphate of Alumine. -

ORDER IV.
Salts with an alkcgline and earthy base.

Subsulphate of Alumine and Potash.

siliceous -
Sulphate of Alumine and Potash.
Fluate of Soda and Alumine.

Glauberite. -
Polyhalite.

- -

CLASS IL

Barthy Compounds, or Stones.

-

PAGE.
207

208
212
213
218
214
2le
M
214
215
216
216
217

217

219,776

219
219
220

221

222
222
224

The minerals, which belong to this class, are composed chiefly of
earths, combined with each other ; they frequensly contain some

metgllic oxide, and sometimes an alkali, or acid.

1. Quarts.

copmon -

282,776

233

235
236
236
236
287
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SUBEROLES,

VARIETIES AWD
SeEciES trised - s - ’;?-;
aventurine - . 238
milky - - - 38
greasy - - 238
radiated - - 238
tabular - - 239
granular - - 9%
arenaceous - . 220
peeudomorphous - - 240
Amethyst. - . 242
Prase. - - 43
ferruginous - - 244
- - 214
noo . e
greenish - 245
fetid - - - A5
Cat’s eye. - - 46
Chalcedony. - - M7
tommon - 47
Cacholong. - - 349
Carnelian. - 250, 776
Sardon - - 250
S8ex pearly Plasna, . - 25
per. . Siliceous Sinter. - - 251
Hynlite. - 252
Michaelite. - - 252
Heliotrope, - - 253
Chrysoprase. - - 258
Opel. - - 254
Pprecious - - 854
o .
Gizt'lol. - - 256
Semi-opal. - i - 9’8:
ferruginous - - 258
{Opalized Woed.) - 258
Flint. - - - R58
swimming - 261
Hornstone. - . 262
(Agatized Wood.) - 263
Silicecalce. - - 264
Buhrstone. - - 265
Jasper. - - - 266
+ common - 266
striped - - 267
Egyptian. - 267
(Porcellanite. - - 269
Leelite. - - 270

| (Agate.) - - 270
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Alumine 4
wewly pure.

S.

5.

7.

10.
11.
12
18.

14.
15.

16.
17.

18.
19.

TABULAR VIEW;

SUBSFECIRS,

VARIETIES AND
SUBVARIETIES.
[ Sprc1xs 2. Sapphire. -

perfect -
blue
violet -
red
yellow -
green
lmpid -
chatoyant
asteriated
Corundum.
Emery.
Diaspore. -
Turquoise. -
Spinelle. -
Ruby. -
Ceylanite.
Fibrolite.- -
Cyanite. -
Rhatizite.
Staurotide. -
Pinite. - -
Bucholzite. -
Nepheline. -
Andalusite. -
Lazulite -
Blue Spar.

Chrysoberyl. -
Topaz.

Pycnite.
Brucite. - -
Gahnite. -

Gadolinite. -
Zircon. -
common
Hyacinth.
Siliceous Slate. -
Basanite.
Clinkstone. -
Pumice. -
Obsidian. -

Pyrophysalite

yACK
- 2738

274

. 275
275
- 275
275
- 275
275
. 275
275
- 276

278

279

282
282, 776

285,777




8rEciESs A4,
5.
28,
27'
Q8.
Sex, Alp.
mine and
Alali,
29.
30.
81.
RI
33.
( 34.
35.
Shex, Ale-
mive, Lime
wd Alkali,
86.
f 7.
e, Al
m'llﬂ 4
| 88.
Silex, Al { 39.
min: and

TABULAR vIEW.
Sunkrecizs,

VARIETIES AND

Pitchstone.
Spodumene.
Petalite.
Lepidolite.
Mica. -

Leucite.
Fettstein.

Killinite,

Taminated
lamellar
prismatic .

-

Gabronite.
Lythrodes.

Lapis Lazuli. -

Schorl.

common
Tourmaline.

Indicolite,

Rubellite. -

Haiiyne,
Gehlenite,
Feldspar.

. fetid
Jade.

common

Adularia,
ili

glassy
Icespar. -
opalescent
aventurine
Petuntze,
granular
compact

Nephrite. -

Saussurite.
Axestotte. -

Emerald.

precious -

Beryl.

Euclase.
Iolite.

14

Peliom.

SUBVARIETIES.

165

racr.
307

308
309
S10
810

811, 777

813
318
s1s

315
816

317
817

817
3819 .
320
821,777
- M
4
822
322
325
326
327
328
320
829
830
- 81
8sl
831
8sg
83g
333

333
833

335
837
3587
839
839

340, 777

340
842
344
345

846
846
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SUBSPECIES,
VARIXTIXS AND
SUBVARIEMRS,
(SpEcies 40, Basalt. - - -
columnar -
tabular - -
globular -
amorphous -
41, Wacke. - -
Iron Clay. -
42. Dipyre. - -
43. Scapolite. - -
44. Indianite. - -
45. Axinite. - - -
46. Garnet. - -
precious -
Pyrope. -
Topazolite. -
Succinite. -
common -
Melanite. -
Silex, Al .
mine tad ol
Lime. Allochroite. .
Colophonite. =
manganesian -
(Romanzovit.) -
47. Aplome. - -
48. Epidote. - -
Zoisi .
arenaceous -
manganesian -
49, Cinnamon Stone. -
50. Idocrase. - -
Egeran. -
51. Meionite. - -
52. B’BSOllte. - -
53. Prehnite. - -
1 .M -
Koupholite. -
L fibrous -
( 54. Adelite. - -
55. Stilbite. - -
Sles, Alu- 56. Zeolite. - -
mine, Lime } Natrolite. -
and Water. mealy - -
Crocalite. -
57. Laumonite. - -
L 58, *Meliﬁte. - -
" . Alumine,
4 M- 59, Sodalite. - : -

PACK.
346

- 3855
857

857

- 3859
859
360,777
62

- 362
363

- %S
363

- 364
364

- 364
365

- 364777
865,777
- 368
368
639,778
870, 778

- 87
871

- 373
373

- 374
876

- 877
877

- 378
3878
- 378

380
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SUBSPECIES,

VARIETIES AND
SUBVARIETIES. PAGE.
8Sprcizs 60. Analcime, - - - 389
Slex, Alu. Sarcolite. - 389
mice, Alkali 61. Bildstein. - - - 890
wd Water. 62. Nacrite. - - - 891
] 63. Chabasie. - - - 391
S Aluine, 64. Karpholite. - - 392
ez, Lime 65. Yenite. . - - 393
e, Lime 66. Schaalstein. - - 394,778
yrere=—an 67. Apophyllite. - - 395,778
S, Albin. - - - 896
" .3‘29;’“‘ 68. Harmotome. - - 396
f 69. Chrysolite. - - - 898
Mlex and common - 398
Maguesia. Olivine. o - 8;%
70. Hypersthene. - - 400,778
71. Tremolite. - - 401,778
common - - %
fibrous ‘]t.’ : - i 408
Baikalite. - - 408
Silex, Mag. 72, Asbestus. - - - 404,778
nesia and Amianthus. - - 405
Lime, common - 406
Mountain Cork. - 407
ligniform - 407
compact - - 408
73. Amianthoide. - - 409
74. Diopside. - - - 410
[ 75. Augite. - - - 411,778
common - - 412
Sahlite, . 414
Fassaite. - - 415
Coccolite, - 415,779
76. Hornblende. - - - 416
common - - 417
basaltic - - 418
lamellar - 418
fbdous - - 419
slaty - . 419
m A‘ll- leiﬂ'hin. - - 4]9
mise, Lime { Actynolite. - - 420,779
& Magnesia, common - - 421
massive - - 431
- ™~ &
fibrous - 1
Pargusite, - 421
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VARIETIES AND
SUBVARIFTIES. PACE
Srecies 77. Anthophyllite. - - 423
78. Diallage. - - - 423
green - - - 44
metalloidal - - 425
Bropzite. - - 425
79, Pyrallolite. - - 426
80. *Macle. - - - 426
81. JMutive Lime. - - 428
82. Hydrate of Magnesia, - 429,779
83. Magnesite. - - 430
Meerschaum. - 430
Argillomurite. - 431
r 84. Serpentine. - - 4383, 779
‘precious - 433
common - - 434
Silex, Ml.g- 85. 'l‘&l_co - - - 436,7 9
ia and common feoue - 4%6
- - 7
ater. ndurated - 1
. scaly - - 438
Steatite. - 438,779
common - 438
L Potstone. - - 441
Slex, Mag- 86. Chlorite. - - 442, 780
nesia and common ay - - iﬁ
Alumine. slaty - - 444
(Green Earth.) - 445,780
(Pimelite.) - - 446
87. Jrgillaceous Slate. - 446
Argillite. - - 446
Shale. - - 450
bituminous 450
Novaculite. - 452
Aluminous Slate. - 453
shining - - 4
graphic - - 454
88. Tvripoli. - - - 454
Rotten Stone. - 455
Polishing Slate. - 455
89, Claystone. - - - 456
90. Clay. - - T e - 457
Kollyrite. - 458
Allophane. - - 458
Lenzinite. - 458
Wallerite. - - 459
Kaolin. - - 460
Cimolite. - - 462




Spreizs

TABULAR VIEW.

sussERCESS,
VARIETIES AND
SUBVARIETIRS,
Potter’s mm-"
- o .
omarge. -
" Mountain Sospe
Bole. - -
Reddle, -
Yellow Earth. -
Unnber, -
APPENDIX.

1. *Amblygonite. - - -

2. *Bergmanite. - - -

3. *Cereolite. - - -

4. *Chlorophamite. - -

5. *Chusite. - - -

6. *Conite. - - -

7. *Desmine. - - -

8. Fahlunite. - - -

9. *Freisleben. - - -

10. *Fuscite. - - -

11. *Haydenite. - - -

12. *Helvin. - - -

13. *Humite. - - -

14 *Limbilite. - - -

15. *Sideroclepte. - - -

16. *Spheerulite. - - -

17. *Spinellne. - - -

18. *Spinthere. - - -

19. *Thulite. - - - -
*Eudialyte. - - -
Gibbsite. - - -
3Gieseckite. - - -

CLASS III. Combustibles.

1. Hydrogen Gas. - - -
carburetted -
sulphuretted: -

2. Sulphur. - - -

3. Bitumen. - - - -
Naphths. -
Petroleum. -
Maltha. -
elastic - -
Asphaltum, -

(Retinaspbaltum.)

109

475

475
476
476
476

- 477

477
v
477
478
478
478
479
479
479
479
480
480
480
480
782
782
783

- 481

“481
482
485
486
487
188
489

489
490

492
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SUBSYRCIXS,

VARIETIES AND

(Fossil Copal.) -

(Hatchetine.)

4. JAmber. - -

5. Diamond. - -
6. Anthracite. -

(Mineral Chaicoal.)

70 anhiteo -

8. Coal. - -

ular - -
conchoidal -
columnar -

foliated -
granular -
cannel - -
slaty -
coarse - -

sooty -

(Dysodile.) - -

9. Lignite. - -

100 Pm- - -

Jet. - -
brittle -
Bituminous Wood. -
brown B
earthy - -
Aluminous Earth.
fibrous -
compact - -

CLASS 1IV. Ores.

GENUS 1.
. Native Gold. -

ot

GOLD.

argentiferous - -
PLATINA.

GENUS IL
1. Native Platina. -

GENUS IIl. IRIDIUM.

-
.

Native Iridium.

GENUS IV. PALLADIUM.

1. Native Palladium.

GENUS V. SILVER.

[
.

Native Silver.

auriferous - -

2. Antimonial Silver.
3. Arsenical Silver.
4. Sulphuret of Silver.

;

-

PAGKEs

- 492
492

- 493
493

- 495
499, 780

- 499
500
- 500
500
- 502
502, 780
- 508
508
- 505
506
- 506
507
- s07
513
- 518

514
- 515
515
- 516

. 517
- a7

518

- 518
518

525,780
526

- 530
532
- 533
534
- 585
536

- 537
587
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1

5.

7.

8.
9.

TABULAR VIEW.

Sulphuretted Antimonial Silver.

Sulphuret of Mercury.

SUBSIECIES,

VARIETIES AND

cupreous -
(Silver Black.)
Cupreous Seleniuret of Silver.

brittle
Carbonate of Silver. -
Muriate of Silver.
argillaceous
GENUS VI. MERCURY.
Native Mercury.
Argental Mercury.

slaty
(Bituminous Cinnabar.)

Muriate of Mercury.
GENUS VIL. COPPER.

Native Copper.

Sulphuret of Copper.

(Black Co

Pyritous Copper.
variegated

Gray Copper.

Dioptase.

SUBVARIETIES:

peeudomorphous

arsenical -
antimonial
Tennantite.
{White Copper.)
Seleniuret of Copper.
Red Oxide of Copper.

foliated
capillary
compact

ferruginous
Carbonate of Copper.

blue

green

(Copper Green.)
Anhydrous Carbonate of Copper.

earthy

fibrous
compact

pper.) -

111

PAGR,
538

539
539
540
542
542
543
548

547
547
548

549
549
549
550

550
552

553
555

556
557
557
559
560
561
561
562
563
563
563

564
564
565

566
566
566
567
568

569
569

570
572
572
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8recies 10,

11.
12
18.

2.

S.

4.

5.

7.

TABULAR VIEW.

(Pitchy Iron Ore.)

sudenieres,
VARIETIZS AND
SUBVARIRTIRS.
Muriate of Copper. - - -
sandy .
Sulphate of Copper. - -
Phosphate of Copper. - -
Arseniate of Copper. - -
obtuse octaedrel
acute octaedral -
hexaedral -
prismatic -
fibrous -
earthy - .
ferruginous -
GENUS VIII. IRON.
Native Iron. - - -
meteoric - -
Arsenical Iren. - - -
argentiferous -
Sulphuret of Iron. - - -
common . -
= e
radiated, -
cockscomb
hepatic -
magnetic - -
: arsenical - -
Magnetic Oxide of Iron. - -
. Native Magnet. -
Iron Send. .
earthy - -
Specular Oxide of Iron. - -
micaceous - -
Red Oxide of Iron. - -
scaly - -
Red Hematite.
compact - -
. poreian )
Brown Oxide ef Iron. - -
scaly -
hematitic -
compuct -
othrey < -
Jdrgillaceous Oxide of Iron. -
columnar -
granular -
lenticular -
nodular -
common . R -
Bog Ore. -

PAGE.
578
- 573
574
- 574
575

- 576
877
- 577
577
- 578
578

- 579

581
- 582
584, 780
. 585
586, 780

- 587
- s38

- 589
589

- 591
592

- 592
593

. 594
595

- 597
599, 781
- 600
601

- 601, 781
602

- 603
604

- 604
604

- 606
607, 781

- 607
607

. 608
609, 781

- 610
611

612
-. 614

588
588
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9.
10.
11.

12.

18.

14.

5.

7.

TABULAR VIEW.

. SUBSFECIES,
VARIRTIES AND
SUBVARIXTIES. PAGE
(Vitreous Black Oxide of lron.) 614
(Stilpnosiderite.) - - 614
(Blue Ironstone.) - 614
(Hedenbergite.) - - 615
Carbonate of Iron. - - - 615
Sulphate of Iron. - - 617,781
Phosphate of Iron. - - - 618
crystalized - - 618
earthy - - 620
(Green Iron Earth.) - - 621
Arsenpiate of Iron. - - - 621
(Skorodite.) - -~ 622
Chromate of Iron. - - - 622, 781
crystallized - ) - 6238
granular - 623
amorphous - - 623
Muyriate of Iron. . - - 625
GENUS IX. LEAD.
Native Lead. - - - - 627
Sulphuret of Lead. - - - 627
common - - 628
granular - 629
compact oo - - 5093
striated - - 629
antimonial - - 629
argento-antimonial - - 630
argento-bismuthal - 630
arsenical - - - 630
cobaltic - - 631
Oxide of Lead. - - - 634
aluminous - - 634
Carbonate of Lead. - - 635, 781
acicular - - 636
columnar - - 636
earthy - - 636
black - - - 637
Carbonated Muriate of Lead. - - 638
Sulphate of Lead. - - 638, 781
Phosphate of Lead. - - - 640
acicular . oa
arseniated - - 641
(Blue Lead.) - - 641
Arseniate of Lead. - - - 342
renifonn - - 648

15

118
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SUBSPECIES,

VARIETIES AND

SUBVARIETIES.

Seaciss X Chromate of Lead. - -

|18
1l

1.

2

NS

1,

cupreous -
Molybdate of Lead. -
Tungstate of Lead. -

GENUS X. TIN.

Oxide of Tin. - -
fibrous -
Pyritous Tin. - -
GENUS XI. ZINC.
Sulphuret of Zinc. -
yellow -
brown
black -
fibrous
Red Oxide of Zinc. - -
Franklinite. - -
Siliceous Oxide of Zinc. -
Carbonate of Zinc. -
compact
earthy
cupreoul
Sulphate of Zinc. -
GENUS XII. NICKEL.
Native Nickel. - -
Arsenical Nickel. -
(Black Nickel.)
drsenite of Nickel. -
GENUS XIIL. COBALT.
Arsenical Cobalt. - -
dull
Gray Cobalt. - -

Sulphuret of Cobalt. -
Oxide of Cobalt. - C-

Sulphate of Cobalt. - -
Arseniate of Cobalt. -
acicular
earthy
slaggy -
argentiferous
GENUS XIV. MANGANESE.
Sulphuret of Manganese. -

645
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ELEMENTARY TREATISE

ON

MINERALOGY.

CLASS 1.
Subslances not melallic, composed entirely, or in part, of an Acid.

"Tu1s class is characterized by the presence of an acid, which may
be free or not combined ; or combined with an alkali; or with an earth;
or with both an alkali and earth.*

ORDER 1. Jcids not combined.

Twelve acids, either disengaged, or in combination with other substan-
ces, are known to exist in the mineral kingdom. They are the carbonic,
phosphoric, fluoric, sulphurous, sulphuric, muriatic, nitric, boracic, chro-
mic, molybdic, arsenic, and mellitic acids. All these, the sulphurous ex-
cepted, are usually found in combination with bases, forming native salts.

Several of the preceding acids, however, have been sometimes ob-
served to exist native in a free state, or not combined with any base.
They are the sulphuric, sulphurous, muriatic, carbonic, and boracic
acids. Bat their occurrence in a disengaged state is very rare, in con-
sequence of their great tendency to combine with other bodies.

The free acids have perhaps never been observed in primitive earths.
"They never occur in large quantities ; the carbonic is the most abun-
dant. In most cases they undoubtedly arise from the decomposition, of
other minerals. '

- GENUS L
This genus contains two acids, whose base is sulphur.

Species 1. SULPHURIC ACID.

The existence of sulpburic acid in a free state is extremely rare.
It may always be recognised by its strongly acid taste, and by the

hd lftbedeﬂninonofmmhdmdypm(mmd.s)herigxdlyo»lietl,drnndm

3d probably be i duced into the mi gdom ; for they are inorganic bodies, found native
st the-haeftheur‘. mmmhqummabkmnmmmmu and
this action it is important to obeerve, whenever it exists. But the nataral history of air and water, and
Qem:aaoﬂlmrnﬁompmpcnie:undoubtedlyhelongto Phiiosophy and Chemistry,

‘Water, indeed, often ins various minerals in solution, and is then ealied s mineral water.
Sach waters nuhemomed,un:nmthgmm-ewﬂnm'mhm
hold in solution.
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118 SULPHUROUS AND MURIATIC ACIDS.

white, insoluble precipitate, which it invariably produces in solutions °

- of the nitrate or muriate of barytes. It has been found native both in

a concrete and imperfectly liquid state. To distinguish this native
sulphuric acid from sulphates with an excess of acid, recourse may be
had to evaporation ; in the former case little or no residue is perceived.

(Localities.) Mr. Baltassari has found this acid in a concrete state
in the grottos of the volcanic mountain, Zaccolino, near Sienna. These
cgncretions are in the form of cauliflowers, pendent from the ceiling of
the grottos, and adhering to sulphate of lime, on which this acid can
have no action. They are probably a compound of sulphuric and sul-
phurous acids. The same grottos contain sublimed sulphur and sul-
phurous acid.—Mr. Pictet mentions a cavern near Aix, in Savoy, from
the roof of which this acid, mixed with water and a li{tle sulphate of
lime, is.observed to drop.—It has also been seen by Dolomieu in many
caverns of Etna.—In the eastern part of the island of Java, 60 miles
from Batavia, it forms a lake in the ancient crater of Mt. Idienne. The
water of this lake holds in solution a large quantity of sulphuric acid,
mixed with a little sulphurous and muriatic acid. Tts temperature at
the edge is 112°. The river, which runs from this lake, destroys ani-
mal and vegetable life, and even’ attacks the minerals, over which it
flows.—In Popayan, near the volcano of Purazé, is a rivulet, whose wa-
ters are strongly impregnated with sulphuric acid. (HumsoLpr.)

In the United States. In New York, at Clifton Springs, in Farm-
ington, 11 miles from Geneva, this acid is mixed with native sulphur,
from which it may be extracted by water. (Gobon.)

Srecres 2. SULPHUROUS ACID:

The presence of this acid, which, when disengaged, always exists
ina ous state, may be determined by its peculiar and suffocat-

‘ing

(Localities.) It has been found only in volcanic countries ; and most

“usually issuing from fissures in the lava, near volcanoes, whose eruptions

it either accompanies or follows. It has also been found in certain hot
springs, near volcanoes, in Italy. Although in most cases its existence
in any one place is transient, depending on the activity of some neigh-
boring volcano, it appears to be constantly disengaged from the Solfa-
terra, not far from Naples ; and from the summit of Stromboli, &e.

GENUS II.
8Species 1. MURIATIC ACID.
Muriatic acid, when not united to other substances, is a gas, having
A peculiar odor, and produces a wlnte precipitate in a solution of the
nitrate of silver.
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(Localities.) . The existence of native muriatic acid appears to be
nearly confined to volcanic regions, where it is observed in a gaseous
- state near volcances, especially during their eruptions. Spallanzani
has obtained muriatic acid from the volcanic glass and pumice of Lipari.
He supposes the acid to have gradually penetrated these volcanic pro-
ducts, after their ejection from the volcano; for in lavas recently eject-
ed he did not find this acid.—Not far from Valadolid, in New Spain,
are springs, whose waters contain muriatic acid gas. (HvxsoLpr.)—
In White Island, on the coast of New Zealand, it exists in the water of
a rivulet, issuing from a lake. This water has a strongly acid taste, a
yellowish green color, and an odor resembling that of a mixture of mu-
riatic and sulphurous acid ; its specific gravity is 1.07. (G4rpzx.)

GENUS III.

Sprrcies 1. CARBONIC ACID.

This acid is sometimes found in a state of gas ; and sometimes it is
dissolved or rather diffused in water, with which its union is extremely
feeble. A few simple experiments are sufficient to detect the presence
of this acid, whether gaseous, or contained in water. Its great specific
gravity, causing it to occupy the lower parts of the cavity, in which it
exists, its power of extinguishing flame, and of producing a precipitate
in lime water, sufficiently characterize it, when in a state of gas. To
water, which has absorbed it in any considerable quantity, it usually
communicates an acidulous taste. But, if- other substances, contained
in the same water, render this acid imperceptible to the taste, it must
then be liberated by heat.

(Localities.) A knowledge of those places, in which carbonic acid
has been observed, or in which it may be supposed to exist, is extremely
important, on account of the deletereous effects, which are often produc-
ed on those, who are immersed in this gas. Thus, as it often exists in
large quantities in mines, caverns, pits, and in some wells, it is dangerous

and often fatal to descend into such places without sufficient precaution. . -

The existence of carbonic acid in a gaseous state is almost exclu-
sively confined to volcanic countries, and to those, which contain cer-
tain deposites of carbonate of tlime, usually called secondary limestone.
In such countries it is often very abundant, occupying the lower purts
of caverns, pits, fissures, &c. or even filling them entirely. Between
Naples and Pozzuolo, in Italy, is the celebrated Grotta del Cane. On
the floor of this cavern, or rather excavation, a stratum of carbonic acid
g2s, about eight inches in thickness, is coustantly found. - If a dog or
any other animal be plunged into this-stratum of gas, it soon -expires.
The Abbé Breislak supposes the quantity of carbonic acid, now disengag-
ed in this grotto and its vicinity, to be much less, than it was in the time
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of Plfny.-'—Nur Bolserina, in Haly, if an aperture of seven or eight feet
in depth be made in the earth, this acid gas is immediately disengaged>~-
" Mineral waters, containing Carbonic icid, are by no means uncom-
mon among rocks or earths of a secondary or late formation, and also in
volcanic countries. Those of Pyrmont and 8pa in Germany, and of
Chateldon and Vichy in Fiance, are well known; at Vichy the water ié
warm, a circumstance rather uncommoh, when it contains Carbonic acid.

In the United States are many springs, whose waters contain Car-
bonic acid. Those of Ballston and Saratoga, in the state of New Fork,
are highly celebrated, and much frequented. The strata in the vicinity,
according to Meade, are argillaceous slate and fetid limestone ; and
the water rises from a bed of sand or gravel with stiff blue clay inter<
mingled. The water of these springs is both acidulous and saline,
Analyses have been made by Steel, Dana, and Meade ; but they differ
very considerably in regard both to the nature and proportions of the
saline ingredients. In 100 cubic inches of the water from the Public
well at Ballston, Meade found 105.6 cubic inches of carbonic acid, and
Steel 90.9 ;—the same quantity of water from the Congress spring at
Saratoga yielded Meade 114.3 cubic inches, and Steel 148.5 of the
same acid gas.

(Remarks.) Different opinious have been expressed on the origin
of this native acid. By some it is supposed to originate from the de-
composition of carbonate of lime by subterraneous fires, or by some other

“acid, or by the action of sulphur; and by others it has been suggested,
that, in volcanic countries, this acid does not preexist in any compound,
but arises from the direct combination of oxygen and carbon. ’

GENUS IV.
Srecizs 1. BORACIC ACID.

Boracic acid, when: pure, is concrete ; and usually presents itself
in the form of small, white, shining scales, which are saft and even unc-
tuous to the finger. When dissolved in alcohol, this acid communicates
to its flame a greenish tinge. It has little taste, and is sparingly soluble
in water, especially when cold. 'When in the form of scales, its specific

" gravity is 1.47. (Kzrwan.) Before thetblowpipe it easily melts into a
transparent glass. It is even fusible in the flame of a candle.

(Localities.) 1t is found in solution in the warm waters of several
small lakes in Tuscany. According to Mr. Hoeffer, it is sometimes in
the proportion of nearly nine grains to one hundred grains of water. If
this be correct, its solubility must be greatly increased by the presence
of other substances in the same waters ; and it is in fact accompanied
) ‘'veral borates, and by the sulphates of alumine, ammonia, &c.—The

f the lakes of Cherchaio is said to yield by evaporation about
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two per cent. of this acid~It is also found on the shores of the same

- Iakes in a concrete state, in the form of small scales, or stalactites, soft

to the touch, and in crystalline graius, of a grayish white color with
yellowish spots.

A substance, found by Mr. Mascagni, near the warm spring of Sas-
20, in Tuscany, has, from that circumstance, received the name of Sas-
sofin ; but Klaproth has ascertained, that it contains 86 per cent. of
Boracic acid. It occurs in grains, crusts, and small masses.

Probably this acid will be found to exist more abundantly in volcan-
ic countries, than has been generally supposed. Smithson Tennant has
described a specimen of concrete Boracic acid from Lipari, of a scaly,
shining appearance, and slightly yellowish from contamination with sul-
phur. Indeed a thin crust of sulphur adhered to one side. This speci-
men was 7 or 8 inches long, and 5 or'6 inches broad, and appeared to
have been taken from a larger mass.—In the crater of Vulcano, it oc-
curs in crusts, often three fourths of an inch thick, and more than a foot
in extent, composed of little pearly plites or scales. It is sometimes
fibrous. (Lucas.)

ORDER I1. JAlkaline Salts.

This order is characterized by the presence of an alkali, united to an
acid, and forming a salt. Few of the alkaline salts ever occur in large
masses ; and they are very often more or less mingled with each other.
They all communicate some peculiar taste tp the tongue, and, when
pure, are devoid of color. They often appear as an efflorescence on
other substances. They are easily soluble in water, and hence are
also frequently found dissolved in that fluid. This order contains -
three genera.

GENUS L. AMMONIA.

This alkali, when not combined, exists in a gaseous state, and has
occasionally been observed in mineral waters. But in those cases it
has undoubtedly originated from animal or vegetable substances. Only
two species, the sulphate and muriate of ammonia, will be described
under this genus. The carbonate of ammonia has, however, been found
in some mineral waters. (Trzonsonr.)

Sreczes 1. SULPHATE OF AMMONIA. JsxEsonw,
" Ammonisqee sulfatée. Houy. Brongniart, Maseagnin. H Vitriolie Ammoniac, Kirwan.
This salt has a sharp and somewhat bitter taste. When triturated
with pure lime, it is decomposed, and the odor of ammonia becomes
perceptible. It is not acted upon by sulphuric acid ; and, when heated
nearly to redness, is chiefly decomposed.
It occurs in stalactites, or in crusts, or in an earthy state. Its

-~
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color, from contamination with other substances, is gray or-yellow of
different shades.

When pure, it is composed of ammonia 14.24, sulphuric acid 54.66,
water 31.10. (K1rwan.)

(Localities.) It is found in the vicinity of volcanoces. Near Turin
it appears on the surface of the earth. It is also found in and near
certain lakes in Tuscany, adhering to the sides of fissures.

Srecres 22 MURIATE OF AMMONIA.

Ammoniaque muriatée. Hauy. Brengniart. Naturlicher Salmisek. Werner. Octabedral Sal Ammonise,
s Le Scl Ammoniae natiC. Brechant. Sal Ammoniac, Kirwon, Jikin, Selmiak. Haurmens.
Sal Ammoniac.

The sharp, urinous taste of this salt, the strong odor of ammonia,
which it yields, when triturated with pure lime, and the disengagement
of muriatic acid gas by the affusion of sulphuric acid, are three of its
most important characters ; by the last of which also it is sufficiently
distinguished from the sulphate of ammonia. It is entirely volatilized
by heat, rising in white fumes; and is soluble, when pure, in about
three times its weight of water.

This salt usually appears in the form of an efflorescence or a crust,
adhering to other substances, or in stalactical or tuberous concretions.
It is often in a state of powder, and completely enveloped in other min-
erals, particularly in lava. In this case, though imperceptible to the
eye, it may be detected by trituration with lime. It sometimes occurs
in small crystals, whose form may be an octaedron, cube, &c.; and has
also been observed in small angular masses with a conchoidal, vitreous
fracture. Its color, arising from the mixture of foreign substances, may
be gray, yellowish white, or even green, or nearly black. Its specific
gravity is about 1.55.

Pure muriate of ammonia is composed of ammonia 25.00, muriatic
acid 42.75, water 32.25. (K'rrway.) A specimen of the native Mu-
riate from Bucharia yielded Klaproth 2.5 of the sulphate of ammonia.

(Localities.) This salt is found most frequently in the vicinity of
volcanoes, near ‘their craters, or in the fissures of the lava; having been
sublimed from the interior of the volcano. At the Solfaterra, which
may be called a half-extinguished volcano, the sublimation of thia salt
is very abundant. It has even been collected for use by condensing it
in long tubes, placed over the apertures, from which it issues.—In Cen-
tral Tartary, 400 leagues from the Caspian Sea, it is found near two,
active volcanoes, and is by the Calmucs distributed through Asia.—~In
Persia, it is mixed with clay or earths, or effloresces on certain rocks.—
It exists also in the vicinity of certain coal mines, which are, or have
been, on fire. In England, at Bradely, near a coal mine on fire, it oocurs
in thin hexagonal tables on octaedral crystals of the same substance ;




SITRATE OF POTASH. 198

it contains a little sulphate of ammoma. (Fixcn.)—Also in Guada-
loupe. (Grrmoe.) |
(Remarks and Uses.) This salt, for the purposes of commerce, is

obtained chiefly from Egypt, where it is manufactured from the excre-

ments of certain animals, which feed on plants, impregnated with mu-

riate of soda. The Muriate is sublimed from the soot, which arises.
from the combustion of these excrements. Ten parts of soot yield
three of this salt.—It is also prepared in various parts of Europe by
different processes.

Mouriate of ammonia is employed in medicine and the arts. In dy-
ing, it is used to heighten certain colors ; in the tinning of iron and in
soldering, to clean the surface and prevent oxidation. As it renders lead
more brittle, it is sometimes employed in the manufacture of shot.

GENUS 1I. POT4SH.

Only one species, the nitrate of potash, will be described under this
genus. Probably three other species actually exist native. The carbonate
and muriate of potash have occurred in minute qunntlhes in some mineral
waters; and the latter of these frequently accompanies the nitrate. Sul-
phate of potash also is said by Mr. Bowles to exist in certain parts of Spain.

8Species 1. NITRATE OF POTASH.

Potame pitratée. Hasy. Brengniart. Naturlieher Salp Werner. Salpeter. Haysmang, Prismatie
] Nitre. Jameson. Le Nitre natif. Brochant, Nitre. Kirwan. Aikin,

Nitre. Saltpetre.

. This salt, whether pure, or mixed with earthy or saline substances,
may generally be recognised by placing it on hot coals. A vivid com-
bustion, accompanied by a hissing noise and slight detonations, is pro-
duced by the oxygen, contained in the salt. Indeed, however minute
the quantity of the salt, it discovers itself by thé production of vivid
poiuts on the coal. Its taste is somewhat sharp and cooling,

It usually occurs in the form of an efflorescence or a crust; and
these efflorescences appear to be composed of very minute fibres or
eapillary crystals.* Substances thus incrusted often have a mouldy
appearance. It sometimes occurs in amorphous masses of considerable
size. Its color may be gmyish or yellowish white, or nearly snow
white. Its specific gravity is about 1.9.

Pure Nitrate of potash is compoud of potash 46.5, nitric acid 53.5.
{Worrasron.) The native nitrate is often more or less contaminated
with other salts.

© This sait, when artificially erystallixed, often exhibits hexaedral prisas, terminsted by hexaedrat
pyramids, and perfectly resembling one variety of crystallized quartz, as far as the eye can determine.
But in the Nitrate the faces of the pyramid form with the sides of the prism an angle of 143° 51/, where-
i the similsr erystgls of quartz the afbremid angle is only 141° 40',

-
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Geologwal situation.) Nitrate of potash is found mative in all
countries, where there are cnrcumstances, favorable to its production 3
and, although much more abundant in some countries than others, it
never presents itself in very large masses. It frequently effloresces on
the soil ; but never exists at a greater depth, than that of a few yards
beneath the surface. Sometimes also it invests the sides of caverns
and fissures in calcareous rocks, which it often corrodes.

The existence of dry atmospheric air, and perhaps of animal or veg—
etable substances, in a state of decomposition, is requisite to the spon-
taneous production of Nitre. It also appears, that the presence of car-
bonate of lime greatly accelerates the formation of this salt; perhaps
" it is a necessary agent in many cases.

Native Nitre has seldom or never been found in pure clay, or in
pure sand. But, if those earths, from which the Nitrate of potash has
been extracted by lixiviation, be replaced in their original situation,
they again become impregnated with the same salt. Old walls and the
vicinity of stables, &c. very often present efflorescences of Nitre.

(Localities.) One of the most remarkable localities of this salt in
Europe is in the Pulo, or cavity of Molfetta, in the kingdom of Naples.
This cavity, which is about 100 feet deep, contains several grottos or
caverns, in the interior of which is found the Nitrate of potash in efflo-
rescences or crusts, attached to compact limestone. When these efflo-
rescences are removed, others appear in about a month. The soil in
this cavity is calcareous, and richly impregnated with Nitre.

The Ukraine, Podolia, Hungary, Spain, France, Italy, Peru, and In-
dia furnish more or less of this salt for the purpose of commerce. Itisin
most cases extracted by lixiviating the earths, which compose the soil.—
It has also been observed in the waters of certain springs in Hungary.

In the United States. In Georgia, at Nicojack, in Rackoon Mt.
half a mile from the south bank of Tennessee river, in a cavern, the
entrance to which is 50 feet high, and 160 feet wide ; from its mouth
flows a stream of water 6 feet deep, and 60 feet wide. One bushel of
earth from this cavern, containing the nitrate both of potash and lime,
yields from 3 to 10 pounds of crude nitre, which sells at about 16 cents a
pound. The nitrate of lime is decomposed by wood ashes. (CoznzL1vs.)
—In Kentucky, calcareous caverns abound, and furnish large quantities
of Nitre. The earths, which exist in these caverns, and which contain
both the Nitrate of potash and the nitrate of lime, are lixiviated ; and
the lixivium is then made to pass through wood ashes, by the alkali of
which the nitrate of lime is decomposed.* After due evaporation, the
Nitre is permitted to crystallize. One of the most remarkable of these

® It appears that two bushels of -hu,mdelvybummgthdry wood in Inlhwtnn,eumn
much alkali, as eigh bushels of ashes, obtained from the oak.
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caverns is in Madison County, on Crooked Creek, about 60 miles 8. E.
from Lexington. This cavern extends entirely through a hill, and
affords a convenient passage for horses and wagons. Its length is 646
yards ; its breadth is generally about 40 feet; and its average height
about 10 feet. One bushel of the earth in this cavern commonly yields
from one to two pounds of Nitre; and the same salt has been found to
exist at the depth of at least 15 feet; even the clay is impregnated
with nitrate of lime.

Kentucky also furnishes native Nitre under a very different form,
and constituting what is there called the rock ore, which is in fact a
sandstone, richly impregnated with Nitrate of potash. These sand-
stones are generally situated at the head of narrow vallies, which tra-
verse the sides of steep hills ; they rest on calcareous strata, and some-
times present a front from 60 to 100 feet high. When broken into
small fragments and thrown into boiling water, the stone soon falls into
sand, one bushel of which, by lixiviation and crystallization, frequently
yields 10 pounds and sometimes more than 20 pounds of Nitrate of
potash, The Nitre, obtained from these rocks, contains little or ne
nitrate of lime, and is said to be superior for the manufacture of gun-
powder to that, extracted from the aforementioned earths.

Masses of native Nitre, nearly pure, #hd weighing several pounds,
are sometimes found in the fissures of these sandstones, or among de-
tached fragments. Indeed it is said, that these masses of native Nitre
sometimes weigh several hundred pounds.—A black, bituminous sub-
stance in masses of a few ounces weight sometimes accompanies the
native rock nitre; its odor resembles that of bitumen combined with"
musk. It is found in the crevices of the rocks, near the basis of the
side walls. (Brown.) A similar fact was observed by Barrow in
Southern Affica, in a cavern, containing nitre, in sandstone.—A cavern,
still more extensive, is said to exist in Henderson County in the same
State.—In Ohio, 2 miles from Gallipolis, and in various other parts of
the State. The nitre is obtained from earths, found in sheltered places,
which are formed by the projecting of large masses of sandstone ; some- -
times also it occurs in masses of considerable size. (Ar#arer.)—Cal-
careous caverns, containing nitre, occur also in Tennessee, and in some
parts of Virginia and Meryland ;—at Hughe’s cave near Hagarstown,
in Maryland, this salt has already been manufactured. (Harpzn.)

(Artificial nitre beds.) The various sources of native Nitre are
not, however, sufficient to answer the demands of chemistry and the
arts. To supply this deficiency, artificial nitre beds are prepared, in
which are placed earths from the vicinity of inhabited bulldlngs, old
plaster, vegetable matter, &c. To these are added blood, urine, &c.

17 .
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Sulphate of soda, in many of its properties, resembles the sulphate of
magnesia (Epsom salt) ; but it is less bitter, and its solution remains ap-
perently unaffected by the additjon of an alkali, whereas a solution of the
magnesian sulphate, when similarly treated, yields a copious precipitate.

(Beological situation.) This salt is often contained in mineral
waters ; but, whether thus dissolved, or in an earthy state, it is found
most frequently in the vicinity of springs or mines of muriate of soda.
Its formation is, in many cases, undoubtedly to be attributed to the
mutual action of muriate of soda and sulphate of magnesia.

Sometimes its efllorescences are attached to certain argillaceous
slates, or exist on the surface of the soil ; and sometimes they appear
on the walls of mines, or of brick buildings, &c.

(Localities.) Small quantities of this salt exist in most countries, es-
pecially in the colder latitudes; but it is seldom found in large masses.
Itis abundant in the lakes of Siberia, on the bottom of which it appears,
when the temperature of the atmosphere is reduced to the freezing point
of water ; it is sometimes so abundant as to be collected for use~At
the foot of the Uralian mountains, near Tscheliabinsk, it effloresces on
the soil in the spring of the year, but does not appear to extend far be-
low the surface.—~At Eger, in Bohemia, it also effloresces on the ground.

The Sulphate of soda, employed in medicine, is chiefly obtained
during the extraction of muriate of soda from sea water, or of muriatic
acid from the muriate of soda.

SPECIES 2. MURIATE OF SODA.

Soude muriatée. Hauy. Brongniart. 1z, Werner. Hi Hexabedral Roeksalt.
Jameson. Le Sel de Cuisine. Brochant. Common Salt. X?rwan,

Commion salt.

This salt is easily distinguished by its well known saline taste. It
is not unfrequently crystallized ; and the primitive form, under which
also it usually appears, is a cube, which, by an undue extent of two op-
posite faces, sometimes becomes tabular, or prismatic. But it most
frequently occurs in large masses, which have a structure more or less
distinctly foliated, and a strong vitreous lustre, when recently broken.
Its fracture is uneven or conchoidal. These masses are often compos-
ed of granular distinct concretions.

Sometimes also it is in capillary crystals, or in masses, composed
of parallel ﬁbm.

This salt is in general strongly translucent, and sometimes even
transparent and limpid. Its color is commonly gray or white, often
tinged with other colors; but it also presents certain shades of red,
blue, violet, brown, green, or yellow, all arising from impurities. Its
specific gravity is 2.14.
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After sufficient time, the earth, which remains in’ these beds, is lixiviat-
ed, and an impure nitre is obtained.

We have not room minutely to describe the process of manufactur-
ing this salt; but perbaps the following simple mode of purifying the
impure nitre is not generally known. It is thus given by Brongniart.

The impure nitre, previously pulverized, is to be washed three times
in cold water in the proportion of 35lbe. of water to 100ibs, of the salt ;
taking care entirely: to pour off each water, before another is added.
These washings separate the greater part of the muriate of soda, and
the deliquescent salts, such as nitrate of lime, &c. When thus washed,
the nitre is to be dissolved in one half its weight of boiling water. Om
cooling, the salt begins to crystallize, and, by agitating the liquid dunng
this process, extremely minute crystals are obtained. These crystals,
when drained, are to be washed with 51be. of cold water for every 100lbs.
of the salt, and then dried in a temperature of about 45°. The nitre,
thus obtained, is well adapted to the manufacture of gunpowder.

(Uses.) The uses of this valuable salt in medicine, chemistry,
metallurgy, and in the manufactures of - gunpowder, nitric acid, &e.

are well known.

GENUS III. S0DA.

Four species, some of which are very important, will be described
under this genus. A fifth, the nitrate of soda, probably exists native,
but is extremely rare.

8precies 1. SULPHATE OF S80DA.

Soude sulfatée. Hauy. Brongniart. Naturliches Glaubersalz, Werner. Prismatic Glauber Salt. Jameson.
' Le Sel de Glauber natif. Brechant, Glauber's Salt. Kirwen, Glanbersalz. Hausmann.

Glauber’s salt.

The taste of this salt is at first saline and cooling ; but it leaves an
impression nauseously bitter. It is very soluble in water, and yields
prismatic crystals, terminated by diedral summits. The crystals are usu-
ally irregular, and deeply striated. They rapidly effloresce in the air.

This salt occurs in an earthy state ; sometimes also in efflorescences
or crusts, and rarely in concretions, or in prismatic or acicular crystals.
Its color is usually yellowish or grayish white.

Pure Sulphate of soda is composed of soda 19.24, sulphuric acid
24.76, water 56.00. (BerzerLrvs.) The native Sulphate is usually
much contaminated by other salts, among which are the carbonate and
muriate of soda, sulphate of magnesia, &c.

The substance, called Reussite, found at Sedlitz, in Bohemia, in
efflorescences on the ground, or in six-sided prisms, is composed of
sulphate of soda 66.04, sulphate of magnesia 31.35, the remainder being
muriate of magnesia, and sulphate of lime.
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Sulphate of soda, in many of its properties, resembles the sulphate of
magnesia (Epsom salt) ; but it is less bitter, and its solution remains ap-
perently unaffected by the additjon of an alkali, whereas a solution of the
magnesian sulphate, when similarly treated, yields a copious precipitate.

( Geological situation.) This salt is often contained in mineral
waters ; but, whether thus dissolved, or in an earthy state, it is found
most frequently in the vicinity of springs or mines of muriate of soda.
Its formation is, in many ecases, undoubtedly to be attributed to the
mutual action of muriate of soda and sulphate of magnesia.

Sometimes its efflorescences are attached to certain argillaceous
slates, or exist on the surface of the soil ; and sometimes they appear
on the walls of mines, or of brick buildings, &c.

( Localities.) Small quantities of this salt exist in most countries, es-
pecially in the colder latitudes; but it is seldom found in large masses.
It is abundant in the lakes of Siberia, on the bottom of which it appears,
when the temperature of the atmosphere is reduced to the freezing point
of water; it is sometimes so abundant as to be collected for use~At
the foot of the Uralian mountains, near Tscheliabinsk, it effloresces on
the soil in the spring of the year, but does not appear to extend far be-
low the surface.—~At Eger, in Bohemis, it also effloresces on the ground.

The Sulphate of soda, employed in medicine, is chiefly obtained
during the extraction of muriate of soda from sea water, or of muriatic
acid from the muriate of soda.

SPecIES 2 MURIATE OF SODA.

Soude mm'inee. Hauy. Brongniart. lz. Werner. H Hexahedral Rocksalt.
Le Sel de Culsine. Brock C sait. Xtrwean.
Common salt.

This salt is easily distinguished by its well known saline taste. It
is not unfrequently crystallized ; and the primitive form, under which
also it usually appears, is a cube, which, by an undue extent of two op-
posite faces, sometimes becomes tabular, or prismatic. But it most
frequently occurs in large masses, which have a structure more or less
distinctly foliated, and a strong vitreous lustre, when recently broken.
Its fracture is uneven or conchoidal. These masses are often compos-
ed of granular distinct concretions.

Sometimes also it is in capillary crystals, or in masses, composed
of parallel ﬁbm.

This salt is in general strongly translucent, and sometimes even
transparent and limpid. Its color is commonly gray or white, often
tinged with other colors; but it also presenta certain shades of red,
blue, violet, brown, green, or yellow, all arising from impurities. Its
specific gravity is 2.14.
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In the fire it decrepitates. In the air it is not deliquescent, unless
it contain muriate of magnesia, or some other deliquescent salt. Pure
Muiriate of soda is'composed of soda 53.00, muriatic acid $8.88, water
8.12. (K'1rwan.) The impurities, which sometimes color and contami-
nate the native Muriate, may be chiefly separated by solution in water.

( Geological situation.) This salt frequently occurs in large and
extensive solid masses; or beds; and.is often dissolved in the waters of
certain springs and lakes. The ocean, however, is the great depository
of Common salt; for nearly one thirtieth part of its weight is Muriate
of soda. Other salts, viz. the muriate both of magnesia and lime, and
the sulphate of soda, exist in the waters of the oceari; so that the aver-
age quantity of saline ingredients is about % of the whole. This pro-
portion is nearly the same in all latitudes.*

‘Muriate of soda, whether solid in mines, or dissolved in springs,
usually occurs among secondary rocks. Sometimes also it is connected
with transition rocks. But, although neither mines nor springs have
been found in primitive earths, they are, in general, not far distant from
the foot of primitive mountains.—This salt, which is usually deposited
in thick, and sometimes extensive beds, may exist at the surface of the
earth, or at a great depth below the soil. Sometimes also it has been
deposited in regions greatly elevated above the levef of the sea; and,
in a few instances, is known to constitute whole mountains of very
considerable elevation.

Muriate of soda is almost constantly associated with certain other
minerals. Thus, with very few exceptions, it is accompanied by beds
of clay, which often alternate with those of the salt. This clay is more
or less impregnated with the salt, and often contains large masses of it.
Other minerals, as sand, sandstone, compact, fetid, and bituminous
limestone, usually accompany these deposites of Salt.

But the intimate connexion, which exists between this salt and sul-
phate of lime or gypsum, forms one of its most striking geological char-
acters. Muriate of soda is in fact almost always associated with gyp-
sum, over which the beds of this salt are usually placed, or even alter-
nate with it. The salt, with which the gypsum is sometimes impreg-
nated, is worth extraction.

Elephants’ teeth, shells, bitumen, sulphur, &c. have been found in
the various beds of minerals, which accompany this salt.

Salt springs are always connected with clay, the presence of which
in fact seems necessary to the existence of these springs. And, although
salt springs occur in countries, in which mines of this salt have not yet

¢ There are a few exceptions to these general remarks. The Baltie is much less nlt, than the
‘acean, and containe, when an casterly wind prevails, only one 108th part of saline matter.—7The Dend
8es, in Palesting, is an exception of the opposite kind. Aecording to Gay Lussac, vne bundred pagh
of this water contain muriate of magnesia 14,3, muriste of soda 6.9, muriate of mo 40,
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been discovered, it is extremely probable, that such mines actually exist
beneath the soil, and impregnate the water. The sulphates of lime and
of soda are usually found in these springs.

Salt lakes sometimes furnish Muriate of soda, already crystalhzed
by natural evaporation, and deposited at their edges, or on the bottom
of the lake.~There is scarcely a mineral spring, which does not con-
tain more or less of Muriate of soda.

( Localities.) 1t is worthy of grateful notice, that this mineral, so
necessary to supply the wants of man, is almost universally distributed
over the face of the globe. The following are some of its most inter-
esting localities. '

In England, near Northwich, Cheshire County, there is a rich and lu-
crative mine of this salt, whose beds alternate with those of clay and marl,
containing gypsum, and commence at the depth of 35 or 40 yards below
the surface. The upper bed of Salt varies from 20 to 30 yards in thick-
ness; and the strata above it consist of clay, sandstone, and sulphate
of lime. The salt is sometimes limpid and sometimes red. It is trans-
ported to Liverpool, where it is purified by solution in sea water, and
subsequent evaporation ; but this process does not separate the sulphate
of lime.—The annual produce of this mine is 156,000 tons. (PazLL1ps.)
—The Salt springs at Droitwich, Worcestershire, yield annually 16,000
tons. A pint of the strongest brine contains 2,290 grains of saline mat-
ter, of which about 96 per cent. are common salt. (Hoz~ER.)

France contains many salt springs. In the Departments of Meurthe
and- Vosges, beds of this salt have been recently y discovered at the
depth of from one to three hundred feet, associated with gypsum, clay,
and sandstone. This discovery has been made in a country, abound-
ing with ealt springs.

Italy contains eeveral salt 8pnngs ; and one near Volterra is very
productive.

Spain possesses numerous salt spnngs.—At Cardona, in Catalonia,
is a mountain of this salt, whose height is more than 300 feet, and whose’
surface is destitute df vegetation. This mountain is composed of verti-
<al and usually parallel beds of muriate of soda, clay, and gypsum, al-
ternating with each other. The salt, sometimes transparent, is most fre-
quently in translucent masses, composed of small granular concretions,
either grayish white or reddish. About eight tenths of the mountain con-
sists of this salt. The surrounding country is composed of micaceous
sandstone, argillaceous slate, and compact limestone. (Corpier.)

Germany contains a number of mines, and abounds with springs of
this salt. The salt mines of Tyrol are situated in a mountain ; and are
explored by exeavatmg gallenes, into which fresh water ig mtroduced
and suffered to remain, till it is saturated: - -
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In Hungary and Poland there appears to be an immense deposite of
Muriate of soda, at the foot of the Carpathian modntains, on both sides.
Indeed this mineral seems to extend with but few interruptions from the
Black Sea to the Alps. The salt mine of Wieliczka, near Cracow, in
Poland, has been worked since 1251 ; and in 1780 had been sunk to the
depth of about 900 feet; the salt commences about 200 feet below the
soil.—Muriate of soda is here found not in beds, but in immense masses,
deposited in clay, which appears to rest on limestone. It is covered by
an argillaceous sandstone, and alluvial deposites. Fossil wood, some-
times bituminous, is found in the more impure varieties of the salt, and
shells occur in the surrounding clay. (Bzupanr.) The galleries are
completely dry; and the mine contains springs of both fresh and salt
water. In this mine also are excavated several chapels, some of which
are furnished with an altar, a crucifix, and statues, all of solid salt.

In Moldavia is a mountain of Salt, which in several parts is not
covered even with soil.

Russia obtains this salt not only from mines and springs, but also
from salt lakes. In the province of Astracan are lakes, whose waters,
when much concentrated, and sometimes the salt. obtained from them,
have a dark red color. (P4LL4s.) The country near the Caspian Sea
go abounds with Muriate of soda, that, in the vicinity of Gourief, the
fogs, dews, and even the juices of plants become saline. (P4LLr4s.)

In Caramania, in Asiatic Turkey, this salt, in consequence of its
hardness and the dryness of the air, is sometimes employed in the con-
struction of buildings. (CxarpIN.) )

In Africa the deposites of Muriate of soda are very abundant, and
extensive. In the mountains, which form the northern boundary of
the desert of Lybia, is an immense plain, covered with Common Salt.
(Hornenay.)—In the country of the Hottentots are several lakes,
which deposite’ this salt.

In America the localities of this mineral have been but little explor-
ed. In Peru are numerous mines, situated at a very great elevation
above the sea ; some are near Potosi. The salt is very hard, and usu-
ally of a violet color.—It has also been found in several parts of Chili,
New Grenada, Mexico, California, &c.—At Punta Araya, it lies over
sandstone~On the Cordilleras, it is sometimes disseminated in argil-
laceous earths.~In Mexico, at the bottom of the lake Penon Blanco,
is a bed of clay, containing about 1S per cent. of Muriate of soda.
(HumusoLDT.) ,

In the United States, salt springs are numerous in several districts.
These springs sometimes flow naturally, but are more frequently formed
by sinking wells in those places, where this salt is know to exist, as in
certain marshes, and in salt licks, so called, having formerly been the

\ ‘
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reaort of wild animals to lick the clay, impregnated with this Muriate.
These wells are usually made by boring through the strata ; large quan-
tities of inflammable gas are often disengaged with violence, and some-
times interrupt the- process of boring, They somietimes afford petro-
leum.—At Livergool, in Ohio, a salt well, while boring, yielded about
kiaif a barrel of petroleum daily. (Corr.)

In Arkansds Territory, near the northern sources of the Arkansas
river, this salt forms incrustations of considerable thickness and solidi-
ty on the soil of plains and prairies ; salt springs exist both on this riv-
er and the Wachitta. (Mrrcarrr,) According to Mr. Libbey, a Factor
at Fort Osage, an extensive plain 280 miles S. W. from that Fort, pre-
sents in dry hot weather an incrustation of clean, white salt from 2 to 6
inches thick ; he observed strata of gypsum and red clay in the vicinity.
—1In Missouri, are salt springs at Boon’s Lick: and at Madansburgh.

Salt springs are also found on the banks of the Hockhocking, Scio-
fo, Wabash, Tennessee, Kenhawa, Big Sandy, and various other rivers,
all west of the Alleghany mountains, and emptying their waters into
the Ohio~—1In Firginia, on the Great Kenhawa, 50 miles south from
the Ohio, are extensive salt works; 95 gallons of the brine yield a bush-
el of salt, which sells at one dollar a bushel. (Arwarzs.)—In Kentucky,
on Big and Little Sandy rivers, and afford a strong brine.~In Illinois,
12 miles west from Shawneetown, on Saline river, is a spring belonging
to the Unitéd States, and yielding annually at least 150,000 bushels of
salt, the price of which at the works is 70 cents a bushel. (Scxoorcrarr.)
—In Ohio, are many salt wells; one of which 8 miles below Zanesville,
on the Muskingum, is 213 feet deep, and furnishes 80 bushels of salt
daily; 95 gallons of brine yield a bushel, which sells at one dollar and
fifty cents;—in Jackson, on the Scioto, are salt wells 300 feet deep ; the
brine is weak, requiring 213 gallons to a bushel. (Mrw4rzr.)—In New
Fork, are numerous and very productive salt springs. The most im-
portant are at Salina, near Onondaga Lake, Montezuma in Cayuga
County, and Galen in Seneca County. These springs are near the
canal, which connects the Hudson with Lake Erie. (Gr58s.) The
springs of Onondaga rise in a marsh, on the border of the lake, at some
distance from hard ground ; they are richly impregnated, one gallon of
the water sometimes containing half a pound of the salt.

The whole quantity of salt, annually extracted from saline sprmgs
in the United States, exceeds 1,000,000 bushels ; and of thig the springs
of New York furnish more than 500,000 bushels. (Grsss.)

Much of the salt, employed in the arts, is obtained from saline
springs, and especially from the sea, by evaporation, effected either by
the action of the sun and the air, or by the application of fire,. We.
have room to remark only, that the quality of the salt depends greatly
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on the mode of extracting it, whether by crystallization, or by a very
rapid evaporation. When the solution is boiled or evaporated to dry-
ness, the salt will, in general, be greatly contaminated by several earthy
salts, particularly the muriates of lime and magnesia, which render it
deliquescent. ¥

The uses of this salt, though numerous and important, are too.well
known to require any particular notice.

Srecies 3. CARBONATE OF SODA.

&mdeeuhm&e. Bauy Brongmiart. Naturliches mineral alkali. Herner. Natren. Kirwon.
Pri L’Aleali mineral natif. Brechant. Nitrum. Hausmann,

Soda ; in commerce.

This species embraces two varieties, differing in the quantity of

carbonic acid, which they contain. One, which is the most common, is

"in the state of a carbonate ; while the other appears to be a bi-carbonate.
We shall embrace both varieties in one description, noting their differ-
ent characters.

This salt, especially the carbonate, has a warm, alkaline taste, but
is not very caustic. It strongly effervesces with acids, and is very sol-
uble in water. The carbonate changes the vegetable blue to green, and
rapidly efloresces, while the other remains unchanged by the air. -

Like many other salts, the.common variety occurs in efflorescences
or crusts more or less thick, or in small flakes, or in a dry, dusty powder.
But the bi-carbonate sometimes appears in thick layers, having a granu-
lar texture, and sometimes in crusts or radiated masses, compesed of
acicular, translucent crystals, aggregated together and resembling fibrous
gypsum.—This salt has also been observed in very small octaedral crys-
tals, either perfect, or with truncated summits, in cavities of the granu-
lar variety. Its color is grayxsh or yellowish white.

The pure carbonate is composed of soda 20.6, carbonic acid 14.16,
water 65.24, (Taomson.) Native specimens of this variety are usually
mixed with other salts, part\cularly the muriate and sulphate of soda
and carbonate of lime. In a specimen of the bi-carbonate .from Sukena,
Klaproth found soda 37.0, carbonic acid $8.0, sulphate of soda 2.5, wa-
ter 22.5. Another from near Buenos Ayres yielded Cabral de Mello
soda 24.25, carbonic acid 44.25, muriate of soda 9.50, sulphate of soda
1.25, water 20.75.

( Geological situation.) This salt appears in efllorescences or crusts
on certain dry and warm soils; or on the surface of decomposing
rocks ; or on the walls of cellars and other damp places, especially if
near the sea. It is also found abundantly in the waters of certain shal-
low lakes, situated in dry and flat countries. These lakes become in
part or entirely dry, during the heat of summer; and this salt is de-
posited on their sides or bottoms.
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Carbonate of soda is supposed by Berthollet frequently to arise from
the mutual decomposition of muriate of soda and carbonate of lime,
especially in warm and moist places.

This salt is exceedingly cemmon in mineral springs, and, in many
cases, constntnt‘ one of the principal ingredients. Hence the phrase
soda water.

(Localities.) In Hungary, near Debreczin, carbonate of soda is
very abundant, both efflorescing on the soil, and deposited from lakes ;
large quantities are here collected for use~~At Bilin, in Bohemia, it
effloresces on gnelss.

In Egypt itis plentxfnlly found in what are called the lakes of .Mz-
tron. ‘These lakes, six in number, are westward of the Nile, not far
from Terrana, in a valley, surrounded by limestone. The carbonate and
muriate of soda exist together in thesg waters ; but, when the water is
diminished by natural evaporation, these salts are deposited in distinct
layers, the muriate of soda being underneath. In one of these lakes,
the waters on the eastern side contain only muriate of soda, while in
those of the western side Carbonate of soda only is dissolved ; but the
two solutions do not mingle. (BzoNGN14rT.)

The Bi-carbonate of soda is found in the province of Sukena, two
days’ journey from Fezzan, in Africa. It appears in crusts, composed
of minute crystals, at the foot of a mountain. It is there called ¢rona,
and is transported to Egypt, Tripoli, &c.—This variety is also found
near Buenos Ayres in considerable quantities, whence it has been
transported to England. It there exists in stratified masses, from two
to six inches thick, resting on clay, which is strongly impregnated with
common salt. It has a light yellowish gray color, a granular texture, is
easily broken, and does not effloresce in the air. (Cazr4ar DB MELLO.)

In South America, province of Maracaybo, in the calcaseous valley
of Lalagunilla, Carbonate of soda is deposited at the bottom of a lake,
whose water is yellowish green, and has an alkaline taste. No animals
exist in the lake. From 1000 to 16001bs. of this salt, there called Urao,
are taken from the bottom of the lake, every two years, by Indian divers;
and employed in the preparation of an inspissated juice of tobacco, to
which is given the name of Mo and Chimé. (Faxa4r.)

(Uses.) Large quantities of this salt are used in the manufacture of
glass and hard soap. But the value of most of that, which is furnished
by the mineral kingdom, is much diminished by adulteration with other
salts. Indeed a large proportion of the soda, employed in the arts, is
obtained by the combustion of the salsola, and other plants, growing
near the sea; and is, in commerce, called barilla or kelp.

This salt, called nitrum and natrum by the ancients, must not be con-
founded with the nitre of the moderns, which is the nitrate of potash.

18
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Species 4. BORATE OF SODA.
Soude boratéa, Hauy. Breaguiort. Borsx, Kirwen. Lo Tinkal. Brechent, Priamatio Barz.
Jameson, Tinkal. Hausmann.
Borax.

The characters of this mineral in its native state glle almost entirely
unknown. It is partially purified and crystallized Th the East Indies
and China, whence it is exported to Europe, under the name of tinkal.
It must however undergo further purification to render it useful in the
arts. During this process, which has hitherto been conducted chiefly
by the Dutch, it is said to lose about 20 per cent.

When received from India, it is in the form of prismatic crystals, of
very different sizes, more or less perfect, and always invested with a
crust, which has apparently been produced by the application of some
greasy substance to the surface of the crystal. This crust is usually of
a dirty gray color, sometimes with a tinge of green or yellow; and is
supposed to have been applied to prevent the salt from efflorescing.—
That, received from China, differs from the preceding by being more
limpid and purer.

It is unnecessary minutely to describe the characters of this well
known salt in its purified state. It has an alkaline or soapy taste, and
changes the vegetable blue to green ; itis of course a sub-borate. It
does not effervesce with acids. A specimen of tinkal, analyzed by
Klaproth, yielded soda 14.5, boracic acid 37.0, water 47.0 ;==98.5.

( Geological remarks and Localities.) This salt appears to be found
at the bottom, or on the margin, of certain lakes, or to exist in their
waters, having probably been extracted by the water from contiguous
earths. In some parts of Thibet, it is said to have been dug from the
earth in small crystalline masses. In Persxa, we are told it is artifi-
cially prepwed as we obtain nitre.

Asia, and particularly Thibet, is the only country, which furnishes
this salt in any considerable quantity. It is said to exist in Peru,
Ceylon, and Lower Saxony.

(Uses.) It is much employed, as a flux, in the examination of
minerals, and the soldering of metals; but ought previously to be
fused to remove its water of crystallization. .

ORDER IIl. Earthy Salts.

. These consist of an earth or of earths, united to an acid. Hence
an earth, so combinetl with an acid, as to form a salt, characterizes this
order. Many of the salts, which belong to it, exist in great abundance,
and are appropriated to numerous and important uses. Some of them are,
in common language, usually called stones. Those salts, which have an
alkaline earth for their base, are here placed next to the alkaline salts.
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: > GENUS I. BARFTES. .
This genus contains only two species, the sulphate and carbonate
of barytes. Although neither of these species is very abundant, the
former occurs inumuch greater quantities, and is much more common,
than the latter. ' '

Sprecies 1. SULPHATE OF BARYTES.
Beryte mifatée. Houy. Brengniort. Schwerspath, Werner. Heavy spar. Jameson. Phillips. dikin.
Barosclenite. Kirwan. Le Spath pesant. Broch Baryt, H
Heavy spar.

One of the most striking characters of this mineral is its great spe-
cific gravity, which varies from 4.29 to 4.60. When its structure is
foliated and sfficiently regular, the lamine easily separate in three di-
rections, parallel to the faces of a right four-sided prism (Pl. I11, fig. 1.),
whose bases are rhombs, having angles of 101° 32’ and 78° 28'.¢ This
prism i3 the primitive form of crystallized Sulphate of barytes; and
amy one side of the base is to the height, as 45 to 46. Mechanical di-
vision, parallel to the bases, is most easily effected. The integrant
particles are triangular prisms.

Solphate of barytes is harder than crystallized carbonate of lime,
but may be scratched by fluate of lime. Some varieties are opaque ;
but it is generally translucent, and sometimes transparent, exhibiting
double refraction. To observe the last mentioned property, an obtuse
angle of one of the bases of the primitive form may be truncated, and
the object obeerved through the new face thus produced, and also
through the opposite base.

Its more commen color is white, either pure, or variously tinged
with yellow, red, &c. but it also presents several shades of red and
gray, and sometimes of yellow, blue, green, and brown. e

( Chemical characters.) This minera]l is well characterized by its
chemical properties, joined to its great specific gravity. When a frag-
ment is exposed to the flame of a blowpipe, it almost always strongly
decrepitates. While melting, it gives a greenish tinge to that part of
the flame beyond the fragment, and is at last counverted into a solid,
white enamel, which, in the course of ten or twelve hours, falls into
powder. If a piece of this enamel be applied to the tongue, it produces
a taste, resembling that of rotten eggs; and has evidently been con-
verted, at least in part, into a sulphuret of barytes. The powder just
mentioned, when recently calcined, shines in the dark with a reddish
light, after being exposed to the rays of the sun.

When pure, it is composed, according to Vauquelin, of barytes 68,
sulphuric acid 32. By the analysis of Clément and Désormes, the

® By the reflecting goniometer, Phillips obtained 101° 43’ and 78° 18,
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proportions are barytes 67.82, sulphuric acid $2.18. Fourcroy and
Berzelius found the proportion of earth to acid as 66 to 34 ; and Klap-
roth as 67 to 33. It frequently contains a few hundredth parts of silex,
alumine, oxide of iron, and sometimes of sulphate of srontian.

(Distinctive characters.) This mineral may easily Wil#onfounded with
sulphate of strontian, although the latter has a specificBravity somewhat
less. But the sulphate of strontian, immediately after fusion, never
commaunicates to the tongue that peculiarly disagreeable taste, excited
by the enamel from Sulphate of barytes. Further, the flame of the
blowpipe is never colored green by sulphate of strontian, but often re-
ceives a reddish tinge—~It also resembles the carbonates of barytesand -
strontian ; but these two salts always effervesce with diluted nitric acid,
and slowly dissolve, while the Sulphate of barytes never effervesces,
except from accidental impurities.~It differs from fluate of lime by its
greater specific gravity, and by never phosphorescing, when merely re-
duced to powder and thrown on burning coals~—From some varieties
of feldspar, which it resembles, a careful examination will easily distin-
guish it—One variety of this Sulphate strongly resembles certain spe-
cimens of the carbonate of lead ; but the latter has a greater specific
gravity, a conchoidal fracture, and is blackened by the hydrosulphuret
of ammonia, which has no action on the Sulphate of barytes.

This species admits a number of subdivisions, founded on diversity
of form or structure, or force of cohesion, or the presence of foreign
ingredients, which affect the physical characters.

Var. 1. LAMELLAR SULPHATE oF BARYTES.* This variety usually
occurs in foliated masses ; but not unfrequently it appears in beautiful
crystals, whose surfaces, though sometimes dull, generally present a
splendent and pearly lustre. M. Haliy has described more than seven-
ty secondary forms ; and, according to Phillips, there are not less than
one hundred and twenty varieties of secondary forms, depending on
eighteen modifications of the primitive, variously combined. These
crystals are almost always well defined ; and their magnitude is often
considerable, presenting sometimes a thickness of nearly two inches.
It most commenly appears in prisms, either right or oblique, haviag
four, six, or eight sides. But these prisms are usually so shert or com-
pressed, that they assume a tabular form ; and these tables or prisms
are subject to numerous truncations and bevelments.

Sometimes it presents the primitive form; which, in -some speci-
mens, has the solid angles, formed by the obtuse edges and the bases,
truncated ; while, in others, the solid angles, formed by the acute edges
with the bases, are truncated.—~Sometimes a six-sided table (P1. III,

® Geradschaaliger schwerspath and szulen schwerspath. Ferner. Staight lamellar and prisist-
ic heavy spar, Jamceon.
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fig. 2.) ; the six-sided tables are produced by truncations on the two
acute, or two lateral edges of the primitive form.—Sometimes also a
rectangular four-sided table, with a bevelment on all its terminal or
narrow faces (Pl 11, fig. 8.)—The solid angles, formed by the edges
of the bevelme*n the preceding crystal, are often truncated, and
sometimes also edges of two opposite bevelments.—Sometimes its
form is an eight-sided table, with a bevelment on all its terminal faces,
and the edges of these bevelments truncated (Pl. 11, fig. 4.).—Sometimes
a four-sided prism, terminated by two planes, standing on the azute
lateral edges.—The preceding prism is sometimes terminated by four
faces, placed on the lateral edges, and those, which stand on the acute
edges, meet in a line—~It also occurs in cuneiform octaedrons.

Its structure is foliated ; its lustre shining and rather pearly. It
breaks into rhomboidal fragments. When massive, it is only translu-
cent, but the crystals are sometimes limpid and transparent. Its color
is usually some variety of white, gray, or red, and sometimes of blue
or green.

A specimen from Sussex County, New Jersey, whose specific grav-
ity was 4.417, yielded Mr. Chilton barytes 61.34, sulphuric acid 30.67,
silex 3.0, alumine and oxide of iron 1.0, water 2.0, with a trace of stron-
tian ;==98.01. Another specimen, from Hatfield, Mass. whose specific
gravity was 4.28, was found by Dr. Gorham to contain barytes 58.50,
sulphuric acld 20.88, silex 4.0, alumine 2.0, water 3.0 ,=97.38.

Some specimens of this variety appear to be partially disintegrated ;
and exhibit a diminished lustre and transparency.

OURVED LAMELLAR SULPHATE OF BARYTEs.* In this subvanety the
folia are curved, and sometimes unite in a point, like the petals of a
flower ; hence in some specimens the fracture has a fibrous, radiated,
or even splintery aspect. Its masses, though usually amoerphous, are
sometimes globular or reniform ; and, in some instances, different col-
ors appear in stripes.

oResTED SULPHATE oF BARYTES.] This is merely an aggregation of
thin tables, whose edges are rounded and indented. It is sometimes
called cockscomb spar.

2. COLUMNAR SULPHATE OF BARYTES.f It occura in long, acicular
prisms, usually indistinct, collected into little bundles or columnar
groups, and sometimes intersecting each other; the surface is deeply
and longitudinally striated, and has a pearly lustre. Its structure is
foliated. 1t is translucent, and its color is white, either pure, or tinged
with yellow,-green, &c.

® Erumm-schasliger schwer spath, #erner. Curved lamellar heavy spar, Jameson,

+ Baryte sulfatée cretée. Hauy. Brengniart.

$ Stangen spath, #erner, Colummar heavy spar, Jumeson, Baryte sulfatée bacillaire. Hauy,
Brongniart,
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This variety strongly resembles some specimens of carbonate of
lead ; but may be distinguished, as already mentioned.

It has been found in Saxony and Derbyshire.

8. RADIATED SULPHATE OF BARYTEsS.* ' It is foundgn roundish mass-
es, of a moderate size, having a rough or uneven su This rough-
pess of the surface appears to arise from the projePting edges of the
numerous crystals, of which these masses are composed. 1Its structure
is fibrous, with a resinous lustre ; the fibres are broad and more or less
distinctly radiate from a centre. In some specimens the fracture is
foliated in certain directions. It is strongly translucent ; and its color
exhibits different shades of gray, sometimes tinged with yellow.

The phosphorescent property of this variety has been lang known.
To exhibit this property, the mineral is calcined, and reduced to pow-
der ; this powder, by means of gum-water, is formed into little cylin-
ders or cakes, which, after exposure to the light, become capable of
shining in the dark.

It has been found at Monte Paterno, near Bologna, in Italy, imbed-
ded in argillaceous marl, in which it seems to have been formed. The
surface of detached masses is sometimes smooth, in consequence of their
having been rolled.—It occurs also in Jutland, &c. ,

4. risrous SULPHATE oF BARYTES.} This variety is sometimes in
masses, composed of broad, parallel fibres, whose cross fracture is even,
and sometimes shining. It also occurs in reniform or tuberous masses,
which consist ef diverging fibres.—Its Tustre is shining, and nearly
resinous—It is sometimes translucent, but often at the edges only. Its
colors are gray, bluish gray, yellowish gray, and brown Its specific
gravity varies from 4.08 to 4.32.

This variety has been successfully employed, as a substitute for bo-
rax, in brazing and welding.

It is found at Neu-Leiningen, in the Palatinate ;—and at Chaud-
Fontaine, near Liege, where it occurs in an iron mine in argillite ;—
also at Miess, in Bohemia.

In “the United States. In New Fork, Schoharie County, at Car-
lisle, 34 miles west from Albany, in horizontal layers or veins, from
one fourth of an inch to two inches wide, traversing a soft argillaceous
slate. It presents broad, parallel fibres, with a lustre between resinous
and pearly. It is sometimes translucent, never perfectly opaque ; and
its color varies from nearly white to pale grayish blue, passing throngh
different shades of gray. It is a little less hard, than calcareous spar ;
and its specific gravity is 4.32. By exposure to the air, it whitens, be-
comes friable, and appears efflorescent. 'This locality was first inves-

* Baryte sulfatée radife. Houy. Brengniart. Bologueser spath, Werner. Bologneso spar.
Jameson.
1 Baryte salfatée fibreuse. Brengniarz,
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tigated by Prof. Eaton and Lt. Pomeroy. (Prerce & Torzer.) Ac-
cording to Eaton, the slate, which contains this sulphate, rests on gray-
wacke, and is covered by shell limestone.

5. .CONCRETRD SULPHATE OF BARYTES.* This occurs in mammillary
or undulated tietions, like alabaster, or in stalactites. These sta-
lactites are sonfmes bent and twisted in a singular manner; and,
from some resemblance to the intestines, have received the name of
tripe stone. Its zones sometimes alternate with those of fluate of lime.
In some tubular stalactites the cross fracture appears fibrous, and the
longitudinal fracture foliated. It sometimes receives a good polish.

It has been found in the mines of Saxony and Derbyshire.

Fine specimens, found at Wieliczka, and supposed to belong to
this variety, are said, on the authority of Klaproth, to be anhydrous
sulphate of lime.

6. eraNULAR sULPHATE oF BARYTEs.]. It is always in amorphous
masses, which have a granular structure. _The grains, however, which
are usually small, have a foliated structure. Hence its fracture is
usually granularly foliated, sometimes a little splintery, and has a
strongly glimmering, or even glistening lustre, somewhat pearly. It is
feebly translucent, and sometimes of a beautiful snow white color ; it
is also gray, yellowish or reddish white.

According to Klaproth, it contains barytes 60, sulphuric acid 30,
silex 10.

It strongly resembles somé granular limestones, but is easily distin-
guished by its greater specific gravity.

Lamellar, granular, and compact Sulphate of barytés bear to each
other relations, similar to those existing between lamellar, granular,
and compact carbonate of lime.

7. compact SULPHATE oF BARYTEs.] This vmety usually appears
in amorphous masses ; sometimes also nodular or reniform. Its fracture
is earthy, uneven, or splintery, and is nearly or quite dull. Itis opaque
or perhaps translucent at the edges ; and its common colors are white
or gray, often tinged with yellow, or red.

The substance, known in Derbyshire and other parts of England by
the name of cawk, sometimes belongs to this variety. The same name
is sometimes given to masses, composed of concentric lamellar concre-
tions—~It is found in mines, interspersed among the ores. In Derby-
shire, it sometimes contains small veins of galena.

8. EArTHY SULPHATE oF BARYTES.§ This occurs in coarse, earthy

* Baryte salfatée concrétionnée. Hauy. Brengniart,

+ Korniger schwer spath, Werner. Granular beavy spar. Jameron. Baryte sulfatée grenue.
Brongniart.

t Dichter schwer spath, Werner. Compact heavy an. Jameson. Baryte sulfatée compacte.
Hauy. Brongniart.

§ Schwer spath erde. Wernee, Heavy spar earth, Jameson, Baryte salfatée terrense, Brengniart.
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particles, usually cohering a little. They feel rough; and their colar
is a dull white, often with a shade of yellow, &c. Their great specific
gravity however is perceptible.

Near Freyberg, in Saxony, it invests crystallizegaSulphate of ba-
rytes.—In Derbyshire, it occurs in cavities in veins e other varie-
ties of this species.

Svusspecigs 1. Ferip SuLeHATE or BarYTES.
Baryte sulfutée fétide. Hauy. Brongniart. Hepatite. Jameron. Aikine Phillips.

This mineral, which sometimes occurs in globular masses, is either
compact, or has a foliated structure. By friction or the application of
heat, it exhales a fetid odor, resembling that of sulphuretted hydrogen.
Its color is gray of different shades, usually mingled with yellow, brown,
or black ; and its specific gravity is generally less than that of the
common varieties.

A specimen from Andrarum, in Scania, ynelded Klaproth sulphate
of barytes 85.25, sulphate of lime 6.0, oxide of iron 5.0, alumine 1.0,
carben 0.5 ;==97.75.

At Andrarum, in Scania, it occurs in globular masses in aluminous
slate. At Kongsberg, in Norway, it accompanies ores of silver~In .
the United States, it is found in Virginia, Albemarle County, both
lamellar and compact, of a lead gray color. (Serszer.)

( Geological situation of the species.) Sulphate of barytes, although
not a rare mineral, is seldom found in large masses. It never consti-
tutes whole mountains, and has but rarely been seen in beds. It usa-
ally occurs in veins, which may traverse primitive, transition, or se-
condary rocks ; the veins are often large and rich in ores. This min-
eral frequently accompanies the sulphurets of zinc, lead, iron, copper,
antimony, and mercury, and other ores. It is said to be rarer in gran-
ite, than in rocks of a later formation.

(Localities.) Sulphate of barytes is found in most countries, where
mines have been worked. Very fine crystals are obtained in the mines
of Hungary, and Saxony, and in those of Cumberland, Durham, and
‘Westmoreland, in England—At Newfield, in Surry, England, it oc-
curs in yellowish crystalline masses in Fuller’s earth.

In the United States. In Missouri, at many of the lead mines,
where it forms the gangue of the ore. It occurs prismatic, columnar,
tabular, and crested, and sometimes in lamellar or compact masses.
The crystals are frequently invested with a yellow ochreous oxide of
iron. (ScaoorLcrarr,)—In Tennessee, in Sevier County.—~In Kentucky,
near Lexington, in opaque, milk white stalactites or cones, attached to
a base of the sume substance, in limestone. (Jassvr.)—In North Car-
olina, Buncombe County, in argillaceous slate.—~In Virginis, at Aus-
Hin’s lead mipe, on the Great Kenhawa ;—at Fincastle, &c.~In Mary-
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land, at Liberty, in Frederick County, with gray copper and fluate of
lime ;—also in Washington County, with fluate of lime. (Harpexn.)—
In Ohio, on the Maumee, 3 miles below Fort Meigs, in irregularly
crystallized masses, Berlin blue, or white of different shades. (Jzssuv».)
—In Pennsylvagha, at the Perkiomen lead mine, lamellar, compact, and
¢arthy ; it is sodifftimes in thin tables, sprinkled over crystals of quartz.
(WernerrLir.)—Also in Bucks County, 3 miles west front New-Hope,
in the old red sandstone formation. (LE4.)—Also in Bedford County,
in large quantities in secondary rocks at the west foot of the Blue
Ridge. ( Wisrer.)—In New Jersey, near Newton, in Sussex County,
it occurs both in lamellar masses and tabular crystals ; the vein travers-
es limestone, being inclined to the horizon at about 40°, and in its vi-
cinity are found detached masses of the sulphate of barytes, containing
a spheroidal nucleus of chalcedony, quartz, limestone, &c. 5 or 6 inches
in diameter. (Caizrron.)—Also on the west side of Paulin’s Kill, net
far from the locality last mentioned, is another vein of this sulphate~~
Also nean Scotch Plains, in elongated, tabular crystals with limestone
in greenstone. (P1erce & Torrer.)—In New Fork, Columbia Coun-
ty, at Livingston’s lead mine, associated with galena. (Scasgrrer.)—
Also in lamellar masses, on the Mohawk river, at the Little Falls. (E4-
toN.)—Also in the Highlands, adjacent to the Hudson, in limestone.
(Pi1erce & Torrer.)—In Connecticut, at Cheshire, it occurs in foliat-
ed masses with quartz, sandstone, and the carbonates of lime and cop-
per ;—also in lamellar rolled pieces in a rivulet, passing through Berlin
and Farmington ;—also 2 miles from Hartford, penetrated by green
and blue carbonate of copper, in a vein traversing greenstone, which
rests on argillaceous sandstone ;—also at Southingten, forming in part
the gangue of a vein of galena, and often preseating the crested variety ;
the same vein contains numerous, shining, black spots of coal, envel-
oped in a white gangue of sulphate of barytes and quartz. (S1221x4¥.)
—In Massachusetts, at Hatfield, Hampshire County, it exists both in
tabular crystals and foliated masses ; the veins are narrow at the sur-
face, but become wider at the depth of a few feet ; they traverse gran-
ite or gneiss, and are inclined to the horizon at about 40°. (Gozrnan.)
—Also at Southampton in veins of galena ; it is sotnetimes in plates,
meeting at various angles, and forming cells, lined with minute crystals
of quartz. (Earon.)—Also at Middlefield, where both the lamellar and
granular varieties occur.~Also at Greenfield, forming the walls of a
vein, which traverses toadstone, and contains green carbonate of copper.
(Hrrcacock.)

(Uses.) It is sometimes employed as a flux in metallurgic opera-
tions ; also in chemistry, and in some medical preparations. It is said
to be a good base for water colors.

19 .
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Srecies 2. CARBONATE OF BARYTES.

Baryle earbovatée. Hawy. Brengniart. Witherit. Werner. Hausmann. Witherite. Jamesen.
Aikin, Phillips, Barolite, Kirwan. La Witherite., Brochant.

This species, like the precéding, has a great specific gravity, varying
from 4.2 to 4.4. It usually occurs in small masses, whigh have a fibrous
structure. In most cases, however, when these malfles are broken in
the direction of the fibres, their-structure appears intermediate between
fibrous and narrow foliated, with a shining and somewhat resinous lus-
tre ; but the cross fracture is undulated, uneven, or splintery, with a glis-
tening lustre. The fibres often slightly diverge, and sometimes radiate
from a centre.—Sometimes also it is cellular, or stalactical, or in crusts.

It is sometimes found in distinct crystals. They are commonly six-
sided prisms, terminated by six-sided pyramids, the vertices being often
truncated, or replaced by a second six-sided pyramid.—It also occurs in

double six-sided pyramids, of which the edges of the common base are -

sometimes truncated. The primitive form is a rhomb slightly obtuse.~
The crystals are often attached to the massive variety, or found within
it in cavities. .

It is, in general, strongly translucent, but sometimes opaque ; some
of its crystals are transparent. Its color is whitish or gray, usually
tinged with yellow or green, and sometimes with blue, brown, or red,
and is sometimes pale yellow.

It scratches carbonate of lime, but is less hard, than fluate of lime.
‘When reduced to thin plates, it gives by refracted light two images,
one bright, and the other nebulous.

( Chemical characters.) 1t effervesces, and, if pure, entirely dis-
solves in diluted nitric or muriatic acid. When nitric acid is employ-
ed, a white deposite usually appears, while the solution is going on.
Before the blowpipe it decrepitates, and easily melts into a white enam-
el ; but does not lose its carbonic acid.

When pure, it is composed, according to Klaproth, of barytes 78,
carbonic acid 22. The native specimens are sometimes contaminated
with a little alumine, carbonate of strontian, &c.

( Distinctive characters.) Its effervescence and solution in diluted
acids distinguish it from the sulphates of barytes and strontian.—It has
a greater specific gravity than carbonate of strontian ; and further, if a
small quantity of the solution of Carbonate of barytes in nitric acid be
added to alcohol, it gives to the flame of the latter a yellowish tinge ;
whereas, if carbonate of strontian be treated in a similar manner, a
purple flame is produced. The same distinction may be observed by
burning paper, previously dipped in these solutions.

(Geological situation and Localities.) Carbonate of barytes was
discovered at Anglesark, in Lancashire, England, by Dr. Withering, in
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honor of whom it has been called Witherite. It is a rare mineral, and
has been found chiefly in the lead mines of England. At Anglesark it
gccurs in a vein of sulphuret of lead, traversing sandstone, &c. and ac-
companied by sulphate of barytes, &c. Ithere occurs in spherical masses,
whose surfaces often covered with little projections, arising from
the union of pyramids, which terminate the prisms, of which these balls
are composed.—In Shropshire, at the Snailback mine, it occurs in ir-
regular masses, weighing from 40lbs. to 3cwt. imbedded in sulphate of
barytes, in a vein traversing graywacke slate. (Azxzv.)—In Durham, at
Arkendale, it forms the gangue of galema.—At Aldstone Moor, it is
crystallized~In Stiria, it is sometimes in an earthy state, investing
crystals or masses of the same substance, and associated with carbonate
of iron.—It has also been found in Hungary, Sicily, and Siberia.
In the United States, in Kentucky, it is said to exist near Lexing-
ton. (Sill. Jour. ii, 374.) :
(Remarks.) Its action on the animal system is extremely powerful ;
operating in doses of a few grains, as a fatal poison to dogs. The native
Carbonate is much ‘more powerful, than the artificial, when received
into the stomach ; for the latter in large doses excites vomiting only,
“but is not fatal.

GENUS II. STRONTIAN.

This genus, like the preceding, has only two species, the sulphate
and carbonate of strontian, which, in most of their characters, resem-
ble the salts of barytes. ‘There is, indeed, a remarkable similarity
between the two sulphates, and between the two carbonptes of barytes
and strontian.

Species 1. SULPHATE OF STRONTIAN.

Strontiane sulfatée, Hauy. Brengnisrt. Celestin, Werner. Ilausmann. Celestine, Jameson.
Aikin. PMlips. La Celestine. Brechant.

The great weight of this mineral is its most striking physical char-
acter ; its specific gravity extending from 3.58 to 3.96. The forms of
its crystals closely resemble those of the sulphate of .barytes, but differ
a little in the quantity of their angles. We here see the importance ot
an accurate measurement of the angles of crystals in discriminating
minerals. The primitive form, like that of the sulphate of barytes, is
a four-sided prism (Pl. ILL, fig. 5.) ; its bases also are rhombs, but with
angles of 104° 48’ and 75° 12',* and the ratio of one side of the base is
to the height as 114 to 113. Nine secondary forms have been described
by Haily. Its integrant particles are triangular prisms.—~When trans-
parent, it yields with considerable ease to mechanical division.

Its hardness is a little less, than that of fluate of lime, but rathex

® According to Phillips, these angles are 104° and 76°.
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exceeds that of sulphate of barytes. It possesses double refraction. Ite
color is some variety of white, gray, blue, or red. This mineral occurs
also in foliated and fibrous masses.

(Chemical characters.) It melts before the blowpipe into an opaque,
white enamel ; and the globule thus produced g*rally excites a
slightly sourish taste. It usually communicates to the blue flame of
the blowpipe a purple or reddish tinge, more or less sensible. Accord-
ing to Gahn, the interior flame of the blowpipe converts this sulphate
into a sulphuret. Hence if a portion of this sulphuret be dissolved in a
drop of muriatic acid, and a drop of alcohol be added, a splinter of
wood, immersed in the solution, will burn with a red flame.

A crystallized specimen from Sicily yielded Vauquelin strontian
54, sulphuric acid 46. In the fibrous variety from Pennsylvania, Klap-
roth found strontian 58, sulphuric acid 42.

(Distinctjve characters.) This mineral may be distinguished from
the carbonates of strontian and barytes by the effervescence and solution
of the last two in nitric acid,-especially if diluted. Sometimes, however,
effervescence appears in the Sulphate of strontian, in consequence of the
intermixture of carbonate of lime, but it soon ceases.——To distinguish
this salt from the sulphate of barytes, see the last named species.

Var. 1. FOLIATED SULPHATE OF STRONTIAN.* It occurs both massive
and regularly crystallized. Its crystals are usually four or six-sided
prisms, variously modified, and terminated by 2, 4, or 8 sided summits,
but less frequently compressed into tables, than those of the sulphate
of barytes. It sometimes presents the primitive form, truncated on
only two, or on all, of its solid angles.~—~Among its more common forms
is a four-sided prism, terminated at both extremities by four faces,
standing on the lateral edges; two of these faces meet in a line, and
contain an angle of 104° 48'.—Very frequently the preceding crystal
has its obtuse lateral edges truncated, thus becoming a six-sided prism,
(Pl II, fig. 6.)~The surface of the crystals has a streng lustre, and
is sometimes striated.

The prismatic crystals, often long and slender, are sometimes col-
lected into fascicular groups, which, when broken, present a radiated,
or even stellular aspect—The tabular crystals are variously grouped.

Its structure is foliated ; its lustre is more or less shining, and often
somewhat pearly. It is usually translucent; and some crystals are
transparent. Its color varies from white or gray, often tinged with
blue, to pale indigo or sky blue, and is sometimes yellowish or reddish
white, or pale red.

Its structure is sometimes both laminated and fibrous.

(Localities.) In England, near Bristol, this variety occurs in sand-
* Schaliger Celestin, #crner, Faliated Celewtins, Jomesn, Stroptiancsaliusée cristallisée. Brongniert
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stone, marl, and calcareous breccia —in Yorkshire, near Knaresborough,
in limestone.~In Scotland, at Inverness, in red sindstone ; and in
Calton Hill, at Edinburgh, in trap rocks.—Very fine crystals are ob-
tained in Ricily, where they occur in cavities in beds of native sulphur,
or in the gypsum};which alternates with the sulphur.—In the Vicentine,
it occurs in amygdalold —In the Tyrol, at Fassa.—Near Cadiz, fine
crystals occur in gypsum.

Near Hanover, in Germany, is found an uncomimon variety of sul-
phate of strontian in beds about two inches thick, in limestone contain-
ing shells. It is milk white or bluish, with a silken lustre, a foliated
or radiated structure, and a specific gravity of 3.59. It is sometimes
weathered, losing its color and lustre.- A crystallized specimen yielded
sulphate of strontian 73.0, sulphate of barytes 26.2, alumine 0.2. ( Gzo-
Nee,) See Barystrontianite.

In the United States. In Maryland, near Baltimore, it is supposed
tb exist in small quantities in gneiss—In Lake Erie, at the 8. W. ex-
tremity, on Moss island, near Put-in-Bay, and nearly one mile west
from the South Bass island, it eccurs, both massive and in crystals, in
compact limestone, containing shells. The crystals, usually more or
less translucent, and sometimes tmnsparent, present themselves in six-
sided prisms, or in rhombic prisms, truncated on the obtuse edges, or
on two opposite solid angles; the six-sided prisms, sometimes from 3
to 6 inches long, are generally tabular, and in some cases present four-
sided terminations, but their extremities are usually imperfect ; they
are variously grouped, and their surface is often striated. Its masses
sometimes receive a fibrous aspect from strize and the projecting edges ~
of the laminee. Its color is white or bluish white ; its specific gravity,
according to Torrey, is 3.895, but according to Eaton, it varies from 3.79
to 3.96 ;—also in limestone, on Grose island, in Detroit river, where it
exists both in foliated masses and crystals, whose color varies from
white to dark bluish white—the locality on Moss island was first ob-
served by Prof. Douglass and Lt. De Runey. (Dovcirass. Earon.
DEeLAFIELD,)

2. FIBROUS SULPHATE OF STRONTIAN.* It presents itself in fibrous

" masses, composed of acicular prisms or fibres, applied to each other,
usually parallel, but sometimes diverging. In one direction its fractare
is sometimes foliated. It is more or less translucent; and its color
varies from pale indigo or sky blue to bluish gray, or even milk white.

This variety is rare. It sometimes occurs in thin beds or layers, like
fibrous gypsum, its fibres being perpendicular to the sides of the bed.—
At Dornburg, near Jena, it forms a bed in marl—It has been found in
France at Bouveron.—Also in England, near Bristol, imbedded in marl.

® Fusriger Celestin, Werner. Fibroas Celesyine, Jameron. Strontiane sultatée fibrense. Houye Brong.
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In the United States. In Pennsylvania, Huntingdon County, near
Frankstown, in the Bald Eagle mountain, where it is said to exist in
layers about one inch thick between the strata of a brownish gray slate;
its color is a fine light blue. (Serszzr.) No spclmens have recently
been obtained from this locality.

SusspEcies 1. CaLcAREOUS SULPHATE oF STRONTIAN.
Strontiane salfhtée calearifére. ‘Hauy. Strontiane sulfutée terreuse. Brengniart, Fine
lar Celestine. Je

This subspecies is found in masses usually spheroidal and compres-
sed, and frequently of the size of a man’s head. In the interior they
are often divided into prisms by interstices, which are sometimes lined
by small crystals of the same substance. It has a dull, splintery, or
uneven fracture. Its color is white or gray, mingled with yellow, blue,
or greerl, and is sometimes yellowish brown. It is nearly or quite
opaque. [Its specific gravity is 3.59.

It has been found chiefly at Montmartre, near Paris ; and is imbed-
ded in argillaceous marl. It contains nearly 9 per cent. of carbonate
of lime.~To the eye it often much resembles compact limestone.

Srecres 2. CARBONATE OF STRONTIAN.
Strontiane carbonatée. Haouy. Brongniart. Strontian. Werner. Aildﬂ. Slmnmmﬁa Kirwan.
Jameson, Phillips, S ianit. Ha La 8§

The speclﬁc gravity of this species varies from 3 4 to 3.8. It usu-
ally avpears in masses, composed of divergmg fibres, which are often in
the form of fascicular groups. The fibres are sometimes very broad,
and sometimes interlaced. The fracture,'perpendicular to the.direction
of the fibres, is uneven or splintery, with a resinous or pearly lustre.—
It also occurs in regular, hexaedral prisms, or in acicular crystals,
grouped in the cavities of massive Carbonate of strontian. This six-
sided prism is sometimes truncated or bevelled on its terminal edges,
and sometimes terminated by six-sided pyramids, whose faces corres-
pond to the sides of the prism.

It is a little harder than carbonate of barytes ; is more or less trans-
lucid ; and its colors are usually greenish or yellowish white, or nearly
apple green, or brownish.

( Chemical characters.) It communicates a purple or reddish purple
color to the flame of the blowpipe ; and, when gently heated by this
instrument, it swells and sends out minute filaments, of which the ex-
tremities only are melted. The fragment itself is infusible, but becomes
white and opaque. In nitric acid it dissolves with effervescence ; and
paper, when dipped in this solution and dried, burns with a purple flame.

It is composed, according to Klaproth, of strontian 69.5, carbonic
acid 80.0, water 0.5, By the analysis of Dr. Hope, the proportions are
strontian 61.21, carbonic acid 30.20, water 8.59.
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(Distinctive characters.) This mineral strikingly resembles the
- aarbonate of barytes ; but the latter has a greater specific gravity, does
not send out filaments before the blowpipe, and easily melts without
changing the color of the flame.

( Localities.) This mineral was first discovered at Strontian, in
Scotland,in a vein traversing gneiss ; it is' there accompanied by sul-
phuret of lead, sulphate of barytes, &c. It occurs also at Braunsdorf
in Saxony ;—in Salzburg ;—in Sicily ;—and in Peru ; but it is a rare
mineral.

It does not possess those poisonous properties, which belong to the’
carbonate of barytes. (Brocmarr.)

Srecigs 3. BARYSTRONTIANITE. Trairz,

It occurs in masses, which, when broken in one direction, ta
radiated or broad fibrous structure, with a shining, pearly lustre. Its
cross fracture is uneven of splintery, with a glistening, resinous lustre.
Its specific gravity is 3.70. It scratches the carbonate of lime, but is
less hard than the fluate of lime. It is translucent, and grayish white,
when recently broken. '

* By exposure to the atmosphere, its surfaceshecomes earthy, opaque,
dull, and sometimes yellowish white.

It is infusible by the blowpipe. In acids it effervesces, and is in
part dissolved. It contains, according to ‘Craill, carbonate of strontian

~ 68.6, sulphate of barytes 27.5, carbonate of lime 2.6, oxide of iron,
0.1 ;=08.8.

This mineral, discovered by Dr. Traill, near Stromness, in one of
the Orkney islands, is associated with galena in argillaceous slate,
resting on mica slate. Dr. Traill remarks, that its homogeneous aspect,
crystalline structure, and uniformity of composition are reasons for
considering it a distinct species. "

GENUS III. LIME.

This genus embraces nine species, some of which are extremely
abundant, and important in their uses. It will be recollected, that the
term salt is applied to minerals of a certain composition, independent
of physical characters. Hence it is, that many salts in this genus ex-
hibit the properties of those substances, usually called stones. -

Srecies 1. CARBONATE OF LIME.

On some accounts, this is the most interesting species, which the
mineral kingdom contains. It exists more abundantly, than any other
simple mineral, and is by some supposed to constitute one eighth part
of the exterior crust of the globe. In fact, calcareous minerals, belong-
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ing to this species, are every day produced ; arising either from the
disintegration of Carbonate of lime, which had previously existed in the
mineral kingdom, or proceeding from the decomposition of calcareous
substances, once attached to animals. This mineral surpasses all others
in the facilities, which it affords for the study of crystallography, by the
frequent occurrence of its crystals, the diversity of their forms, the
regularity of their structure, and the ease, with which they yield to
. mechanical division.

This species presents an unusial number of varieties, differing ex-
eeedmgly fromi each other in their external characters. Hénce, in.many
cases, it is necessary to depend chiefly on the chemical characters. It
exists not only in extensive, amorphous masses, and under almost every
imitative form, known in the mineral kingdom, but very frequently in
crystals.

" These crystals permit an easy separation of their component lam-
inse ; and mechanical division obtains for the primitive form a rhomb
(Pl III, fig. 12.), that is, a solid, whose sides are rhombs, having their
two acute angles 78° 28’, and their two obtuse angles 101° 32'. The
faces of this rhomb are inclined to each other at angles of 74° 55’ and
105° 05'. Its integrant particles have the same form, according to
Hailiy.—In some hexaedral prisms the primitive rhomb is visible to the
eye, its summits touchlng the terminal faces of the prism.

: Carbonate of lime is harder than sulphate of lime, but may always
be scratched by iron, and usually by fluate of lime. When pure and
crystallized, its specific gravity varies from 2.68 to 2.74. When trans-
parent, it possesses the property of double refraction in a high degree,
which may be observed by looking through two parallel faces of a rhom-
boidal crystal or fragment at a black circle, drawn on white paper.

Phosphorescence is not essential to this species ; but some varieties
phosphoresce, either by projecting them in powder on burning coals, or
by friction, or indeed by both methods.

( Chemical characters.) Carbonate of lime is soluble in nitric acid ;
and, by the escape of the carbonic acid, more or less effervescence is
produced ; some varieties, however, effervesce very slowly. Before the
blowpipe it decrepitates, and, if pure, is perfectly infusible ; but, by a
strong heat, its carbonic acid is driven off, and quicklime or pure lime,
whose taste is well known, remains~It is insoluble in pure water;
but, if the water contain carbonic acid, it dissolves a small quantity of
this mineral.

1t is composed, according to the analysis of Vauquelin, of lime 57,
carbonic acid 43 ; a little water is usually present.

( Distinctive characters.) Its greater hardness, and its effervescence
in nitric acid distinguish it from sulphate of lime.~It is less hard than
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fluate of lime, and does not, when its powder is thrown to warm sul-
phuric acid, yield a gas, capable of corroding glags.—From the zeolite
it differs by the fusibility of the latter.—Like the carbonates of barytes,
strontian, and lead, this mineral effervesces with nitric acid ; but it
differs from them by burning to lime, by possessing a less specific grav-
ity, and by being precipitated from its solution in nitric acid by the
oxalate of ammonia.

The various structures and forms of this species, and the intermix-
ture of foreign ingredients, more or less intimately combined, render
numerous subdivisions absolutely necessary.

Svespecres 1. Carcsueous Spar. JAMESON.

Kalk spath. Werner. Hausmann. chuurhoméepnnmthqne. Brengniart. Common spar,
Kirwen. Le spath esleaire, Br spar, Aikin, Phillips,

~ 'This subspecies occurs in crystals more or less regular, or in lami-
nated masses; and may hence be divided into two varieties.

Par. 1. CRYSTALLIZED CALCAREOUS sPAR. It rarely exhibits the
primitive form in distinct crystals. The Iceland spar, from the island
of that name, occurs in laminated masses, very easily divisible into
rhombs, perfectly similar to the primitive rhomb.

Of this nucleus or primitive rhomb Haiiy has described about 120
modifications, or secondary forms. Count Bournon has enumerated 59
modifications of the primitive form ; but these modifications are various-
Iy combined, two or more of them being sometimes exhibited in differ-
ent parts of the same crystal, and give rise to 616 varieties of form, of
which the Count has given figures. He has also described 63 additional
wvarieties of form, arising from a greater or less extent of the faces of the
crystals. Of these various forms, more numerous than those of any other
crystallized substance, we can describe but a few, and chiefly the most
common.

1. A very obtuse rhomb (PI. III, fig. 13.), whose axis is equal to that
of the primitive rhomb. Each of the plane angles at the summits is 114°
19’; and the mutual inclinations of its faces are 134° 26’ and 45° 34".
This variety is common ; and, when its edges are rounded, its form is
somewhat lenticular. This epithet, however, is sometimes extended to
the perfect crystals. (Equiaxe. Haily.)

2. An acute rhomb (Pl. III, fig. 14.); the plane angles of each face
are 104° 29’ and 75° 31’, the latter being the measure of the angles at
the summits ; the mutual inclinations of its faces are 101° 32’ and 78°
28’. This form is common, and is often found in shell limestone, even
in the interior of the shells, (Inverse. Haiiy.)

8. A very acute rhomb, in which the plane angles at the summits
are each 45° 384’

4. A rhomb slightly acute (Pl. III, fig, 15.), and differing but little

20
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from a cube. The plane angles of each face are 87° 42’ and 92° 18",
(Cuboide. Haiy.)

5. A dodecaedron (Pl III, fig. 16.), composed of two six-sided pyr-
amids, applied base to base. Each face is a scalene triangle. In each
half of this dodecaedron three alternate edges contain an angle of
104° 29’, and the other three an angle of 144° 20’; but the more ob-
tuse edges in one half are opposed to the less obtuse in the other half.
This variety is common, and has been called hog-tooth spar. Its crys-
tals have been seen more than a foot in length. (Metastatique. Haily.)

6. The summits of the preceding dodecaedron are sometimes furmed
by three rhombic planes (Pl III, fig. 17.), which are parallel to the
faces of the inclosed nucleus. The terminating planes, at each ex-
tremity, stand on the three more obtuse and alternate lateral edges.
(Binaire. Haily.)

7. The preceding crystal (fig. 17.) is sometimes truncated on the
six solid angles of the common base of the two pyramids by hexagonal
faces (Pl III, fig. 18.), so that the form assumes a prismatic aspect.
(Bibinaire. Haily.)

8. A regular six-sided prism. Two, three, or four of its sides are
sometimes broader, than the other four, three, or two. (Prismatique.
Haily.)

9. A hexaedral prism with pentagonal sides (Pl. III, fig. 19.), ter-
minated at each extremity by three pentagonal faces, which stand on
alternate lateral planes, and form with them an angle of 116° 84‘. The
sides of this prism are sometimes so shortened, that they become isos-
celes triangles, and the crystal then somewhat resembles the head of a
nail. This variety is common ; and the summits are often so striated
as to indicate the decrementa. (Dodécaédre. Haily.)

10. Sometimes the bases of the terminating pentagons of the pre-
ceding crystal are enlarged (PL III, fig. 20.), thus producing an ine-
quality in the breadth of the sides. (Dilatée. Haily.)

Two other varieties, somewhat uncommon, are represented in Pl.
111, fig. 21 and 22.*

It also occurs in imperfect prisms, or in acicular crystals, variously
aggregated.

These crystals present a foliated structure, and the laminse have
ordinarily a strong vitreous lustre ; the fragments are rhomboidal
They are sometimes only translucent, or even opaque, at least in part,
but are usually either semitransparent or transparent. Though often

® Werner gives a general view of these crystals by referving them to three predominant frms,
viz. a triangular and hexrangular pyramid, both of which are usually double, and a Acxaedre! prirm ;
from these he derives the other forms by traneation, bevelment, &e.

Bournon arranges them under three modifieations of the primitive form, viz. rhombs, different
ﬁommepnmmrhmb,pd.m,wmmu:
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limpid, they are frequently white, sometimes tinged with yellow, &c.
they are also yellowish brown, or present some shade of gray, yellew,
green, red, violet, or black. Not unfrequently a play of colors appears
at the surface, which is sometimes confined to the vicinity of the two
summits of a rhomb.—~The numerous images with brilliant colors, which
calcareous spar sometimes presents, are usually produced, accerding to
Brewster, by veins or films of the same substance, passing in the di-
rection of the longer diagonal of the rhombic crystal or mass.

Seme crystals, especially those of a yellowish browa color, and those
from bituminous or shell limestone, phosphoresce on hot iron.

‘When pure and transparent, it acquires electricity by pressure be-
tween the thumb and finger, and preserves it a long time. (See Introd.
172) -

2. LAMINATED CALCAREOUS 8PAR. This variety is the result of a
crystallization more or less confined or disturbed. The structure is
always foliated. Sometimes the lamine are very large, regularly ar-
ranged, easily separable, and often {ransparent ; they are in fact com-
posed of little rhombs, applied to each other by similar faces, so0 as to
form a continuous mass in the same plane.

In other cases, the lamine are smaller and irregularly situated ;
and, as their size is reduced, this variety begins to exhibit the structure
of granular limestone. Most frequently it is translucent ; and is nsu-
ally white, sometimes tinged with yellow, &c.

( Geological situation.) , Both varieties of Calcareous spar most
commonly occur in veins, associated with a great variety of other min-
erals, as quariz, fluate of lime, sulphate of barytes, the sulphurets of
lead, zinc, &c. They are found in all classes of rocks, and are very
common in metallic veins. The finest crystals are obtained from cavi-
ties in veins ; or from fissures, or between strata, in compact limestone.

The laminated masses are most cemmon in veins, traversing calca-
reous rocks.—One variety with small laminee, irregularly arranged, is
formed by the filtration of water into cavities. But this may be distin-
guished from that, which belongs to older formations, by being less hard,
and by being usually intermixed with compact limestone. ,

(Localities.) Among foreign localities, Derbyshire, Iceland, and
the Harz in Saxony are particularly distinguished. In Fifeshire, and
Iceland, it sometimes forms masses, whose dimensions are several fect
in extent and thickness.

In the United States. In Missouri, Washingten County, it occurs
in white or honey yellow, transparent masses, in a red marly clay.
(Scmoorcrarr.)—In Kentucky, in fine rhombie crystals, equal to the
Iceland spar. (Serszsr,)—~In Pennsylvania, 6 miles 8. from Lancas-
ter, in delicate acicular prisms, sometimes forming diverging or radiated
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groups, in the fissures of argillite. (Mozrovn & M Evex.)—~In New
Jersey, at Schuyler’s copper mine, in short six-sided prisms with three-
sided summits, and in double six-sided pyramids—and at Fort Lee,
on the Hudson, in acute rhombs with quartz. (Pierce & Torzer.)—
In Mew York, Dutchess County, laminated, and associated with quartz.
(8cracrrer.)—At Catskill, in slightly acute rhombs, sometimes trans-
parent, in veins traversing compact limestone. (Bzace.)—At Beth-
lehem and Coeymans in compact limestone. (Becx & Earon., n
Diamond island, in Lake George, in short six-sided prisms with three-
sided summits, ‘with quartz in secondary limestone. (M Even.)—
Near Ticonderoga in transparent laminated masses, and in rhombs
slightly acute. (Bzsck.)—At Rodger’s rock in hemitrope or grouped
crystals. (M’ Evey. )—At Niagara Falls, at the foot of Goat island, in
six-sided prisms, and in pale flesh colored, white, and straw yellow
rhombs, some of which differ but little from cubes. (Morrox.)—In
Connecticut, on Milford Hills, 5 miles W. from New Haven, in lam-
inated masses, penetrated with chlorite; and in rhombic crystals at
the marble quarry on the same hills ;—also at the lead mine in Mid-
dletown, mixed with the sulphurets of lead, zinc, &c. (SrLLrman.)—
In Massachusetts, at Charlestown, in argillite, and at Brighton, in
amygdaloid, both massive and in crystals ; at Waltham, Danvers, &c.
the laminated variety occurs in greenstome and argillite. (J. F. & &
L. Dswa.)

Supspecies 2. GRANULAR LiMEsTONE.

Korniger kalkstein. Werner. Chaux carbonatée saccaroide. Hauy. Brengniart. Fohated aml Gran-
ular limestone. Kirwan. Pierve leai Brech Granular foli:
Marmor. Heu G i Aikiu. Phillips.

This subspecies is the result of a confused or irregular crystalliza-
tion. Its structure is both foliated and granular. ‘The grains are of
various sizes from coarse to very fine, sometimes indeed so fine, that
the mass appears. almost compact. When these grains are white and
of a moderate size, this mineral strongly resembles white sugar in
selid masses.

When its masses are broken, the faces of the laminee, which vary
m extent, according to the size of the grains, are sometimes shining,
and sometimes distinguishable only by their glimmering lustre. 'When
the structure is very finely granular, the fracture often becomes a
little splintery.

Both its hardness and the cohesion of its grains are somewhat va-
riable. It generally appears to be a little harder, than calcareous spar;
and, in some cases, this hardness undoubtedly depends on the presence
of siliceous particles; indeed it sometimes gives a few sparks with
steel. Its specific gravity usually lies between 271 and 2.84.
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1t is more or less translucent, but, in the dark coldred virieties, at
the edges only. Its color is most commonly white or gray, often snow
white, and sometimes grayish black ; the white is sometimes tinged
with other colors. It also presents certain shades of blue, green, red,
or yellow. Moest frequently the colors are uniform, but sometimes
variegated in spots, veins, or clouds, arising from the intermixture of
foreign substances.

Some varieties of Granular limestone are flexible, when sawn into
thin slabs. -

Granular limestone is sometimes a pure Carbonate of lime. (Bu-
csorz.) In a specimen of Carrara marble, Kirwan found 1}5 of alu-
mine, and a few minute crystals of quartz.

It is, in most cases, distinguishable from the Dolomite, a magnesmn
Carbonate of lime, by the slow effervescence of the latter in nitric acid:.

( Geological situation.) Granular limestone exists in very Jarge
masses, and is almost exclusively found in primitive rocks. It is some-
times, however, connected with transition rocks. When primitive, it
never embraces any remains of organized bodies. Sometimes, indeed,
it has been observed among secondary rocks, but the shells, which it
then contains, or its accompanying minerals, easily determine its rel-
ative age.

In some instances it' forms the, mass of the whole mountain; but
more commonly it occurs in beds, which are often of very considerable
extent and thickness, and sometimes more or less distinctly stratified.
These beds are often contained in gneiss, mica slate, argillite, porphy-
ry, and greenstone; they alternate with these rocks, have the same
inclination, and are undoubtedly of contemporaneous formation. In-
deed this limestone is often mixed with the rock, which contains it,
and even becomes one of its constituent parts. In the Pyrenees, ac-
cording to Pallassau, vertical beds of Granular limestone alternate with
granite, and trap, or the limestone is even intermixed with those rocks.

This limestone contains various simple minerals, among which are
quartz, mica, talc, garnets, tremolite, actynolite, asbestus, hornblende,
serpentine, the sulphurets of lead, iron, &c. arsenical and magnetic
iren, &c. The mica sometimes gives it a slaty structure.

(Locslities.) There are few countries, in which Granular limestone
is not found. Italy and Greece furnished the ancients with valuable
quarries.

In the United States are numerous localities, of which we select a
few, particularly those, which furnish marble. (See Marble.) In Mary-
lend, 9 miles from Baltimore ; it is sometimes very white, semitrans-
parent, and composed of large grains. (‘G 1Lmoxr. )—Also in Frederick
County, near Sams Creek, where it is primitive, and contains some
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mica or talc ;~~aléo in Washington County, at Boonsborough, where it
has a fine grain, and is asseciated with transition rocks. (Harpew.)—
In Pennsylvania, in Montgomery County, on the Schuylkill, in the
town of White Marsh, &c. from 10 to 15 miles from Philadelphia ; its
quarries have been open several years. (Conr4p.)—~Also at Norris-
ton and several other places not far from Philadelphia.~In Mew Jer-
sey, westerly from Pompton plains, in primitive rocks ; it is grayish
white, is rendered porphyritic by grains of green serpentine, and re-
ceives a good polish. (Przrcs.)—In New York, at Kingsbridge ; it
is sometimes traversed by narrow veins of granite, mica slate, and
quartz, and contains occasionally yellow mica, white augite, tourmaline,
&c. this limestone passes through West Chester County, in strata,
dipping to the 8. E. at about 65°, and is connected with that extensive
deposite of granular limestone, which accompanies primitive rocks
from Canada through the western parts of New England, crosses the
Hudson near Stony Point into Rockland County, and again appears
in New Jersey, Pennsylvania, Maryland, and Virginia. (Pirzecz &
Torzer.)—In Connecticut, on the Milford Hills, 7 miles W. from
New Haven ; these calcareous strata, sometimes one fourth of a mile
wide, extend northerly from Milford harbor 9 or 10 miles, leaving the
coast, and apparently terminating about 2 mil‘es back of New Haven,
where, as well as in many other places, they rise in extensive ledges above
the surface. This limestone is distinctly stratified, and the strata are
parallel with those of the Chlorite slate, in which they are contained,
and with which they sometimes alternate ; it has a fine grain, is trav-
ersed by veins of calcareous spar, and magnesian carbonate of lime,
and, toward the eastern and northern extremities, is associated with
serpentine, &c. In descending from Watertown, about 30 miles N.
from Milford, granite, gneiss, mica slate, and argillite with greenstone
slate and chlorite slate, are successively passed over; the gneiss and
mica contain very extensive beds of white granular limestone; but it
is only mear the southern extremity of the aforementioned primitive
strata, that the limestone, which yields the green and variegated mar-
ble, appears ; and the next formation is the old red sandstone, sur-
mounted by greenstone, with some slaty rocks intervening between
the marble and sandstone. The relative position of this marble, its
variegated colors, its twisted and entangled structure, and the frag-
ments, which it apparently contains, firmly connected by veins of white
calcareous spar, seem to place this marble the last in the primitive se-
ries, or the first in the transition class ;~—also at Washington and New
Milford, forming beds in gneiss—and at Reading, Oxford, Derby, &e.
often very white with large folia, and frequently penetrated by crystals
of tremolite. (S1rr1man.)—In Rhode Island, at Smithfield, where it
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occurs snow white, of a fine grain, translucid, and perfectly resembles
the Carrara marble of Italy. (Mzanz.)—In Vermont, at Pittsford,
Middlebury, and various other places between the Green Mountaine
and Lake Champlain; at Middlebury, the strata are irregular, and
inclined to the north west. (Harr,)—In Massachusetts, Berkshire
County, extending nearly north and south through Sheffield, West
Stockbridge, Pittsfield, Lanesborough, &c. this limestone, which fur-
nishes the marble, wrought in this County, is associated with micg
slate and other primitive rocks, or even altermates with them ;—in
Adams, at the Cave or Falls, it is intimately connected with large
blocks of granite, and rests on mica slate. (Dzwx7.)—This range of
limestone, as already remarked, extends from Massachusetts through
Vermont to the Michiscoui river.—Granular limestone from Reading
to Canaan in Connecticut, and thence through Tyringham and Adams,
‘West Stockbridge and Williamstown in Massachusetts, is often ac-
companied by granular quartz, and west of Pittsfield it distinctly
passes under argillite. (Esron.)—~At Chelmsford, it is white, gray,
or blue, phosphoresces by friction, or on a hot iron, and forms a bed
in mica slate—it also occurs at Bedford. (J. F. & 8. L. Danas,)—In
Newbury, about 2 miles from Newburyport, it occurs fine grained,
with veins of precious serpentine, amianthus, &c—In Maine, at
- Brunswick, in beds, which have the direction and inclination of all
the stratified rocks in the vicinity, viz. from S. W. to N. E. and in-
clined at about 45°. The contiguous strata are somewhat variable and
uncommon in their composition ; sometimes they are composed of horn-
blende, mica, and limestone, and are perfectly fissile; sometimes of
quartz and actynolite, stratified; and sometimes they form a kind of
gneiss, which even passes into granite. The limestone is whitish or
gray, large grained, and contains actynolite, talc, mica, sulphuret of
iron, both common and magnetic, &c.—In Thomaston, Lincoln Coun-
ty, its beds have the same direction, as those of Brunswick; but the
limestone is fine grained, and usually variegated with shades of gray
and blue—It occurs also in the interior of Maine, but has not been
examined.

(Uses.) ‘This, like other varieties of limestone, may be burnt to
lime for preparing mortar, or employed as a flux for certain ores, par-
ticularly those, which contain alumine and silex. But it is more pe-
culiarly appropriated to statuary, decorations in architecture, and other
ernamental works, under the name of marble; it is hence sometimes
called statuary marble ; and also primitive marble from its geological
situation.—It forms an excellent and very durable building stone.

Marble. In strict propriety, the term marble should be confined
to those varieties of Carbonate of lime, which are susceptible of a
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polish ; including. also some minerals, in which- carbonate of ‘limé
abounds. Among artists, however, this term is sometimes extended
to serpentine, jasper, basalt, porphyry, &c. when polished.—The Latin
marmor, marble, derived from the Greek wxgmwsigers, to shine, was ap-
plicd by the ancients to all stones, susceptible of a good polish.

Both granular and compact limestone furnish numerous varieties
of marble ; but those, which belong to the former, exhibit a more uni-
form color, possess a greater translucency, are generally susceptible
of a higher polish, and are hence most esteemed for statuary, and some
other purposes. The uniformity. of color, 8o common in primitive mar-
bles, is sometimes interrupted by spots, or veins, or clouds of different
colors, arising from the intermixture of hornblende, serpentine, talc,
chromate of iron, &c. &c.—Of foreign marbles we mention a few.

The word antique, sometimes extended to any marble, employed
by the ancients, is more frequently limited to those marbles, whose
quarries are now unknown, or not explored.

The Carrara marble, found im ‘Tuscany, was highly esteemed by the
ancients, and is most employed by the moderns for statuary. It is very
white, sometimes veined with gray, and has a grain considerably fine.

The Luui marble, found also in Tuscany, is extremely white, and
its grain is a little finer, than that from Carrara. Of this marble Do-
lomieu and indeed most mineralogists suppose the famous Apollo of
Belvidere to be made. Dr. Clarke considers it Parian marble.

The Parian marble, obtained from the isles of Paros, Naxos, &c.
in the Archipelago, was much employed by the ancients. It is white,
but often with a slight tinge of yellow. Its grains are larger than those
of Carrara marble. The celebrated Venus de Medicis is of this marble.
It is the Lychnites of the ancients, its quarries being often worked by
the light of a lamp.—Ancient works in Parian marble retain the mild
lustre of their original polish.

The Cipolin marble, anciently obtained from Egypt, is marked with
greenish stripes or veins, composed of talc, chlorite, or mica.

The Pentelic marble, from Mount Pentelicus, near Athens, resem-
bles the Parian, but its grain is finer ; it is sometimes striped, like the
Cipolin. With this marble the Parthenon was built. Of this marble
was made the statue of Esculapius, and many celebrated works of
Athens. But they have not retained their polish and beauty, like those
executed in Parian marble.

The Green antique mayble—verd antique—verde antico of the Ital-
ians, is an irregular mixture of granular limestone and green serpentine ;
or the green is, perhaps, sometimes produced by the oxide of chrome.

The Red antique marble, marked with minute, white dots, is sup-
posed to have been found in Egypt.
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Raly contains numerous marbles. In addition to those already
mentioned, are the Sienna marble, which presents large, irregular yel-
lowish spots, surrounded by bluish red veins ; and the Mandelato mar-
ble, which is light red with yellowish white spots.

Sicily is rich in marbles, derived from primitive, transmon, and
secondary limestone. The most valuable are found in the vicinity of
. Taormina, and Frupani. The Sicilian Jasper of artists is a striped
marble.

Spain possesses many beautiful marbles, among which is the statua-
ry marble, near Cordova; the red Seville marble; and the Grenada
marble, which much resembles the verd antique.

France contains numerous marbles, many of which belong to com-
pact limestone. The Campan marble, found in the Pyrenees, is a gran-
ular limestone, traversed by veins of green talc; its colors are pale sea
green, rose red, and deep red, sometimes arranged in broad stripes.

England abounds with fine marble ; but most of it belongs to com-
pact limestone. The Mona marble of Anglesey resembles the verd
antique. Its colors are leek green, greenish black, and purple irregu-
larly blended with white.

Scotland furnishes several varieties of marble, among which the
Red Tiree is most esteemed. It is rose or flesh red, and its appearance
is much diversified by imbedded minerals, particularly commeon horn-
blende.

Breccia marble. This is a calcareous breccia; and the fragments,
of which it is composed, are often those of granular limestone. The
colors appear in spots, are well defined, and do not pass into each other.
Italy and Spain furnish very beautiful breccia marbles. That of
Riela, in Arragon, presents black fragments, imbedded in a reddish
yellow base; and that of Old Castile is bright red, inclosing yellow,
brown, and dark gray fragments.—The antique African breccia has a
black ground, containing gray, red, and purple fragments. The pedes-
tal of Venus leaving the bath, now in the Royal Museum at Paris, is
of this marble. (See Marble in Maryland.)

In New Brunswick, near the city of St. John, is found a variegated
marble, sometimes with serpentine intermixed, and thus resembling
the verd antique. ((TrarE2.)

In the United States are many beautiful and valuable marbles ; but
the state of the arts has not yet caused them to be very extensively
quarried, nor even sufficiently explored. The following are all, con-
cerning which the author has been able to obtain information ; but the
list is incomplete, and the description, in some cases, lmperfect.

Maryland. At New Market is a marble, which is intermediate
between dove colored and ash grey, possesses a fine grain, rectives a
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goed pélish, and is sold at Baltimore in a rough state at two dollars a
cubic foot.—1In Frederick County, near Sams Creek, is a red and white
marble, resembling, when polished, some varieties of soap ; its price at
Baltimore is the same, as that of the preceding—In Washington County,
at Boonsborough, is a very white marble, having a finer grain, than the
Italian statuary marble, but it is not much employed.—~The Potowmac
Breccia marble is obtained on the banks of the Potowmac, not far from

its junction with the Monocasy, 50 or 60 miles above the city of Wash-

ington. The calors of this very beautiful, variegated breccia are white,
gray, reddish brown, blackish, &c. The fragments, of which it is com-
posed, vary in size from that of the head to that of a grain of sand,
and their forms are angular, rhombic, rounded, oval, &c.—most of them
are susceptible of a good polish. When viewed in large, polished
columns, it presents, in the fragments of which it is composed, an un-
common variety of forms and colors variously intermingled. OF this
breccia are formed the shafts of the columns in the Representatives’
chamber, in the Capitol of the United States: they are 19 feet 9 inches
in height from the base to the capital, and 2 feet in diameter ; and some-
of them are composed of one entire mass. Indeed a block 70 feet long,
with a base 11 feet by 7 feet, has been obtained at the quarry.~The
Breccia, in which the Potowmac quarry is opened, lies on the eastern
side, and at the foot, of the Blue Ridge, which, on its eastern side, for
10 or 15 miles N. from the Potowmac, is composed of quartzy, slaty,
and porphyritic rocks, and from Emittsburg to Pennsylvania of por-
- phyritic rocks chiefly. In Fredericktown valley, the breccia, which is
much contaminated by siliceous grains, lies contiguous, on its eastern
side, to.a gray, slaty limestone, and a little northward of Emittsburg,
it is beunded on its eastern side by sienite, which extends nearly to
M’Kessenburg, in Adams County, Pennsylvania, in which town the
breccia exists in great quantities. (H4rpEw.)

Pennsylvania. Philadelphia or Schuylkill marble. Its color is
white or grayish white, sometimes variegated with veins or clouds of a
darker color, and sometimes passing to different shades of light and
dark blue. It is somewhat coarse grained, but receives a very good
polish. Two very large quarries are now worked within 20 miles of
Philadelphia. It is very extensively employed in the arts, and, when
polished, its price varies from $1.25 to 81.75 a square foot. (WisTER.)
—In Lancister County, near Sandersburg, is a variegated marble, in
which the darker colors are intersected by white veins, and the lighter
colors by dark lines> (Scn4BF#ER.)

New York. At Kingsbridge, near the city ; it is grayish white,
often with a tinge of blue, coarse grained, and sometimes contains mica
and other imbedded minerals. As a building stone, it sells at about
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75 cents a cubic foot, and in polished slabs at about one dollar a square
foot. (Pizace & Torrer.)—At Singsing, it is white, and has a finer
grain than that at Kingsbridge ; it is employed to a considerable ex-
tent. (Pz2rce.)—The marble of, Singsing, West Farms, and Kings-
bridge often contains grains of quartz, which cause it to give fire under
the chisel. (Mrrcarrc.)—At Granville is a clouded marble, which is
said to be extensively wrought. (Dzws7.)

Conneclicut. JNew Haven marble. The texture of . this uncom-
monly beautiful marble is very finely granular. Its predominant color
is gray or blue, richly variegated by veins or clouds of white, black, or
green, the last of which sometimes pervades a large mass. - Some va-
rieties exhibit clouds of a brilliant orange or gold yellow, associated
with green serpentine and dove colored limestone, and constitute a

very beautiful marble. It receives a high polish, and endures the action

of fire remarkably well. Magnetic oxide of iron, and chromate of iron,
forming black clouds and spots, are disseminated through this marble,
and also through the green and yellow serpentine, which is much mix-
ed with the marble, and greatly increases its beauty. The green color
appears to be produced sometimes by the oxide of chrome, and some-
. times it depends on the presence of serpentine. The principal quarry
is 7 miles from New Haven ; but other quarries are opemed within 2
miles of the city, and from these are obtained the yellow marble.
When employed for chimney facings, it costs from $2.50 to $3.00 a
square foot; and, when formed into slabs for tables, from $4.00 to $5.00
a square foot. Entire chimney pieces, of which there are four in the
Capitol at Washington, cost from 250 to 500 dollars. This marble,
when it contains green colors, belongs to the variety, usually called
Verd antique, and is the Ophicalce veinée of Brongniart. Marhle is
also found at Washington and New Milford ; this marble, eften very
white, is highly crystalline, sometimes large grained, and sometimes
%o fine grained, that the mass resembles loaf sugar. Some of it belongs
tothe variety, called Statuary marble ; but is often too tender for the
chigel, and frequently contains crystals or fibrous masses of tremolite.
It is extensively employed for sepulchral monuments. Some of it
belongs to Dolomite. (87211um4n.)

Vermont. The marble of this state is, in general, fine grained, and
sometimes nearly compact. Its quarries have been opened at Middle-
bury, Pittsford, &c. The marble from Pittsford is white, either pure,
or shaded with gray, &c. It is conveyed by the waters of Otter Creek
to Middlebury, where it is manufactured—The Middiebury marble is

sometimes of a pure white, resembling some varieties of Italian marble ;’

but the predominating color is gray of different intensities. This mar-
- ble receives a good polish, and is manufactured inte tombstones, chim-
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ney jambs, window caps, &c. During the years 1809 and 1810, 20,000
feet of slabs were cut by one mill, containing 65 saws ; and the sales
of marble, d‘m'ing the same period, amounted to about 11,000 dollars.
(Hacr.) Some of the Vermont marbles are as white, as the Carrara
marble, with a grain intermediate between that of the Carrara and Pa-
rian marbles.—At Shaftsbury, it is white, and is said to be extensively
quarried. (Dewer.)—At Swanton, on the Michiscoui, the marble has a
finely granular texture, and is clouded, presenting a mixture of white,

“blue, and dove color, the last of which predominates. It is often very
beautifully shaded and veined, the veins being sometimes white. This
quarry furnishes annually from 4,000 to 5,000 feet of marble, estimated
at one dollar a foot. (Brack.)

Rhode Island. At Smithfield, is 2 white marble, sometimes veined
with blue ; it has a granular texture, either coarse or fine, and bears a
good polish. The very fine grained white variety has not oceurred
sufficiently free from rifts to be employed in statuary. It is a primitive
marble.—A red and white variegated marble, associated with transition
rocks, is found in the same town. (G1a5s.)

Massachusetts. West Stockbridge marble. It is sometimes white,
but more frequently clouded, either light or dark, and receives a good
polish. This town furnishes annually about 16,000 square feet of mar-
ble slabs ; and the value of all the marble, annwally obtained, may be
estimated at from 25,000'to 30,000 dollars.—Lanesborough marble.
Its colors are white and brownish. The quantity annually sawed is
about 7,000 square feet ; and its value, when wrought, is estimated at

" about 10,000 dollars.—Sheffield marble. It is both white, and clouded.
The value of the marble, annually obtained in this town, is about 8,000
dollars.—The value of all the marble, annually quarried in the County
of Berkshire, is somewhat more than 40,000 dollars.—At Adams, in
the same County, are large quantities of a coarse grained, white marble,
susceptible of a fine polish, and wel} fitted for the cutting of letters.
(Dewgr.) .

Maine. Thomaston marble. It is, in general, fine grained, and its col-
ors are often richly variegated. Sometimes it is white, or grayish wbite,
diversified with veins of a different color. But, in the finest pieces, the
predominant color is gray or bluish gray, interrupted by whitish clouds,
which, at a small distance, resemble the minutely shaded parts of an
engraving, and, at the same time, traversed by numerous small and ir-
regular veins of black and white. It receives a fine polish, and is well
fitted for ornamental works. These quarries, according to Mr. Dwight,
one of the proprietors, annually furnish about 12,000 square feet of
marble, the greater proportion of which is employed for sepulchral mon-
uments. Slabs of the best quality are worth two dollars a square foot,
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but the average price is one dollar.  There are in Thomaston
three mills for the sawing and polishing of marble, which employ
150 saws.

Flexible marble. This is found in Vermont, Rutland County, at
Pittsford, and in Massachusetts, Berkshire County, at West .Stock-
bridge, Lanesborough, and Pittsfield, at the last of which it was first
discovered by Dr. Meade—A slab from Pittsfield 8 feet long, 3 feet
wide, and 9 inches thick, bent in the middle 8 inches below the level
"of its ends, which were supported. (rxsns.)—At West Stockbridge,
it is white, has a granular structure, and readily absorbs water, which,
when frozen, destroys its flexibility. (Mrrcarrr.)—According to the
" experiments of Dr. Meade on the Pittsfield marble, its flexibility de- -
pends on the presence of a certain quantity of moisture ; for, when
flexible slabs of this limestone are exposed to heat, they lose their flex-
ibility, but immediately recover it, when plunged in water. All the
marble of this quarry is not flexible ; those slabs, however, which are
80, exhibit this property immediately after being taken from the quar-
ry ; but the eye cannot distinguish them without experimerit—On the
contrary, thre flexibility of certain European limestones, which were
probably Dolomites, has been supposed to be produced by the action of

" heat, and the consequent escape of the natural moisture of the mineral.
(See Bruce’s Min. Jour. v. i. pp. 98, 267.)

"Bupspecies 3. FiBrous LiMESTONE.
Gemeiner fasriger kalkstein. Herner. C fibrous li Je Chaux carb ée fibreuse,
Hauy. Chaux earbopatée fibrease massive, Brongniart, Satin spar, PAillipe. Faser Kalk, Hausmanh.

It occurs in masses, composed of imperfect crystals or fibres. Some-
times these fibres are coarse, and feebly adhere, or are tapering toward
‘their extremities, and hence appear partly detached from each other.
Sometimes they are very delicate, firmly adhere, and thus form solid
masses. These fibres, whether straight or curved, are most commonly
parallel ; and their cross fracture is uneven or undulated, with a resin-
ous lustre. It is more or less translucent, and its usual colors are
white or gray, often with shades of yellow, red, or green.

It has also been observed with diverging or radiating fibres ; -ind
sometimes in cellular masses, whosé fibres are reticulated. (Bovzx~ox.)
—~It is harder than fibrous gypsum, which it often resembles. -

sATIN sPar. ‘This is a delicate, fibrous limestone, susceptible of a
fine polish, and exhibiting the lustre of satin. It is often chatoyant.
Its color, often grayish, is sontetimes a pale rose red. It is employed
for inlaid, ornamental work.

Very beautiful specimens,of satin spar are found at Aldstone Moor,
in Cumberland County, England. It forms strata from one to four
inches thick in shale, and is accompanied by sulphuret of iron.
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Fibrous limestone is usually found in veins, or between the strata
of other calcareous minerals.

* (Localities.) In the United States. In Maryland, near Baltimore~
In Pennsylvania, at Cumberland valley, 15 miles from Bedford, it is am-
ber colored and semitransparent. (Szrszrr.)—In New Jersey, at
Paquanack Mt. near Pompton plain, satin spar forms narrow veins in
jasper. (Pierce.)~In New Fork, at Catskill ; when polished, it re-
sembles the satin spar. (Prerce & Torrer.)—In Massachuseits, at
Newbury, £ miles from Newburyport, near the tarnpike, specimens of
satin spar have been found. (HaLe.)—Also at Milton and Needham,
forming thin veins in. wacke, and much resembling fibrous gypsum.
(J.F.& 8. L. Dsana.)

Svussprecies 4. Compact LiMesTONE. KIRWAN.

Gemeiner dichter kalkstein. Werner. C L Je Chaux carb
]nete. Hauy Chnux carbonatée Marbre et eumpnete Brongniart. La Pierre caleaire eomp.ete
Comunon i dikin, PAillips. Gemeiner kallatein, Tausmenn.

‘The uses and geological characters of this subspecies render it pe-
culiarly interesting. The term compact, however, as applied to this
mineral, must be received with some latitude ; for, although its texture
is often very close and compact, sometimes like that of wax, in other
instances it is loose and earthy.

It usually occurs in extensive, solid, compact masses, whose fracture
is dull and splintery, sometimes conchoidal or even, and sometimes
uneven or earthy. It is sometimes traversed by minute veins of cal-
careous spar, which reflect a little light ; and some compact limestones
are also slaty. Its hardness is somewhat variable, and some specimens,
containing siliceous particles, give a few sparks with steel. 1ts specific
gravity usually lies between 2.40 and 2.75.

It is opaque, or translucent at the edges; its more common color is
gray, often with shades of yellow, blue, green, &c. and indeed varying
from grayish white to grayish black ; it also presents certain shades of
yellow, blue, brown, and red. These namerous colors are sometimes
very lively, and frequently mingled in the same specimen in spots,
stripes, veins, clouds, landscapes, 8c.—It is usually more or less sus-
ceptible of a polish.

It is sometimes dendritic ; and these dendrites, produced by the
filtration of water, containing the black oxide of iron or manganese,
may be only superficial, or extend. through the mass. In the latter
case, the dendrites are best observed by cutting the mineral perpen-
dicularly to the fissures, by. which the water entered.

* Compact limestone is seldom, perhaps never, a pure Carbonate ;
but contains from 2 to 12 per cent. of silex, alumine, and the oxide of
iron, on the last of which its diversified colors depend. In fact, by




COMPACT LIMESTONE. 163
increasing the propertion of argillaceous matter, it passes into marl.
Some limestones, which effervesce considerably, are still so impure,
that they melt, rather than burn to lime.

Var. 1. rarTHY coMPACT LIMESTONER.* s texture is loose and
porous, and hence this variety often absorbs a large quantity of water.
Its specific gravity, depending on its texture, is sometimes below 2.00.

Its fracture is dull, earthy or uneven, and, though sometimes fine,
is usually coarse grained ; indeed the mass seems to be sometimes com-
posed of a kind of calcareous sand. It is sometimes tender and friable,
and sometimes solid. Its more common colors are white and gray,
often with shades of yellow, brown, &c. It does not receive a polish.

( Geological situation.) It has already been remarked, that granu-
lar limestone is almost invariably characterized, as a primitive rock, by
its relative situation and freedom from organic remains. As the grain
becormes finer, the transparency and crystalline structure gradually di-
minish, and the mineral passes into a compact limestone ; it then asso-
ciates with a different class of rocks, and begins to contain organic re-
mains or petrifactions.

. The older varieties of compact limestone are very often found in the
vicinity of primitive or transition mountains, sometimes placed against
their sides, or even on théir summits. They sometimes form whole
mountains, or even a chain of mountains, and are often found at a great
elevation, as on the summits of the Pyrenees. They occur in beds,
often very thick, and usually more or less inclined. They always lie
above the primitive rocks, and never alternate with them.

These older varieties of compact limestone sometimes contain, in
beds or veins, the sulphurets of lead, zinc, iron, and mercury, the oxides
of zinc, manganese, and iron, certain ores of copper, &c. They some- .
times embrace garnets, steatite, and mica—Petrifactions do indeed oc-
cur in all the varieties of compact limestone, but they usually increase
in number and variety, as the deposite becomes more recent.

On the other hand, the most recent varieties of compact limestene
appear under plains, or censtitute hills or low mountains, usually at
some distance from primitive mountains. They most commonly contain
a great quantity of shells,t or other petrifactions.

Hills of compact limestone, seldom of a conical form, are often ter-
minated by plains, or by rounded summits, and their sides are some-
times nearly perpendicular.

We shall describe more particularly three distinct formations ; the
two former of which fall among the older varieties, menhoned in the
preceding general remarks.

? Chaux carbooatée grosiere. Buy Brengniart,
f'l‘bed:dls,whiehuinin" , may be posed of carbonate of Jime ; or have a siliceous
crm, enveloping the ealeareous part ; or be entirely siliccouns.
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One of these formations appears to belong to the intermediate or
transition class of rocks. The limestone of this formation is always
more or less compact, or, if in any degree granular, extremely fine
grained. Its fracture is splintery or conchoidal; and its fragments
have more translucency at the edges, than those of secondary limestone.
Its colors are remarkably variegated ; and it often contains white veins
of calcareous spar. Its beds, frequently very thick, and indistinctly
stratified, are often deposited directly upon argillite or other primitive
strata, and sometimes alternate with gray-wacke slate, argillite, amyg-

" daloid, hornblende, or greenstone. It sometimes contains organic re-

mains of ammonites, belemnites, corallites, &c.

The formation next to be mentioned is decidedly secondary Itis
dmtmctly stratified ; its beds or strata, which vary much in thickness,
are seldom horizontal, often greatly inclined, and frequently waved: or
twisted, still remaining parallel to each other. It often rests upon red
sandstone, and is, at the same time, covered by gypsum. It sometimes
alternates with clay, marl, or bituminous marlite, impregnated with ores
of copper; but is seldom connected with coal.

It contains sulphate of barytes, calcareous spar, and beds of fetxd
limestone. It also embraces small tuberose masses of hornstone and
flint, intimately united with the limestone, and sometimes arranged in
beds. Petrified fish, gryehltes, ammonites, and other organic remains
are common’in this formation, but usually less numerous than in shell
limestone.—In Peru it is often traversed by veins of silver ore.

Another formation of secondary limestone, more recent than the
preceding, is called coarse or shell limestone, This is found in hills

* with rounded summits, or resting beneath the surface of a level country.

Its strata, sometimes very thin, are commonly horizontal, and not wav-
ed, like those of the preceding formation. They frequently alternate
with marl, clay, sandstone, and sand, with the last of which they are

- often contaminated. Hornstone and flint under various forms appear

also in this formation.

It is sometimes bituminous ; but coal and metallic substances, the
oxide of iron excepted, are extremely rare. In some instances it em-
braces a great variety of shells, belonging to different families, promis-
cuously intermingled ; but frequently, in a succession of different beds,
shells of the same family are found together. Sometimes the whole

~ mass is only an aggregation of shells.

Shell limestone sometimes rests on gypsum. 1In other cases, as in
the vicinity of Paris, it rests on a bed of clay, which separates it from
chalk ; and it is there covered by gypsum, belonging probably to the
latest known formation of that mineral. Inupper Lusatia, it alternates
with sandstone, and both rest on alluvial earths. /Jaxesox.)
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Strata of shell limestone often present rents, fissures, and caverns,
which contain calcareous crystals or concretions, or argillaceous oxide
of iron. These caverns are particularly remarkable for containing the
boues of quadrupeds and other land animals, sumetimes belonging to
different climates and extinct specits. The bones are found on the
floor of the cavern, or imbedded in a limestone, which is obviously of
more recent formation, than the sides of the cavern. Such caverns are
found in Gibraltar, and Dalmatia on the Mediterranean, &c.—~Near
Plymouth, England, have been recently found, in a high state of preser-
vation, bones of the rhinoceros, imbedded in clay, which now fills a cav-
ern, entirely surrounded by solid, compact limestone. This cavern is
70 feet below the surface of the limestone, and has no apparent com-
munication with the exterior in any direction.—~No human bones, in-
closed in minerals, have yet been observed.* (Curier.)—In France,
near Aix in Provence, is a deposite of compact limestone, whose beds
or strata are separated from each other by beds of sand, mixed with
clay. Between the 11th and 12th beds of limestone, at the depth of
40 or 50 feet, were found fragments of columns and of stones, partly
wrought, and of the same nature as the surrounding limestone ; also
handles of hammers, other tools in wood, and a board about one inch
thick, 7 or 8 feet long, but broken into many pieces ; all these articles
of wood were converted into agate. (Bovaxyon.)

(Localities.) Of Compact limestone, so abundantly diffused, it is
unnecessary to enumerate localities. The shell limestone of England

and that of France, bordering on the English Channel, probably belong
to the same strata, once continuous.—It is very abundant in Ireland.
« ltis a predominant rock in that part of the United States, contained
between the Alleghany Mountams, the Lakes, and the Mississippi, as
general boundaries.

(Uses.) Compact limestone is employed to furnish lime, or marble,
or as a building stone. The purest white marble or limestone undoubt-
edly furnishes the best lime, though but little superior to that, obtained
from gray Compact limestone. The calcination of limestone may be
effected by wood, coal, or peat, as fuel ; but the heat should not much
exceed a red heat, unless the stone employed be nearly a pure carbon-
ate~—0On this subject, and the preparation of mortar we have room for
bat few remarks. .

Limestone, recently dug, and of course moist, calcines more easily,
than that, which has become dry by exposure to the air; in the latter
case it is found convenient even to maisten the stone, before putting it
into the kiln.

© Some human skeletons were found a few years since at Guadaloupe in a bed of hard lismestone,
which elosely adheres to the bones. A part of one is in the bands of Cuvier. Another, perfect from the
neek (o the ancles, was transmutted by Sir Alexander Coehrane to the British Muséum.

22
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(Mortar.) This is known to be a mixture of slacked lime and sand,
or of some ingredient equivalent to the sand ; such as clay, baked hard
and reduced to powder. Much depends on a due calcination of the
limestone, the fineness of the sand, and a just proportion of water.
The addition of small quantities of the oxides of iron and manganese
renders the mortar more solid, and capable of becoming hard under
water. Some limestones contain the oxide of manganese, and yield a
lime, which becomes brownish by exposure to the air; and is often
called meagre lime.*

If a suitable quantity of quicklime in powder be added to a mortar,
prepared with one part slacked lime and three parts sand, very great
solidity will be produced. Similar advantages may be obtained by
employing the least possible quantity of water, or by the addition of
pounded bricks, or puzzolana, a volcanic product. Indeed most va-

rieties of trap or greenstone, when pulverized, having been previously -

heated red hot and plunged into water, may be employed with great
advantage in the preparation of water proof mortar for piex'-s, docks,
&c. (81LLiman.) In constructing the Eddystone lighthouse, Mr.
Smeaton employed meagre lime 2 parts in bulk, pure sand 8 parts, and
trass, a pseudo-volcanic product, 1 part—~A compact limestone, found
near Boulogne, yields lime, capable of being formed into very good
mortar without addition ; it contains carbonate of lime 73, silex 15,
iron 7, alumine 5. (Drarrizr.)—~The mortar, which is employed for
constructing locks on canals in New York, and which hardens under
water, is prepared from a bluish impure limestone, sometimes called
water limestone. (Earox.)—A mixture of slacked lime and clay,
formed into balls, dried, and baked, is said by a late French writer to
* furnish a mortar, which becomes solid under water.

Compact limestone is also an important article of manure, for which
purpose the shell limestone is generally preferred. Sometimes the
stone is only pulverized; in other cases it is calcined. It has, however,
been found by experiment, that those varieties of limestone, which
contain magnesia, are injurious to vegetation, when applied, in large
guantities, after calcination. These magnesian limestones may gener-
ally be known by their slow effervescence in acids.

When the texture of this limestone is sufficiently compact and close,
it is employed in Lithography. -

(Secondary marble.) Compact limestone, more particularly that,
which belongs to the older formations, furnishes many beautiful varie-
ties of marble, employed in the arts. Their colors, though sometimes
uniformly gray, yellow, red, or black, are usually much variegated.

® Meagre lime, when & d into mortar, requires less sand, than the other varieties, When lime-
stone, containing manganese, is melted with twiee its weight of nitre, a greenish trace remains on the
sides of the ¢rucible.

-
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These marbles are much diversified, not only by the colors of the lime-
stone, but also by certain foreign substances, which they sometimes
contain. Hence the names shell—lumachella—coral marble, &c.~—
Spain, Italy, England, &c. furnish very beautiful secondary marbles.

In England, Derbyshire, near Bakewell, is quarried a very beautiful
black marble without shells; it is susceptible of a very high pelish,
acquiring the reflective power of a mirror, and is extensively employed
for chimney pieces, &c.—From Wetton, near Ashbourn, is obtained a
grayish black marble, in which are imbedded a great number of very
minute, whitish shells.—Near the Peak in Derbyshire, is found a mar-
ble, abotinding with entrochi——In Devonshire, at Babbicombe, near
Torbay, is quarried an uncommonly beautiful marble, whose colors are
variegated between light brown and deep red.

In Ireland, at Kilkenny, is obtained a black marble, inclosing
whitish shells. '

Namur in the Netherlands, Dinant in Westphalia, and Assynt in
Sutherland, Scotland, also furnish black marbles.—All the black mar.
bles belong to the Lucullite of Jameson. (See Bituminous carbonate
of lime.) :

In France, department of Herault, is found the Griotte marble. Its
color is deep brown with blood red oval spots, produced by shells. It
costs about 200 francs a cubic foot—At St. Beaume, department of
Aude, i obtained a bright red marble with white and gray stripes, pro-
duced by madrepores. Of this marble are the columns in the triumphal
arch in the Carousel at Paris.

Lumachella or shell marble. One of the most beautiful varieties is
from Bleyberg, in Carinthia. The ground is gray or brownish ; but it

" contains fragments of shells, having a pearly lustre, sometimes irised,
and sometimes reflecting an orange red, or green, or blue light. It
is sometimes called Fire marble—~In another variety from Astrachan,
the base is reddish brown, and the shells reflect a gold yellow light.

Some marbles are arborescent or dendritic, exhibiting the appearance
of trees, &c. Others present landscape figures; such is the Cotham
marble, near Bristol, England.

The Florentine or Ruin marble (Marbre ruiniforme of Haiiy), found
on the Po and Arno, is an interesting variety. Its color is usually
yellowish gray, marked with various figures of a brownish or darker
yellow, which exhibit a representation of houses, towers, and in fact of
a city in ruins, with clouds and sky in the back ground. All this
pleasing illusion, however, depends on the distance of the view.

In addition to the preceding varieties, some minerals, which,
when polished, are known under the name of marble, appear to be
only indurated, calcareous marl.
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The substances, employed in polishing marble, are, in general, sand-
stone or emery with water, followed by filings of lead and tin patty,
or, if the marble have a light color, by pumice, and a mixture of cal-
cined bones and alum. ~ ‘

‘White marbles, which have become yellowish or otherwise sullied,
may be cleaned by washing them with diluted oxymuriatic acid.

In the United States, very few marbles, belonging to compact lime-
stone, are yet employed in the arts. In Pennsylvania, at Aaronsherg,
in Northumberland County, is a black marble, containing white specks,
like the Kilkenny marble. (Mz4se.)~In New Fork, near Hudson, is
a grayish brown marble, beautifully variegated by encrinites and other
organic remains. (Eron.)—At Coeymans is a light brown or gray
marble, variegated by whitish fossil remains of the anomia, entrochite,
&c. It is very hard, and does not receive a good polish. (Mrrcarri.)
—Near Seneca Lake is found a variegated marble, Which has a fine
grain, receives an excellent polish, and will probably be much employ-
ed. (PIERCE.)

SusspreciEs 5. BLuE VEsuvian LiMesToNe. JamESsoN.
Blauer Vesuvischer Kalkstein. Xigproeth.

1ts color is bluish gray, sometimes veined with white. It is opaque,
and has a fine earthy or splintery fracture. It occurs in masses, which
have apparently been rolled.

It differs from other varieties of compact limestone in the propor-
tions of acid and lime, and also by containing a large quantity of water.
A specimen yielded Klaproth lime 58.0, carbonic acid 28.5, water 11.0,
magnesia 0.5, silex 1.25, carbon 0.25, oxide of iron 0.25 ;==99.75.

It is found in loose masses among minerals, which have been ejected
unaltered from Vesuvius. : .

It is employed by artists in Mosaic work to represent the sky.

Busspecres 6. CuALk. Krrwan. JaMESON.

Kreide. Werner. He Chaux carbonatée erayeuse. Hauy, Chaux earbonatfe craie.
Brongniart. La Craie. Brochant, Chalk. Aikin. Phillips.

This well known substance is alway amorphous, with a dull, earthy
fracture. It varies in hardness, but may always be scratched by the
finger nail ; it is rough to the touch, soils the finger, and writes. It
adheres a little to the tongue. It is opaque and usually white, often
with a tinge of yellow ; it also occurs gray or brown. Its specific
gravity varies from 2.25 to 2.66.

Chalk is very nearly a pure carbonate of lime, containing
minute quantities of alumine and oxide of iron. It seems to
bave been deposited from a state of suspension, rather than solu-
= in water.

’
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( Geological situation.) Chalk is always associated with secondary .
rocks. It may rise into hills of considerable elevation, or appear many
yards below the surface of a level country. It occurs in thick beds,
more or less distinctly stratified, in most cases nearly or quite horizon-
tal, but sometimes highly inclined or nearly vertical.

Beds of chalk almost always contain flint in masses of a moderate
size, globular, cylindrical, tuberose, vesicular, &c. These masses of
flint are not promiscuously scattered, but usually arranged in numer-
ous, parallel beds, in which, however, they do not lie contiguous to
each other.—~Chalk also contains flint in tabular masses, or in herizon-
tal layers, sometimes several inches in thickness, and of considerable
extent.—The exterior of the flint is usually incrusted, or even pene-
trated by chalk.

Chalk also contains shells, among which are belemnites, echi-
nites, &c. These shells are very often siliceous, and frequently the
cavity itself is filled with a siliceous deposite. A piece of wood,
well preserved, has been found in the chalk of Hampshire, England.
(Bournronx.)

Chalk is often mixed with sand ; but neither coal, nor any metailic
substance, exceptmg the sulphuret or oxide of iron, has been found in
it. In Sicily, it is sometimes mixed with sulphur.

In the nclmty of Paris, the chalk is situated under shell hmestone,
from which it is separated by a bed of clay, It contains many organic
remains, which are not found in the shell limestone above it ; and seems
to be peculiarly characterized by the belemnite. When connected with
shell limestone, the-chalk is perhaps always underneath.

In the isle of Wight is an elevated ridge of hills, extending nearly
E. & W. and composed of strata of chalk nearly vertical, or forming
with the horizon an angle of 60° or 80°; the lower beds do. not contain
flint. Underneath this chalk is found marl and calcareous sandstone, -
with subordinate beds of chert, limestone, clay, and carbonized wood.
( Wessrer. )—Between Dover and Folkstone, in England, the upper
bed of Chalk contains numerous flints, detached from each other, but
arranged in beds, and also parallel and horizontal layers of flint. Un-
derneath is a bed of Chalk without flints, which itself rests upon a gray,
sandy chalk or chalk marl. These strata correspond well to those on
the opposite coast of France. (PrzLLrps.)

In the North East of Ireland, Chalk is covered and sometimes in-
tersected by basult. It is harder and more compact, than that of Eng-
land, but contains the same organic remains. When intersected by
basalt, the chalk, for 8 or 10 feet from' the basalt, is more or less alter-
ed, and near the plane of contact, it passes into a brown crystalline
limestone. (BzrcE=.)
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(Localities.) Ohalk is abundant in Upper Normandy, Champagne,
and Picardy in France, extending into the Netherlands—~In England,
it prevails in the Counties of Kent, Suasex, Hampshire, Berkshire,
Wiltshire, &c~It is found in Ireland ;~—in Poland ;—and on the
islands of Rugen and Zealand in the Baltic.

In the United States, several localities of Chalk have been mention-
ed. But in some cases, at least, these calcareous deposites have been
found to possess the characters of Agaric mineral rather, than those
of Chalk.

(Uses.) These are considerably numerous. When sufficiently com-
pact, it is used as a building stone.—~It furnishes excellent lime by cal-
cination ; and is employed for white crayons, and 48 a base for many
watér colors in painting. Whiting, Spanish White, and Vienna White
are purified chalk ; to prepare which, the chalk is reduced to powder,
and agitated in a large quantity of water. When the sand bas sub-
sided, the water is poured off and permitted to rest, till the chalk is
precipitated.

SusspEcres 7. Acaric MiNeraL. KIRwaN. JaMEson.

Bergmilch, #Werner. Chaux earbonatée spongi Hauy. Brengniart. Lait de montagne,
Brechint. Momtmileh Housmanm Agarie mineral. dikin. Phillipe.

It is composed of very minute, dull particles, feebly cohering, fine
to the touch, and soiling the fingers. Its texture is spongy, and hence
it usually swims for a moment, when placed on water. Its coler is
white, either pure, or tinged with yellow or gray.~It is a very pure
carbonate of lime.

Agaric mineral undoubtedly proceeds from the gradual disintegra-
tion of other varieties of carbonate of lime ; and is deposited from water
in the cavities or fissures of other calcareous rocks.—Sometimes also it
is found attached to rocks, which are not calcareous, or is deposited on
the bottom of ponds, &c.

Far. 1. rossiL rFariNa* This variety differs but littie from that just
described, and has probably a similar origin. It appears in thin, white
crusts, light as cotton, and very easily reducible to powder. These
crusts are attached to the lateral or lower surfaces of beds of shell
limestone, &c.

Agaric mineral is found in Oxfordshire, England, and in Austria,
Salzburg, &c. In Switzerland it occurs abundantly.

+ In the United States. In Ntw Fork, at Catskill, in thin, friable
crusts, attached to secondary limestone and marl, and sometimes in the
cavities of shells. (Brce.)—Also in Jefferson County, at Champion.—
In Vermont, at Lyndon, on the bottom of a pond ; it is white, friable, has
a loose spongy texture, and appears to be a very pure carbonate. (Harz.)

* Chaux e;rboutée pulverulente, Havy. Brengwiart.
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Ag-ic mineral may resemble, and even pass into the purer varieties
of calcareous tufa.~It is sometimes employed for whitening houses and
walls, and as a substitute for whiting.

Svsspgcigs 8. ConcrerED CARBONATE oF Line.

Calcareous concretions exhibit some diversity of structure, and an
uncommon variety of imitative forms, resulting from the peculiar cir-
cumstances, under which they have been produced. Their structure is
usually more or less crystalline. Sometimes they are compact, or por-
ous. Frequently they appear in the form of a crust, and sometimes
they are amorphous. But, in almost all cases, they are more or less
obviously composed of a series of successive layers, nearly or quite
parallel, whether straight, undulated, or concentric.

Var. 1. oouite.* Jusgson. Puirrips. This variety always
occurs in globular or spheroidal masses, usually very small, but
varying from the size of a poppy seed to that of a pea. These
‘globules are sometimes composed of a compact, calcareous nucleus,
invested by concentric layers, variable in thickness. These layers,
often perceived with difficulty, have in most cases a compact tex-
ture. The nucleus is sometimes detached, leaving its place empty.
(Bournox.) -

The Oolite has a dull fracture, which appears to be splintery. It
is mearly or quite opaque, and its color is brown, reddish brown, gray,
yellowish or whitish gray. Its specific gravity is about 2.64.

It is an impure carbonate, and seldom yields good lime.

( Geological situation and Localities.) These globules are almost
always united by a calcareous or marly cement; and the beds or
masses, thus formed, are found connected with rocks of recent forma-
tion, more particularly with shell limestone, calcareous sandstone, and
that variety of compact limestone, called Lias limestone. 1t sometimes
contains organic remains.—Near Bath, England, it lies over the Lias
limestone.—It extends with.but little interruption from Somersetshire
to the Humber, in Lincolnshire. (Jaxzsox.)

In the United States. In Illinois, Gallatin County, on Peter’s
Creek, in globular concretions about the size of mustard seed shot,

composed of concentric layers, embracing a nucleus ; sometimes the

. nucleus is wanting, and a cavity appears in or near the centre of the
globule. These globules are united by a calcareous cement. (Jessyn,)
—In New Fork, it Corlaer’s Hook, near the city, in alluvial deposite ;
it consists of aggregated globules, about the size of mustard seed, and
composed of concentric layers. (Prezce & Torrer.)

* L’Oolite. Brech Chaux earb ée Oolithe. Brongmiart. Chaux carbonatfe globuli-
Srme. Hewy. Roogenstein, Werner, Oviform limestone. Kirwan, Schaaliger Kalkstein, Haus
menn,
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(Uses and Remarks.) This stoné is-soft, when first removed from

‘the quarry, but hardens by exposure to the air. Some varieties are
nployed as a building stone, particularly in England, where the

Oolite is known by the names Bath stone, Ketton stone, and Portland

* . btone.—~With this stone are built St. Paul’s and Somerset House.

(Jameson.)—Those varieties, which are easily penetrated by water,
are sometimes formed into wine coolers, at the surface of which evap-
oration is constantly takin} place.

The name Oolite is derived from the Greek wov, an egg, and adts,
a stone—~The older mineralogists supposed these globules to be the
petrified roes of fish; and hence the name roestone. Daubenton and
others suppose them to be limestone granulated by attrition with water.
This opinion, however, does not explain the formation of the concentric
layers, of which their exterior is sometimes composed. The existence
of these layers .is denied by some; and indeed the closeness of the
texture often renders it difficult to distinguish them.

2. risourte.® This variety occurs in globular or spheroidal concre-

‘tions, usually about the size of a pea, though sometimes larger. These

concretions are composed of distinct, concentric layers, and almost
invariably contain a grain of sand, or some other foreign substance, as
a nucleus. The Pisolite is nearly or quite opaque, and has a dull, even
fracture. Its colors are white, yellowish white, brownish or reddish.

These concretions, sometimes detached and scattered, are more fre-
quently united by a calcareous cement. Thus united, they form masses
of various sizes, and also continuous beds, which are sometimes covered
by alluvial deposites.

The Pisolite has been Yound chiefly near the warm springs of Carls-
bad in Bohemia, and the baths of St. Philip in Tuscany.

(Remarks.) The structure of the Pisolite and the situation, in
which it is found, seem to indicate the mode of formation. The par-
ticles of sand, or nuclei of these concretions, were probably raised and
snspended by an agitated, or rotatory motion of the waters of certain
springs or streams, strongly impregnated with calcareous particles.
These particles were then deposited around the floating nuclei, which,
being thus incrusted with a series of layers, become snﬁiclently heavy
to fall through the fluid.

The name, Pisolite, is derived from the Greek xicor, a pea, and
Atdog, & stone.

3.  careaneous siNTER.?  This variety embraces most of the imita-
tive forms of carbonate of lime, and may be stalactical, tuberose, mam-

* La Pisolite. Brechant, Chaux carbonatée concretionnée Pisolithe, Brongniart. Erbscnstein.
Werner. Peastone, Jameson, Aikin. Phillips. Chaux carbonatée giobuliforme. Heuy.

t Kalksinter. Werner, Cale sinter. Jomeson, La Stalactite calesire, BrocAant. Chaux carbo-
natée concretionnée. Hauy, Stalactitie carbonate of liune. Aikin. Phillipes
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wmillary, reniform, globular, cylindrical, tubular, branched, or in large,
undulated masses, &c. But, under all its forms, it is composed of a .
series of successive layers, concentric, plane, or undulated, and nea.rl'y
or quite parallel. ‘These layers, however, in some cases are not dis--*.
tinct, unless the mass be large.

The structure of these concretions is more or less crystalline, ac-
cording to the different circumstances, under which they were formed.
The fibrous structure most frequently occurs ; and the cross fracture of
the fibres, though often foliated, is, in some cases, undulated or uneven.
These dnﬂ‘erences, however, of the cross fracture are united by i imper-
ceptible shades.

stavactite.  These stalactites, particularly when small, are most
frequently conical or cylindrical. But when larger, they become irreg-
ular, their surface being tuberous, undulated, &c. and sometimes even
branches appear. Their external surface is commenly rough, often
ooated with minute crystals In some instances a well defined crystal
terminates the stalactite; in other instances a protuberance appears
near the extremity, forming a kind of cap, resembling a mushroom, &c.
When these cenical stalactites are short and large, they unite and
appear reniform.

Their structure, sometimes foliated, is commonly ﬁbrous, with di-
verging or radiated fibres, having a pearly or silken lustre ; sometimes
the texture appears compact and the fracture splintery. They are
usually more or less translucent; their most common color is white,
either pure, or tinged with gray, yellow, or brown ; and they eccasion-
ally exhibit shades of green, red, blue, &c, arising from the presence
of metallic matter.

(Mode of formation.) Stalactites are evidently formed by the
filtration of water, containing calcareous particles, through pores or
fissures in the roofs of those caverns, which are frequent in limestone.
The water, having percolated through the roof, there remains suspend-
ed in drops. Evaporation commences at the exterior of the drop, and
the calcareous particles are deposited on the roof of the cavern in the
form of a little ring, which extends by degrees, till a small tube is pro-
duced. The bore of this tube is, in most cases, gradually diminished
by successive deposites, till it becomes entirely closed, and the stalac-
tite then increases by concentric layers, applied te the exterior. Thus
cylinders or cones more or less regular are produced, and sometimes
% enlarged, that they unite with each other.

Tubular stalactites. Sometimes the initial tube just described does
net become obstructed, but passes longitudinally through the axis of the -
stalactite. Such stalactites sometimes have a uniform thickness, like
2 quill. Their atructure is distinctly foliated ; sometimes the laminse

.-
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extend through the diameter of the cylinder, but still presgut the cavi-
ty of the tube in the place of the axis.

STALAGMITE. ALABASTER.* While the stalactite is forming, a part
of the water drops from the unfinished stalactite on the floor of the
cavern, or trickles down the sides, and thus produces those calcareous
concretjons, called stalagmites ; and, when large, they bear the name
of alabaster. These concretions, when attached to the sides of the
cavern, are merely plates or thin crusts. Bat, on the floor of the cav-
ern, they often form large masses, sometimes rising, till they meet the
stalactites, pendent from the roof, and extending in all directions, till
the whole cavern is nearly or quite filled.

These deposites are essentially composed of parallel layers, almost
always undulated, and conformable to the surface of the soil, on which
they rest. Sometimes large protuberances are formed, and indeed a
great variety of imitative forms are produced even by the spray or
scattered drops from the surface of the growing stalagmite. Hence,
with the assistance of a lively imagination, the observer may perceive in
these caverns almost any object, which he pleases ; hence the glowing
and luxuriant descriptions of travellers, who have entered them, espe-
cially with the light of a candle. :

These concretions may have a foliated, fibrous, or granular struc-
ture; and their parallel layers may, in general, be distinguished by a

- difference of density, or translucency, or color. Their color, seldom a
pure white, more frequently presents shades of yellow, red, or brown,
arranged in undulating or concentric stripes, or in spots.

( Geological situation.) We hardly need remark, that calcareous
sinter. is found only in fissures, or in caverns, often very large, which
so frequently exist in calcareous rocks. Certain springs, however,
whose waters contain carbonate of lime, often form deposites, which
may be referred to this variety.

( Localities.) Among the more remarkable foreign localities of cal-
careous sinter are the grotto of Antiparos in the Archipelago, Bauman’s
cave in the Harz, Pool’s Hole in Derbyshire, the caves of La Balme in
Savoy, and of " Auxelle in Franche-Comté.—Fine specimens of Alabas-
ter are found in Spain, near Grenada, &c~in Italy ;~Sicily ;—~and
Sardinin.—The most beautiful alabaster, employed by the ancients,
is supposed to have been found in Egypt in mountains, west from the
Red Sea.

In the United States are many caverns, containing calcareous sinter.
In drkansis Territory, on Findley’s Fork, is a cavern containing
large stalactites; and also alabaster in masses sufficiently large and

® Chaux ecarbonatée concretionnfe Albatre, Bromgmigrf. Chaux ehxbomatée esmerctiomnte
sratifbrmg, Houy.



TUTA. 175

compact to be employed in the arts. (Scroorcrarr.)—In Missouri, on
Cave Creek, emptying into Current’s river, are caverns, containing
stalactites, pendent from the roof, and sometimes reaching the floor. -
(Bcmoozcrarr. )—In Virginia, are Madison’s cave, on the north side
of the Blue Ridge; and Wier’s cave, in Rockingham County—Wier’s
cave is about 13 mile in extent, from 3 to 40 feet high, from 2 to 30
feet wide, and divided into various apartments ; this cavern, which is
in blue limestone, exhibits both stalactites and stalagmites of great size
and beauty ; some of the stalactites are delicately white. (Karv.)—In
Maryland, Washington County, in Hughes’ cave—In New Fork, at
Bethlehem, calcareous stalagmite is found in parallel layers on the bot-
tom of a cavern. ((Bzcx & Earon.)—Also at Rhinebeck, fine speci-
mens of stalactite and stalagmite occur in caverns. (Scn4EFFER.)

(" Uses and Remarks.) When any of these concretions, but more
particularly the stalagmite, becomes large and is susceptible of a good
polish, it is employed in the arts under the name of alabaster or calca-
recus alabaster. And, although this alabaster and marble are composed
of the same ingredients, it is not, in general, difficult te recognise the
former by its parallel layers, and the arrangement of its colors, a.lready
mentioned.

A very singular mode of manufactnrmg calcareous alabaster has
been invented by Dr. Vegni, and employed at the hot baths of St. Philip
in Tuscany. This water, impregnated with carbonate of lime, is made
to fall, in very minute drops, into hollow moulds, representing various
works in bas relief.- After a few months, a very beautiful, white depos-
ite is produced, sufficiently hard, and faithfully exhibiting the bas
relief.

A sarcophagus of alabaster, more than 9 feet in length, and nearly
4 feet in width, has recently been discovered in an ancient tomb at
Thebes, in Egypt, by Belzoni. Its sides are about 2} inches thick,

- translucent, and ornamented with carved figures.

The terms stalactite and stalagmite are derived from the Greek
rrurale, to drop.

4, oarcareous Tura?* This substance is deposited from water un- -
der circamstances very unfavorable to crystallization; often indeed
from water in rapid motion. It is, in fact, chiefly an earthy precipitate,
and is sometimes almost destitute of solidity. It is seldom compact,
but usually in porous, cellular, or spongy masses, whose surface is often
andulated. Its fracture is dull, earthy, or uneven, and seldom gives
indications of a foliated or fibrous structure. It is nearly or quite
opaque, 4nd usually gray, often with a shade of yellow.—It has a low

® Kalk wfl. Werner, Cale tafle Jemepon Chaux carbopatée concretionnée tufe Brengaicrts
Tl dikin. PPt
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but variable specific gravity, and its hardness and solidity are muck
increased by exposure to the air.

Tufa is impure, and often contains sand, leaves, mosses, roots and
stems of ' vegetables, fluviatile shells, and even the horns and bones of
animals. It sometimes resembles indurated mortar, or is in branches, &c.

{ Geological situation.) Calcareous tufa, though sometimes in large
mhsses, is found in alluvial earths, and never at a great depth below the
surface. It is sometimes deposited from rain water, which has washed
calcareous substances ; and is often found near springs, whose waters
contain carbonate of lime,

A tufa of a fine grain, porous or nearly compact, is sometimes found
immediately under the soil, or under beds of clay or marl, in vallies,
surrounded by calcareous nountains, whence it has originated. It of-
ten contains fluviatile shells, and sometimes marine shells, brought from
the mountains, A lake near Solfaterra, in Italy, annually deposites
tufa, several inches in thickness.

( Uses.) 1t is sometimes “sufficiently hard to be employed as a
building stone. The city of Pasti in Italy is said to be built with a
tufa. The travertino of the Italians, of which the churches and other
monuments of Rome are constructed, is by some supposed to be tufa,
while by others it is referred to compact limestone.

caLcAREOUS INCRUSTATIONS.* These are a kind of tufa. They are
found investing the exterior of other bodies, and thence derive their
form. Among the substances, thus incrusted, are other minerals, organ-
ic bodies, particularly those belonging to the vegetable kingdom, and
the interior of tubes or cavities. Hence the interior of certain aque-
ducts becomes gradually incrusted, and eventually filled by calcareous
deposites from the water, which passes through them ; of which there
is a striking example in the waters of Arcueil, near Paris.—Hence in
the formation of calcareous geodes, the cavity is generally incrusted
before the production of those crystals, which often render their inte-
rior extremely beautiful.—In JMNew Fork, at Niagara Falls, calcareous
incrustations appear on moss. ("Moxrrox.)

Vegetables even of the most delicate texture, when immersed in
waters, containing carbonate of lime, become incrusted, but still pre-
serve their form perfectly distinct in every branch. Hence the origin
of the vsteocolla, to which has been attributed the property of facilitat-
ing the union of a fractured bome. It is in fact the incrusted stem of
a vegetable, and somewhat resembles the bone of an animal ; for the
stem itself becomes decayed, leaving a cavity or blackish line.—The
same name, according to Jameson, is sometimes given to an aggregate
-of bones and calcareous tufa.

¢ Chaux carbonatée coneretionnée incrustante. Hauy. Bromgniare.
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Carbonate of lime is sometimes pseudomorphous, having been mould-
ed in the cavity of a shell, or some other substance. Of this the ammo-
nite (comu Amimonis) is an example.

Suvaspecies 9. ARGENTINE. KIrRwan.

MMWMKM Slite Spar. Jo Chaux earbonatée nacrée. Hauy. Chaux
gentine. Brongniart. Le Spath schisteux, Brochant, Schiefer Spar. dikin,
Phillips.

This mineral has a laminated or rather slaty structure. Its lamine
or layers, usually curved or undulated, are seldom perfectly parallel ;
but their surface has almost always a pearly lustre, somewhat shining.
It also occurs in thin plates yariously intersecting each other. Ac-
cording to Bournon, the laminse are composed of minute rhombs,
whose summits are so deeply truncated perpendicularly to the axis,
that only a very thin portion of the rhomb remains. Indeed this
mineral sometimes presents the primitive rhomb. It is trapslucent,
at least at the edges; and its color is white, often shaded with
gray, green, yellow or red. It is easily broken ; and its specific
gravity is 2.64.

It is nearly a pure carbonate of lime, often containing a little oxide
of iron or manganese. (Bucuorz.) Hence, at a red heat, it oft/en
becomes reddish brown. It effervesces strongly in acids.

It is found in primitive rocks, and frequently in metallic veins or
beds, as in Saxony, Cornwall, and Norway.—It also occurs in primitive
limestone, as in Sutherland.

In the United States, in Connecticut, at Washington, it occurs in
primitive limestone. (Bra4ck.)

Var. 1. apanrite.* Jameson. This variety occurs in small masses,
sometimes solid, but more frequently tender, or even friable. It is
composed of lamellee or scales, which have a pearly lustre, more or
less shining, and often somewhat metallic. It is very soft to the touch;
opaque ; and its color is usually white, often with slight shades of yel-
low, red, or green. It'is suggested by Bournon, that its lamellee or
scales are deeply truncated rhombs, lying in various directions.

This variety is connected by insensible shades with the Argentine
first described. Hence, in some specimens, it becomes more solid, is
slightly translucent, when very thin, and exhibits a lamellar or slaty
structure, with lamellee often curved or undulated.

It is usually found in cavities or veins, or forming crusts, in
secondary limestone. It thus occurs in Misnia, Thuringia, and
Hessia,

Its name is derived from the Greek «@¢os, froth.

® Schaum erde. #erner. Chaux carbonateé nacrée talqueuse, Brongniart. L'ecume de terre.
Brochant. Jilvery chalk, Kirwan, Aphrit, Hauemann, 7
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BusspEcIEs 10. MacNesiax CarBoNATE or Linve.
Chaux earhonatée mgnésifive. Houy, Chaux carbonatéo lente, Brengniart,

This mineral, while dissolving in nitric acid, produces, in most cases,
a very moderate effervescence; sometimes indeed scarcely visible, un-
less the mineral be reduced to powder. And by this peculiarity, in
connexion with some of its physical characters, it may generally be
distinguished from the other subspecies of carbonate of lime. Some
varieties, however, effervesce rapidly in nitric acid ; and, in this case,
unless some of the physical characters be sufficiently decisive, recourse
must be had to some chemical experiment to ascertain the presence of
magnesia—It is harder, than calcareous spar; indeed its hardness is
sometimes equal to that of fluor spar, and some of its varieties give
sparks with steel, but probably from the presence of quartz.

It présents several varieties, differing more or less from each other
in external characters and composition.

This mineral is essentially composed of carbonate of lime and car-
bonate of magnesia, as will be stated under the different varieties. The

. proportions, however, are not uniform. ’

Var. 1. CRYSTALLIZED MAGNESIAN CARBONATE OF LiME.* Rhomb spar.
It occurs both massive, and in crystals, of which the most common form
is a rhomb, sometimes truncated, and sometimes with rounded edges.
The angles of the rhomb are 106° 15" and 73° 45". (WoLLasToN.)

It has a foliated structure, and is easily divisible into rhombs. Its
internal lustre is strongly shining, and more pearly than that of calca-
reous spar~Its specific gravity is about 2.8 ;—and it is very sensibly
harder than calcareous spar—~It is translucent, at least at the edges,
and its crystals are nearly semitransparent. Its usual colors are gray-
ish or yellowish white, pale yellow, or yellowish brown. A specimen
from the Tyrol yielded Klaproth carbonate of lime 52, carbonate of
magnesia 45, oxide of iron 3, In another from Galloway, Murray found
carbonate of lime 56.6, carbonate of magnesia 42.0 ;=98.6.

This variety appears to pass by imperceptible shades into Dolomite,
to which it has the same relation, as calcareous spar to granular
limestone.

( Geological situation and Localities.) It is found in chlorite slate,
steatite, serpentine, granular limestone, and magnesian limestone, some-
times associated with talc, asbestus, tremolite, &c. Itsometimes occurs
in metallic veins, and has been observed in gypsum.—It is found in the
Tyrol, Sweden, Scotland, &c.

In the United States. In Maryland, 21 miles from Baltimore, in
primitive limestone, (Harpew.)=In Pmsylvania, 18 miles from

* Rauten spath, Werner. Rbomb-par. J Chxax carbonatée lente Picrits. Brongiert.
Le Spath magnesien. Brochans. Bitver spathe Hauemann, Bitter spar. Philtips
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- Philadelphia.~In Connecticut, near New Haven, it occurs with asbes-:
tus, &c. in serpentine. (Srrzzman.)~In Massachusetts, at Williams-
town, on compact limestone; its crystals are sometimes rhombs, and
sometimes resemble the half of a rhomb, which has been divided in
the direction of the longer diagonal ;—also at Middlefield, where it is
laminated, white, and yellowish, in soapstone with green talc. (Dewzr.)
~—At Southampton lead mine, it ‘occurs in veins of galena, traversing
granite. (Earox.)

mieMiTE.* Jameson. 'This subvariety occurs both massive, and in

thombic crystals. Its structure is foliated, sometimes imperfectly, and
sometimes it appears radiated. Its laminee, usually curved, have a
strong pearly lustre. Its masses present distinct concretions, which -
are sometimes granular, and sometimes prismatic. Its color varies front .
asparagus or pale green to greenish white ; and it is trauslucent.

It contains carbonate of lime 53.0, carbonate of magnesia 42.5, car-
bonate of iren and manganese 3.0 ;=98.5. (K'LarroTH.)

It is imbedded in gypsum in Tuscany, at JMiemo ; hence its names
The prismatic variety occurs in cobalt veins in Gotha.

'@ porosaret Kirwan. Jameson. The structure of the Dolomite
is almost always granular. The grains, though a little variable in size,
are usually very fine; they differ also' very much in their cohesion, the
mass being sometimes solid, and sometimes very friable, even between
the fingers. The grains have a lamellar structure; and hence the
fracture has usually a glimmering lustre. In fact, its texture and gen-
eral appearance often much resemble those of granular limestone with
fine grains—~In large masses it sometimes exhibits a slaty structure ;
and in some instances the fracture is a little splintery.—It is translu.
cent at the edges; and its color is white, either very pure, op tinged
with gray, yellow, or blue~Its specific gravity is about 2.85.

It is often phosphorescent in the dark, both by friction and on &
heated shovel.—It is sometimes flexible, when sawn into thin slabs,
Flexibility, according to Bellvue, may be produced in most varieties of
Dolomite by erosing them for several hours to a considerable degree
of heat. (See flexible marble, p. 161.)

A specimen from St. Gothard yielded Klaproth carbonate of limg
520, carbonate of magnesia’ 46.5, oxides of iron and manganese
0.75 ;=99-25.

As its effervescence in nitric acid is usually feeble, this circum-
stance will, ia such cases, serve to distinguish it from certain granular
limestones.

* Variety of Chaux carbonatée magnésifere, Houy.
+ Doloenit, Wmmmmmmmm
Hexy. Chaux carbonmatée lente Dolomie. Brengniart. Dolomite: dikin, Phillips. Its namo ja de- .

rived from that of the eelebrated Dolomien.
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COLUMNAR DoLOMITE. JaMEsoN. It occurs in small masses, com-
posed of prismatic distinct concretions.—In Russia, it is imbedded in
serpentine, and is sometimes intermixed with fibres of asbestus. 1t
resembles one variety of tremolite.

( Geological situation and Localities.) The Dolomite is often found
in primitive or transition mountains, forming large niasses, beds, or veins.
Hence its beds sometimes alternate with those of mica slate, or associate
with granular limestone, or are in contact with fetid limestone.~~Near
Varalla, in Italy, it exists in a vein, traversing granite.—It sométimes
constitutes whole mountains.—Dolomite sometimes contains talc, tre-
molite, quartz, and mica, the last of which often gives it a slaty struc-
ture. It also embraces magnetic oxide of iron, and the sulphurets of
4ron, lead, zinc, arsenic, &c. It sometimes forms an aggregate with
quartz.

In the United States. In MNew Fork, near the city, it occurs large
grained, and sometimes with indications of a foliated structure. Itis
not phosphorescent ; and contains tremolite. (Bruce.)—In Connecticut,
at Washington, Litchfield County, in very beautiful, white masses, fine
grained, and resembling loaf sugar; it is so friable, that it crumbles
between the fingers, and may be ground in a common flour mill ; it
contains tremolite. This Dolomite effervesces rapidly with nitric acid ;
and is employed in the manufacture of mineral waters, one quart of its
powder yielding a barrel of carbonic acid gas by heat, and two thirds
of abarrel by sulphuric acid—also at Milford Hills, near New Haven,
mixed with quartz and tremolite. (SrLrzaman,)—At Litchfield, it also
contains tremolite. (Brack.)—In Massachusetts, at Great Barrington,
" Dolomite, containing bladed crystals of tremolite, occurs at the foot of
a hill of mica slate. At Sheffield, it contaips tremolite in parallel, di-
verging, and stellatcd fibres; some of its masses exhibit fibres two
feet long. It is also found at Stockbridge, Pittsfield, Williamstown, and
Adams, and extends with the Hoosack to the north part of Berkshire
County. Indeed this Dolomite appears to extend from N. to 8. through
the whole of the western part of Massachusetts, in the vicinity of the
Hoosack and Housatonic, and is probably connected with that at Wash-
ington} &c. in Connecticut. (DswEzr.)—Also at Middlefield.

3. MAGNESIAN LIMESTONE.* TsnNanr. This variety occurs in ex-
tensive, amorphous masses. Its fracture is in part granularly and mi-

nutely foliated, and in part splintery or conchoidal, with a glimmering °

or glistening lustre.—It is translucent at the edges ; and its usual col-
ors are yellowish gray or yellowish brown.

In a specimen from Sunderland, Thomson found carbonate of lime
51.5, carbonate of magnesia 44.8, insoluble matter 1.65=979. It

¢ Brown Dolomite. Jameson. Magaesian Limestone, Likin, Phillips.
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effervesces slowly in acids.—In a specimen of primitive limestone,
Hisinger found lime $4.8, magnesia 15.6, carbonic acid and water 45.8,
oxides of iron and manganese 2.3;=98. Many of the primitive
limestones of Pennsylvania contain about 14 per cent. of magnesia.
(CoorER.)

A flexible magnesian limestone from near Sunderland, in England,
yielded Thomson carbonate of lime 62.0, carbonate of magnesia 35.9,
insoluble matter 1.6;=99.5. This variety, according to Jameson, dis-
solves in acids as readily, as pure carbonate of lime. It is opaque, has -
a dull, earthy fracture, and in large masses exhibits a slaty structure.
Ita flexibility diminishes by the loss of the water, it contains, But, ac-
cording to Mr. Nicol, when the water has entirely escaped, its flexi-
bility returns. (See Flexible marble.)

curBorite. J4aameson. This mineral is snow white, and has a
dull, slightly conchoidal or even fracture. Its specific- gravity iy 2.76.
—1It contains carbonate of lime 70.5, carbonate of magnesia 29.5.
(KLaProrn.)—It forms a vein in serpentine in Lower Austria, near
Gurhof ; hence its name.~It somewhat resembles semiopal. .

( Geological situation and Localities.) Magnesian limestone forms
extensive beds in England; and from Nottingham to Sunderland, it
lies over the coal formation. At Matlock, in Derbyshire, it contgins
shells, and is incumbent on horizontal strata of shell limestone, or oc-
curs in veins with ga.lena.-—Near Bristol, England, its beds are some-
times contained in compact limestone~~In the Isle of Man, it occurs
in limestone, which rests on graywack®.~—~Magnesian limestone is also
connected with primitive rocks.

In the United States. In Pennsylvania, Chester County, it is con-
nected with primitive stratay and sometimes contains hornblende.
( Coorer.}—In New Jersey, at Hoboken, it forms veins from one line
to one foot in width, traversing serpentine. 1t is very white, and,
though sometimes granular, its texture is, in general, very compact,
cansing the mineral to resemble opaque quartz. It is unusually hard,
often gives sparks with steel, and, when scraped with a knife, yields a
reddish phosphorescence. It effervesces very slowly, even when in
powder, but is almost entlrely soluble in acids. (P1erce & Torrer.)

(Uses.) The lime, which it yields by calcination, forms a valuable
cement. It is also employed in agriculture, but with different results,
depending on the nature of the soil, or the quantity used. When ap-
plied in large quantities, it has been usually found injurious to vegeta-
tion. Hence probably the unfavorable opinions, expressed by many,
in regard to the use of magnesian lime. It is sometimes called hot
lime~—In Penmsylvania, according to Professor Cooper, it is employed
with advantage in agriculture, but in less quantity than common lime.

24
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Its effect on the soil is found to be more powerful than that of cem>
mon lime. From 20 to 30 bushels are applied to an acre of com
or oat land. )

Susspecres 11. Broww Sear. Jameson.

Braun Spath, Werner. Hausmann. Chaux carbonatée brunisante. Brengniart. Chaux carbonatée
ferro-manganésifere, Havy. Sidero caleite. Kirwan. Le Spath brunissante. Brechant. Pearl
Spar. Phillips.

This substance is best distinguished by its chemical characters.
Its structure is usually foliated ; and the laming, often curved, have a
pearly lustre more or less shining, or sometimes resinous, or almost
metallic. The exterior also presents the same pearly appearance, un-
less prevented by partial decomposition.

Its crystals resemble those of calcareous spar; but their planes are
often curved, or their form is lenticular, or their thin edges are some-
times bent up, like those of a hat. Sometimes very minute rhombic
crystals are so intimately grouped, that the mineral presents a sealy
appearance.

It occurs also in laminated masses, sometimes globular, reniform, or
cellular. It has also been observed with a fibrous texture. The glob-
. ular masses are sometimes composed of fibres.—Sometimes also its
masses are composed of columnar or prismatic concretions.

It is harder than calcareous spar, and sometimes as hard as rhomb
spar. Its specific gravity varies from 2.83 t0'3.00. (Booanon.) It is
more or less translucent, at least at the edges, and the crystals are
sometimes semitransparent. Its color is white or gray, either pure, or
tinged with yellow or red ; it also presents several shades of red and
yellow, and is sometimes brownish, &c. The lighter colored varieties
best exhibit the pearly lustre ; but in proportion as the iron and man-
ganese increase, its colors appear, and its pearly lustre diminishes.——It
sometimes moves the needle, when examined by double magnetism.

(Chemical characters.) Before the blowpipe it becomes yellowish,
or dark drown ; and hence its name. Even exposure to the air dar-
kens its colors, in consequence of the combination of exygen with its
metallic ingredients. It undergoes the same changes of color in nitric
acid, in which it dissolves, though in most cases with but little effer-
vescence, and produces a yellowish solution—When heated by the
blowpipe, it often becomes magnetic. A specimen, analyzed by Hisin-
ger, yielded lime 27.97, magnesia 21.14, carbonic acid 44.6, oxide of
iron 8.4, oxide of manganese 1.50;==98.61. In anmother, Klaproth
found carbonate of lime 51.5, carbonate of magnesia 32.0, carbanate of
Jiron 7.5, carbonate of manganese 2.0, water 5.0 ;== 98.

This, like the preceding subspecies, is a magnesian carbonate of
lime; but it contains variable proportions of the oxides of iron apd
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manganese, extending from 4 to 15 per cent. or more. By an increase of
its metallic ingredients it obviously approaches sparry iron ore, from
which it is often difficult to distinguish seme specimens of Brown spar.

( Geological situation and Localities.) Browm Spar most frequently
occurs in metallic veins, accompanied by quartz, the carbonate and
fluate of lime, the sulphurets of lead, zinc, iron, carbonate of iron, &c.

Sometimes it appears in groups of little crystals, investing the surface

of calcareous spar, and other substances.

It is abundant in the mines of England, especially in those of lead.

In the United States, in Peénnsylvania, on Conestago Creek, 9 miles
from Lancaster, with adularia. (Conrap.)—In New Fork, at Leices-
ter, on Genesee river, in dark brown, translucent, lenticular crystals,
sometimes so grouped as to present a scaly aspect. (Dewzr.)—Also at
Clinton, near Hamilton College. (P1ezce & Torzrr.)—Also in a
cavern at Bethlehem. (Beck & E aron.)—In Massachusetts, at Leve-
rett, in a vein of galena. (Hrrcacocx.)—Also at Charlestown, either
amorphous, er in rhombic and lenticular crystals, in veins and fissures
traversing argillite. (S. L. & J. F. Dana.)

Svsspecies 12. Sirioeous CARBONATE oF LiME.

Chaux earbonatée quartzifere. Hauy. Brongniart. Sometimes called crystallized sandstone
of Fontasinbleaun,

This mineral, at first view, so much resembles a sandstone, that it
lias sometimes been called by that name. But its chemical characters
and crystalline form establish its claim, as a subspecies of carbonate of
lime. It is crystallized in rhombs, or presents itself in mammillary
concretions, or in amorphous masses. Although its structure appears
granular, its fracture presents shining spots by the light, reflected frem
its crystallized lamine. It is sometimes sufficiently solid to give fire
with steel, and is sometimes friable.. It is opaque, and grayish white ;
its specific gravity is 2.6.

In nitric acid, its calcareous part, about one third of the whole, ’

dissolves with effervescence. It sometimes contains 44 per cent. of
carbonate of lime.

( Geological situation and Localities.) Its crystals are found, either
solitary or in groups, in certain cavities, existing in beds of calcarecus
sandstone. When these cavities, usually filled with sand, are in part
empty, it is sometimes the case, that one half of the crystal, in the state
of a pure carbonate of lime, projects into the cavity, while the other half
. of the same crystal is siliceous.—These crystals seem to be formed by
the filtration of water, containing carbonate of lime, into the aforemen-
tioned cavities. But the particles of sand are merely enveloped by the
carbonate of lime, and do not prevent it from assuming one of its

proper forms.
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Svagrrcies 15. Barvumivous Campovate or Linx.
stone. Phillips. Variety of Anthrakonit. Haurmens.

This substance is well characterized by the buumtmms odor, which
it exhales, when rubbed or heated. This odor is more offensive, than
that of common bitumen, arising perhaps from a mixture of sulphuretted
hydrogen, or some animal matter. Its color, which is black, grayish
black, or brown, arises from the bitumen. It is sometimes compact
with an earthy, uneven, or conchoidal fracture, nearly dull, and some-
times its structure is foliated. Its streak is dark gray. By friction
it acquires negative electricity. By the application of heat it loses
both its calor and odor.

This limestone occurs among secondary rocks, and sometimes in
the vicinity of coal.

(Localities.) This mineral is found in'Ireland, Scotland, England, and
France. In Palmatia it is so bituminous, that it may be cut like soap.

In the United States. In Connecticut, near Middletown, it is black,
and traversed by veins of white calcareous spar, and satin spar, and
presents distinct impressions of fish ; when once ignited, it continues
to burn with a bright flame. (SzLriman.) 1t also occurs in a few other
places in the United States.

( Uses.) It is sometimes polished as a marble; indeed it forms most
of the black marbles. In Ireland it is sometimes employed, as a com-
bustible. It burns to lime with less fuel, than common limestone.~—The
name, Lucullite, given this mineral by Jameson and others, is'derived
from that of Lucullus, a Roman consul.

8Svaspecizs 16. Ferrucinous CarBoNATE or Liue.
Chacx:carbonatée ferrifere. Havy.

Its color is dark or blackish gray; but is unequally diffused, the
centre of a crystal being often darker than its summits, which are some-
times semitransparent. Its lustre is considerable, but seldom pearly.
It strongly scratehes limpid carbonate of lime, and its specific gravity
is 2.81. Its orystals easily yield the same primitive form, as the pure
carbonate ; and oune of its secondary forms is an acute rhowmb wnﬂx
truncated summits.

It does not blacken by the action of fire, and is fusible by the blow-
pipe into a black glass, attracted by the magnet. When reduced to
powder, it slowly dissolves in nitric acid with a slight effervescence.
(Haur.)

a According to Vauquelin, it conmns much oxide of iron, and a little
ex.

In the environs of Salzburg, it is found in sulphate of lime~In the
Unwited Sates ; in Mew Jorsey, it ocours at Sparta. (P1szcx & Torzzr.)



GALP: MARL. . 187

Professor Clarke has given the name Holwite to an wncommon
variety of carbonate of lime, analyzed by Mr. Holme. Its specific
gravity is 8.59. It contains carbonate of lime 48.0, oxide of iron 28.8,
alumine 6.6, silex 6.6, water 100.

Svpsprecies 17. Care. KIRwan,

Chaux carbomatéx Calp. Brengwiart. Argillo-ferruginous limestone. Philfps. Liss limestane of smsé,

' This mineral, in regard to composition, is intermediate between com-
pact limestone and marl. It occurs in compact masses, intersected by
veins of white calcareous spar. Its fracture is very fine splintery, even or
a little conchoidal, and dull, excepting where lamine of calcareous spar
are intermixed. Itis opaque; and its usual colors are bluish black, grayish
blue, gray, or bluish gray ; but its streak is white. When moistened
by the breath, it exhales an argillaceous odor. It is tougher than the
common compact limestone.

It effervesces with acids; and, when calcined, becomes yellowish,
but does not, like common lime, fall into a powder, when slacked. Itis
even fusible. A specimen from near Dublin yielded carbonate of lime
68.0, silex 18.0, alumine 7.5, bitumen 3.0, iron 2.0 ;==98.5. (K'vox.)

It passes into compact limestone, and indurated mari.

( Geological situation and Localities.) Calp is very abundant i
the vicinity of Dublin, Ireland ; and at Crumlin its beds alternate with
those of shale. It is a common building stone at Dublin.

‘That, which is called Lias limestone, may be referred to this sub-
species.’ It occurs in beds, often thin, in which dark and light colored
varieties frequently alternate with each other. It contains ammenites
and other organic remains.—Near Bristol, England, it lies under Oolite,
and rests upon a red clay, which separates it from calcareous sandstone. .
—In the Isle of Sky, it alternates with micaceous shale and sandstone.
—At Lyme, in Dorsetshire, and at Weston near Bath, the blue Lias
limestoue contains the fossil remains of the Proteo-saurus. (Hoxe.)

( Uses.) 1t is sometimes employed as marble, of which the Cotham
marble, near Bristol, England, is an example.—Some varieties, when
calcined, furnish a cement, which hardens under water.—It is also
employed in Lithography. ‘

Svssprcigs 18. Marr. Kirwan. JaMEsoN.

Mesgel. Werner. H Marne. Brongniart. Argile ealearifere. Hauy. La Marne.
Brochant. Marl. Aikin. Phillips,

It has already been remarked, that compact limestone, by an in-
crease of argillaceous matter, passes into Marl ; and hence the same
specimens have by different mineralogists been referred both to marl
and compact limestone.*

© Some of the marlites of Kirwan belong to this intermediate class, while others may be referred
S0 commpact limestones
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Marl is essentially composed-of carbonate of lime and clay in va-
rious proportions. But some marls are more or less indarated, while
others are friable and earthy. In some the argillaceous ingredient is
comparatively small, while in others it abounds and furnishes the pre-
dominant characters. The calcareous and argillaceous marls unite by
imperceptible degrees, and the latter sometimes pass into clay. Marl
frequently contains sand, and some other foreign ingredients.

It must hence appear impossible to establish distinct varieties; and
accordingly some have divided marls into calcareous and argillaceous 3

others into indurated and earthy. For several reasons we adopt the

latter division, and shall mention the former under the chemical char-
acters and uses.

Var. 1. INDURATED MARL.* KirwaN. JamEsoN. The hardness of
this Marl is inconsiderable. In most cases it may be scratched by the
finger nail, and may always be easily cut by a knife. 1t has a dull
aspect, like chalk or clay, often with a few glinmering spots, arising
from sand or mica. Its fracture, usually earthy, may also be splintery,
or conchoidal. It is opaque; and its color is commonly gray, often
shaded with yellow, blue, brown, or black, &c. It also presents shades
of green, and is sometimes reddish or yellowish brown. Its specific
gravity usually lies between 2.3 and 2.7.

It occurs in masses either compact, or possessing a slaty
structure.

Compact marls are sometimes traversed by fissures, dividing them

into prismatic columns, resembling those of basalt; and, like those,
they are sometimes articulated. The sides of these fissures are some-
times rendered brown, or even dendritic, by the filtration of metallic
oxides. ‘
( Chemical characters.) It is a character of all solid marls to disin-
tegrate or crumble by exposure to the atmosphere, usually in the course
of one year, but sometimes a longer period is requisite. This diversity
of time depends on the nature of the marl, and its greater or less solid-
ity~~The same changes generally take place in a very short time, when
Marl is immersed in water, with which it forms a short paste. It how-
ever crumbles more easily, and forms a more tenacious paste, in
proportion as it becomes more argillaceous. It is always more or less
easily fusible.

All marls effervesce with acids, sometimes very briskly, and some-
times feebly, according to their solidity, and the proportion of carbonate
of lime, which may vary from 25 to 80 per cent.; indeed in the argil-
laceous marls it is often much less. A little mica, as well as sand, is

. often present.

* Veahmrteter mergel, #erner.  La Marne endurcie. Brechant.
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‘When the calcareous part of Marl is dissolved by an acid, the resi-
due is composed chiefly of clay; but clay is a compound of silex and
alumine in various proportions, and hence the nature of the marl will
also vary, according as the siliceous or aluminous ingredient of the clay
may preponderate.—Marls acquire but little hardness in the fire, unless
they are very argillaceous.

seprAriA. Ludus Helmontii. This name is given to nodules or

“spheroidal masses of calcareous marl, usually from one idch to eighteen
inches in diameter, whose interior presents numerous fissures or seams,
which divide the mass into irregular prisms; ‘These fissures are gener-
ally lined or filled by some crystallized substance, which is usually
calcareous spar, sometimes quartz or sulphate of barytes; thus dividing
the mass into distinct portions by partitions or septa ; and hence the
name Septaria. These veins or partitions are widest near the centre,
and generally terminate ata little distance from the surface. The mass
is both argillaceous and ferruginous in its composition ; and its color is
usually brownish, bluish, or yellowish.—As these fissures or ‘partitions
do not extend to the surface, the matter, wlnch fills them, has probably
been furnished by the ball itself.

Balls of Septaria usually occur in beds of marl, clay, or shale, either
promiscuously scattered, or arranged in the same horizontal plane.~In
England, they are found near Whitby, and . in the isle of Sheppey; in
the latter place they occur in blue clay.

Some varieties of Septaria belong to the argillaceous oxide of iron.

These Septaria, when calcined and reduced to powder, furnish the
valuable cement, called Roman or Parker’s cement, which possesses the
important property of becoming hard under water. A little pretosul-
phate of iron is sometimes added to the water, with which itis prepared.

Marly Geodes. These are cavities of various forms, whose interior
is often garnished with crystals of carbonate of lime. As the walls of
these cavities are usually more compact, than the surrounding marl,
the geode easily separates.

2. eaRTHY MARL*® Krrwan., Janeson. This variety differs from
the preceding by being more or less friable, or even loose; but they
gradually pass into each other. Like the indurated ‘mar], it may be
either calcareous or argillaceous; it sometimes greatly resembles clay,
but may be distinguished by its effervescence in acids. 'When moist,
its'colors are often much darker than those of the dry marl.

( Geologrical situation and Localities.) Marl, like clay, belongs both
to secondary and alluvial earths, where it occurs ifh masses, or in beds.
Hence it is found associated with compact limestone, chalk, gypsum,
or with sand or clay. It contains various organic remains, as shells,

® Mergel eide, Werner. La Marne terrewse, BrocAant,
]
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fish, bones of birds and of quadrupeds; and sometimes vegetables.
The organic remains are numerous and extremely interesting in the
marly strata, recently examined by Cuvier and Brongniart in the vicin-
ity of Paris.—Earthy marl sometimes lies immediately under the soil,
and may, at least in many cases, have resulted from the disintegration
of indurated marl—The Leutrite of Sartorius, founnd on the Leuira,
near Jena, appears to be an indurated, sandy marl, of a grayish or yel-
lowish color ; it becomes” phosphorescent by friction even with paper.
Marl is found more or less in most countries. In the United States.
In New Jersey, it is abundant, particularly in Mopmouth and Burling-
ton Counties. In the latter County it is sometimes greenish, contains
sulphate of iron, and shells, and in one instance the entire skeleton of &
shark has been found in this marl. (Woopsz1ncs.)—Indeed the marl
of New Jersey contains a great variety of fossil remains, belonging both
to marine and land animals. (Mircazrzr.) It sometimes lies immedi-

" ately under the vegetable mould—In New Fork, Orange County, where

it derives its calcareous ingredient from shells ;—also in Washington
County, where it is very white and friable, somewhat resembling the
whiting of commerce, and contains the planorbis and helix. (Piezacz
& Torrrr.)—At Bethlehem, Coeymans, &c. it contains from 40 to 85
per cent. of carbonate of lime, and embraces the voluta and helix- (Bzcx
& Earox.)—In Orange and Ulster Counties, it sometimes contains large
fogsil bones. (ArveLL & MiLLER.)—In Massachusetts, at Pittsfield, on
the border of a pond ; it contains numerous small shells, and after ex-
posure to the atmosphere becomes very white and friable. (W.dzzzx.)

(Uses.) The most general and important use of Marl is that of a
manure for the improvement of the soil. The fertility of any soil de-
pends in a great degree on suitable proportions of the earths, it contains;
and whether a calcareous or argillaceous marl will be more beneficial to
a given soil may be determined with much probability by the tenacity or
looseness, moisture or dryness of that soil. It is hence obvious, that, to
employ marls judiciously, the farmer should be in some degree ac-
quainted with the, chemical properties or constituent pasts of the marl
itself, and with the ingredients of the soil—He may, in general, deter-
mine the existence of marl by its falling into powder, wlien dried, after
exposure to moist air. To ascertain the proportion of its ingredients,
the calcareous part may be extracted from a given weight of the marl
by solution in acids, and the residue, being dried and weighed, will
give the quantity of clay sufficiently accurate—Some marls do not pro-

* duce their greatest effect, until several yeusafter they have been appli-

od to the soil.
In England, the several varieties of marl are known by the names -
of stone marl, slaty or flag marl; clay marl, shell marl, &c.
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Sussereizs 19. Brruumous Marurrs. Krzwaw,
Bitwmincser mergel sehiefer, Werner. Bituminoos marle ilste, Jenmeson. Le schiste nyrno--
bitamineux. Brochant,

This substance in its composition approaches nearer to marl, than to
argillaceous slate. Its masses have a slaty structure, with layers either
straight or curved ; its lustre is sometimes glimmering, and sometimes
glistening or even shining, especially on the curved layers. It is opaque,
and its colors are grayish or brownish black. Its specific gravity is
about 2.38. It yields easily to the knife, and its streak possesses con-
. siderable lustre.

It effervesces with acids, in most cases strongly. Before the blow-
pipe it burns with a small flame, yields a bituminous odor, and melts
into a black scoria. .

1t differs from bituminous shale by its effervescence with acids.

This mineral occurs in secondary mountains. It is sometimes
associated with compact limestone and red sandstone of the oldest for-
mation, and contains pyritous copper and other ores of copper so abun-
dantly, that it is worked as an ore of copper; hence somehmes called

. Copper slate.

This marlite frequently contains the impressions or remains of
fish and also of plants. Thege fish are 105t commonly in a contorted,
unnatural position, those of the same species being usually together, as
if collected in shoals ; both of which circumstances indicate, that they
perished by a sudden irruption or deposition of the mineral, which em-
braces them. Sometimes the scales only, and sometimes the whole fish
has been converted into an ore of copper. Most frequently, however,
the fish presents a coaly appearance ; and the bitumen of this min-
eral has undoubtedly arisen from the destmchon of these marine
animals.

Deposites of this substance are found in Italy near Verona, and in
Thuringia, &c. in Germany.

Srecies 2. ARRAGONITE. Havr. JauEsoN.

Arragon. Werner. L’Arragonite, Brochant. Arragon spar. Kirwen. Chmwm
Brengniart, L’Arragonite and Chaux earbonatée dure. Beurnon: Ampmt.nnumn. Arra-
wonige, sikin. PMllipe, -

Although this mineral is composed chiefly of lime and carbonic ;cnd,.
yet there is reason to believe, that other ingredients are essential to its
true composition. It differs from pure carbonate of lime in hardness,
specific gravity, crystalline structure, &c. (See remarks under the chem-
ical characters.)

The Arraganite is harder than calcareous spar, and scratches even
fluate of lime; and its specific gravity varies from 2.6 to 3.0—It ex-
hibits several varieties of stracture and form.—Sometimes it presents
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itself in simple crystals; but more frequently its erystslline forms arise
from an aggregation of simple. crystals, which are often so applied to
each other, as to produce a prismatic form~~One of its more common
forms is a ix-sided prism, of which two lateral edges contain an angle
of about 128° each, and the other four edges an angle of about 116°
each ; its sides are usually channelled or striated longitudinally, and
present a reentering angle, which renders them slightly concave ; and
the bases of this prism usually exhibit lines or projecting edges, which
converge towards the centre.~It also presents another six-sided prism,
of which all the lateral edges contain an angle of 116° ;~—both the pre-
ceding prisms appear to be an aggregate of smaller prismatic crystals—
The Arragonite also occurs in six-sided prisms, with diedral summits
in four-sided prisms with rhombic bases and diedral summits ;—and in
cuneiform octaedrons, sometimes truncated on the edges and summits,
and usually grouped.—Another of its forms is a double six-sided pyra-
mid, elongated, and often cuneiform, or with its summits etherwise
modified.—~The crystals are sometimes rounded or acicular.

The Arragonite has presented about fourteen modifications of its
* primitive form, which, according to Haﬁy, i8 a rectangular octaedron ;
bat, according to Bournon, who has described 49 forms, depending on
9 modifications of the primitive, the latter is a tetraedral prism with
rhombic bases—The -prismatic crystals present natural joints parallel
to their axes, and are divisible into rhombic prisms with angles of about
116° and 64°; whereas those prisms, which result from the division of
the cuneiform pyramids, have angles of 128° and 52°. (Bouvzwox.)—
The foliated structure of the Arragonite is sometimes imperfect ; and
its cross fracture is uneven or a little conchoidal, with a lustre more or
less shining and vitreous.

The massive varieties have usually a fibrous structure, and exhibit
various imitative forps, being sometimes coralloidal.—Sometimes also
its masses are composed of columnar distinct eoncrehons.—lt also oc-
curs in compact or finely granular masges.

Its colors are white or gray, often with a shade of green, yellow, or
blue, and sometimes it is green, violet, or reddish. Some prisms have
a tinge of violet in the middle, while the parts about the extremijties are
greenish or without color ; in this case the greenish gr colorless prism is
penetrated nearly at right angles by anuther prism, having a violet col-
or. It is translucent, and sometimes transparent as glass—It posses-
ses double refraction, when the light is made to pass through two faces,
inclined to each other.

( Ch¥mical characters.) In nitric acid it dissolves with effervescence.
‘When a small transparent fragment is presented to the flame of a candle,
it is immediately dispersed in minute white particles about the flame ;
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but, when the fragment is fibrous and not transparent, it only becomes
white and friable.—The analysis of no mineral has ever so much exer-
cised the talents, exhausted the resources, and disappointed the expee-
tations of the most distinguished chemists of Eurape, as that of the Ar-
ragonite. Vauquelin and Fourcroy obtained lime 58.5, carbonic acid
415; and the analysis of Biot and Thenard, conducted with much
ingenuity, scarcely differs from this, exeept in giving a little water.
With these both Chenevix and Klaproth agree in finding the Arragounite
to contain lime and carbonic acid in nearly the same proportions, as in
the common carbonate of lime.

If these results are correct, it is obvious, that the composition of this
mineral is at variance with its crystalline structure, which does not
yield arhomb by mechanical division; thus giving to the crystals of
carbonate of ime two primitive forms.

A gleam of light has recently appeared on this subject; but it is

still feeble, and appears to be decreasing. Kirwan in 1794 suggested
that the Arragonite might contain strontian; and recently Professor
Stromeyer, of Gottingen, has discovered in this mineral three or four
per cent. of the carbonate of strontian.—It was at first supposed, that
this small quantity of carbonate of strontian might impress its own
crystalline forms on the carbonate of lime, of which the Arragonite is
chiefly composed. But it appears from the observations of Haily, that
the erystalline forms df the Arragonite are not precisely the same, as
those of the carbonate of strontian. It also appears from various anal-
yseshy different chemists, that the quantity of carbonate of strontian
in the Arragonite is extremely variable, and in some specimens none
has been detected. It even varies in specimens, taken from the same
locality. Thus, in a specimen from Basténes, Stromeyer found about
4 per cent. of the carbonate of strontian, while, in another from the same
place, Laugier found only yzr5 part. In 12 specimens, analyzed by
Bucholz and Meissner, they found -carbonate of strontian in only seven.
~It is, however, remarked by Laugier, that the most transparent and
best crystallized specimens of Arragonite contain the greatest quantity
of carbonate of strontian ; and that, when mingled with sulphate of lime,
it contains little or none.

It may be remarked, in addition to the differences, already stated,
between the Arragonite and common carbonate of lime, that they differ
in their optical structure.

Var. 1. riBroUs ARRAGONITE.* It is in masses composed of fibres,
sometimes coarse, sometimes parallel, but usually diverging, and, in
some instances, terminating in crystals. These fibres are often collected
into fascicular or scopiform graups, or aggregated into reniform er glob-

: * Arragonite fibrews. Houy.
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ular masses, in Which they radiate from the centre to the circumference.
The mhss is sometimes very obviously composed of acicular crystals.

2. CORALLOIDAL AXRAGONITE* JanBson. Iteccurs in little cylin- -

ders, sometimes diverging from each other, and terminating in a point,
or a fork, and sometimes branched, like coral. _The surface, either
smooth, or garnished with little crystalline points, is often very white
with a silken lustre. Its texture is fibrous ; and the fibres are diver-
gent, and frequently inclined to the axis of the cylinder in an angie of
about 30°. This structure clearly indicates a different mode of forma-
tion from that of calcareous stalactites,

This variety is often found in cavities in veins of sparry iron, and
bas hence been called flos ferri.

( Geological situation and Localities.) The Arragoniteis associated
with various minerals. It was first observed in the province of Lrragon,
in Spain, and hence its name; itis there disseminated in ferruginous
clay with sulphate of lime~—In Salzburg, it is associated with fluate
and carbonate of lime, sulphate of barytes, pyritous copper, &c—At
Marienberg, in Saxony, it occurs in liméstone, and is often greenish.—
At Vertaison, in France, and near Glasgow, in Scotland, it is found in
the fissures or cavities of basalt——It is found also in Tyrol; and at
Basténes, in the lower Pyrenees.

The corallcidal variety is found in the iron mines of Euenprlz, in
Stiria, and in those of Carinthia ;—also at St. Marie aux Mmet, &co—
In England, fine specimens, with a satin lustre, are found at the Dufton
Lead mines, in Westmoreland ;=—also at the Quantock Hills, in Somer-
setshire, in a cavern in Graywacké.—In the island of St. Michael it is
sometimes in acicular crystals in trap porphyry. (Wzasrza.)

In the United States. In Virginia, Rockingham County, at Wier’s
cave, &c. ((Ka1v.)—In New Jersey, Morris County, at the Suckasun-
ny mine. (Gisss.)

Srrciss 3. PHOSPHATE OF LIME.

Mmmmm mnm Apm.mmdun. Rhombai-
patite. K P

This species, though perfectly well charactenzed, embraces several

varieties, some of which exhibit physical characters, not common to the

whole species. When crystallized, which is most frequently the case,
its forms are prismatic, and present either a six-sided prism, or some
modification of that form. Its structure is nmperfectly foliated ; and it
yields with some difficulty to mechanical division in directions paral-

lel to the sides and bases of a regular hexaedral prism, which is its
primitive form; the height of this prism is to one side of its base, nearly
as 7 to 10, Elghtsecondaryfomshavebeendescﬁbed by Haily. Its

® Arragenite eoralloide. Howy.
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integrant particles are equilatergl, triangular prisms.~It is but little
harder than fluor spar, and does not give fire with steel. Its specific
gravity usually lies between 3.02 and 3.31. Moest of its vanetles phos-
pheresce, when their powder is thrown on hot coals.

( Chemical characters.) In the nitric and muriatic acids it dissolvea
slewly, and without effervescence, or barely with the extrication of a
few bubbles. Sometimes, however, foreign ingredients cause the earthy
variaty to effervesce a little. Before the blowpipe it is infusible.

The first variety (Apatite) yielded Klaproth lime 55, phosphoerie
acid 45. In the second variety (Aspangus stone) Vauquelin found
lime 54.28, phosphoric acid 45.72

( Distinctive characters.) Its solubility in acids and inferior hard-
ness may sérve to distinguish it from the chrysoberyl, tourmaline,
topaz, chrysolite, beryl, emerald, and some varieties of quartz, all of
which it sometimes more or less resembles, especially the emerald,
beryl, and chrysolite—~From carbonate of lime it differs by its greater
hardness and want of effervescence in acids ;~and it does not, like the
fluate of lime, when its powder is thrown into warm sulphuric acid,
yield a gas, capable of corroding glass, unless from the accidental
presence of a small quantity of that salt.

Var. 1. aratrre.* This variety, usually in crystals, sometimes
presents a low six-sided prism, the primitive form~~The lateral
and terminal edges, and even the solid angles of this prism are
subject to-truncation—~In some instances, the truncations on the ter-
minal edges are very deep.—Sometimes all the edges are truncated (Pl
111, fig. 7.); and the lateral faces, produced by truncation, are often
lougitudinally striated. The prisms are generally short, and some-
times even tabular. )

Hs structure, parallel to the bases of the prism, is, in general, more
distinctly foliated, than in the directions of the sides. Its lustre is
moderately shining, and somewhat resinous. Its fracture is uneven, or
imperfectly ‘tonchoidal. It is translucent, sometimes almost opaque,
and sometimes nearly or quite transparent and limpid. This mineral
exhibits a great variety of colors, belonging to white, green, blue, yel-
low, red, violet, or brown, variously shaded and intermixed. On burn-
ing coals its powder phosphoresces.

The same gangue, which contains the crystals, often embraces
grains or small granulor masses, having a crystalline structure, but
nearly or quite destitute of a regular form.

(Localities.) The Apatite occurs in veins, or is disseminated in
granite, gneiss, or other primitive rocks. It is associated with quartz,
feldspar, fluate of lime, garnets, the oxides of iron, tin, &c.

2 Aputit. Werner. Chaux.phosphatée Apatite. Brongniers. Folinted Apatite. Jameeon.
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and from -§ to 1§ inch in diameter, are pale or deep green prisms,

deeply and longitudinelly striated, sometimes alinest opaque, and
sometimes nearly transparent; they do not phosphoresce ;—also near
Lake Champlain, in migute, reddish brown crystals with oxide of iron.
(Pizrce & Torrrr.)—In fine, Phosphate of lime, under some of its
varieties, is found in most of the mines of magnetic iren in New York ;
it is offen in yellowish white or reddish grains. (G1s3s.)

8. FIBROUS PHOSPHATE oF LINE. This variety, etill rare, is some-
times in masses, composed of delicate fibres, collected into groups, and
radiating from a centre. It is phosphorescent.

In Saxony it is found rose red.

4. uassive pHOSPHATE or Liue* This variety has usually a dall,
earthy aspect. It occurs in masses more or less solid, which are some-
times mammillary or stalactical. Its structure is lamellar with curved
or diverging lamelle, and is sometimes granular; its fracture is uneven
or earthy.—The lamellee sometimes present a little lustre, and are
often floriform. It is nearly or quite opaque ; and its color is usnally
grayish, reddish, or yellowish white, often diversified by spots or zones
of a yellow or brownich tinge. Its powder phosphoresces on burning
coals with a very beautiful, greenish yellow light. It is phesphorescent
even by friction in the dark.

According to Pelletier, it contains lime 59, phosphoric acid 84 ; the
‘remainder being small quantities of the fluoric, carbonic, and muriatic
acids, with a little silex and oxide of* iron. These foreign ingredients
may sometimes render it fusible, or cause it to produce s slight effer-
vescence in acids,

It is found abundantly in Estremadura, Spain, where nt is deposited
in beds, which alternate with limestone and quartz, It sometimes con-
tains crystallized apatite.

5. PULVERULENT PROSPHATE OF LIME.} It occurs in the stats of an
earth, whose particles are loose, or slightly cohering. Its color is grayish
or greenish white. On hot iron, it phosphoresces with a yellowish light.

A specimen, examined by Klaproth, yielded lime 47.0, phosphoric
acid 82.2, the remainder being fluoric acid, silex, oxide.of iron, water, &c.

It is found in a vein in the district of Marmarosch in Hungary.

Susspicigs 1. “SiLioceous PaospHATE oF LiME.
Chaux phosphatée silicifere. Nauy. Brengniart.

This differs from the preceding varieties by giving fire with steel.
It eccurs in porous masses, whose fracture is earthy, granular, or a little
foliated. Its color is gray, shaded with violet. On hot iron it phospho-
resaces strongly.

It is found in the tin mines of Schlackenwald in Bohemia.
. ¥ Chaux phospbatée terreuse. Hewy. Brengniert. Phosphorit. Werner. Phosphovite. Jemeson.

+ Earthy Phospharite. Jameson,

.
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Sreerss 4. FLUATE OF LIME.

s Bante. Buay. Broagniort, ¥ias. Werner. Houwsmann, Floor Kirean. Athin, PAiltige.
Lo Flaer. Brechens. Octahedral Fluor. Jameson.

The mere common vasiety of this mineral may be easily recognised
by the striking beaunty of its celers, and the forny and perfection of its
orystals. But the most distingnishing characters of this earthy salt are
found ameng its chemical properties.

Although sowmetimes amorphous, it is most commonly crystallized ;
aad the prinitive formr of its crystals appears to be a regular octaedron,
which may easily be ocbtained by mechanical division. (Introd. 42.) It
presents 2 great number of secondary ferms. Its integrant particles
are peobably reguder tctraedrons. Unlike most of the other calcareous.
salds, it has seldom o# never occusred under any imitative form.

hmquwbymhntnharderthncryahlhmd carbon-
ate of lime. s specific gravity varies frem 3.09 to 3.20. When
reduced to powder, and placed on hot coals, it almost invariably phos-
phoresces with a very beautiful light, commonly of a greenish or violet
color. (nérod. 174.) It alse shines in the dark by the friction of two
pieces against each other.

(Chiemicmd choracters.) If sulphuric acid be poured on this minerad
in a state of powder, and slightly heated, white fumes appear, having &
pangent smel; and possessing the peculiar property of corroding glass.
These fumes are fluoric acid, and, in connexion with the physical charac-
tass, will almost always enable us easily to determine the presence of
Plaate of lime. Itis insaluble in water. Before the blowpipe it wesually

decrepitates, and melts into a whitish, transparent glass.

According to- Klapreth, it is composed of lime 67.75, flaoric acid
3425 An analysis by Berzelius gives lime 72.14, fluoric acid 27.86.

From the earbonate and sulphate of lime it is easily distinguislied by
is greater hardness, and its chemical characters.

Var. 1. rLuvor spar.* (Foliated Fluate of lime.) This variety,
though soinetimes masaive, is almost always regularly crystallized. Its
arystale most frequently present the form of a cube; often perfect, and
sometinms truncated on all itsa edges by planes, which form with the
sides of the cube an angle of 135°~—Sometimes a bevelment is applied
to the edges of the cube.—~Sometimes all the solid .angles of the cube
(@L II1, fig. 8.) are truncated; if the triangular planes a, a, produced
by truncation, do not touch each other, the faces b, b are octagonal ; if
those planes touch only, as in the figuve, the faces b, b become squares;
but, if the truncating planes intersect, they then become hexangular,
while the faces b, b remain squares. The structure of this crystal is
asily explained The cube is here a secondary form, constructed:

* ¥ioes ot Borner, Clsux fluatéo sputhique. Brongniart, Foliated Fluor. Jamesen.
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and from - to 1§ inch in diameter, are pale or deep green prisms,
deeply and lengitudinelly etriated, sometimes almest opaque, and
sometimes nearly transparent; they do not phosphoresce ;—aleo near
Lake Champlain, in mioute, reddish brown crystals with oxide of iron.
(Pizrce & Tozrer.)—In fine, Phosphate of lime, under some of its
varieties, is found in most of the mines of magnetic iren in New York;
it is offen in yellowish white or reddish greins. (G13ss.)

8. ¥IBROUS PHOSPEATE or LIME. This variety, still rare, is some-
times in masses, composed of delicate fibres, collected inte groups, and
radiating from a centre. It is phosphorescent.

In Saxony it is found rose red.

4. uassive prosPHATE orF LIME.* 'This variety has usually a dall,
earthy aspect. It occurs in masses more or less solid, which are some-
times mammillary or stalactical. Its structure is lamellar with curved
or diverging lamellee, and is sometimes granular ; its fracture is unevea
or earthy.—The lamellee sometimes present a little lustre, and are
often floriform. It is nearly or quite opaque ; and its color is usually
grayish, reddish, or yellowish white, often diversified by spots or zones
of a yellow or brownish tinge. Its powder phosphoresces on burning
coals with a very beautiful, greenish yellow light. It is phosphorescent
even by friction in the dark.

According to Pelletier, it contains lime 59, phosphoric acid 34 ; the
remainder being small quantities of the fluoric, carbonic, and muriatie
acids, with a little silex and oxide of iron. These foreign ingredients
may sometimes render it fusible, or cause it to produce a slight effer-
vescence in acids,

It is found abundantly in Estremadura, Spain, where xt is deposited
in beds, which alternate with limestone and quartz. It sometimes con-
tains crystallized apatite.

5. MULVERULENT PEOSPHATE OF LIME.! It occurs in the state of an
earth, whose particles are loose, or slightly cohering. Its color is grayish
or greenish white. On hot iron, it phosphoresces with a yellowish light.

A specimen, examined by Klaproth, yielded lime 47.0, phosphoric
acid 32.2, the remainder being fluoric acid, silex, oxide.of iron, water, &c.

It is found in a vein in the district of Marmarosch in Hungary.

Susspscies 1. “SiLicEous PuospHATE or LiMe.
Chaux phosphatée silicifere. Mauy. Brengniart.

This differs from the preceding varieties by giving fire with steel.
It occurs in porous masses, whose fracture is earthy, granular, or a little
foliated. Its color is gray, shaded with violet. On hot iron it phospho-
resces strongly.

It is found in the tin mines of Schlackenwald in Bohemia.
. ®Chaux phosphatée terreuse. Hawy. Brengniere. Phosphorit. Werner. Phosphorite. Jamesen.

4+ Earthy Phosphorite. Jameson.

.
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8recrns 4. FLUATE OF LIME.

Chawz Suamée. Buvy. Nrengwiort, ¥¥s. Werner. Housmasn, Flaor Kireen. Alin, Fhiliipe.
Le Fiaor. BrocAens, Octahedral Fluor. Jomeron.

The more common vasiety of this mineral may be easily recognised
by the striking beauty of its celors, and the form and perfection of its
crystals. But the most distinguishing characters of this earthy salt are
found among its chemical properties.

Although sometimes amorphous, it is most commonly crystallized ;
and the primitive form of its crysials appears to be a regular octaedron,
which may easily be obtained by mechanical division. (lntrod. 42.) It
presenids a great number of secondary ferms. Its integrant particles
are psobably regular tetvaedrons. Unlike most of the other calcareous
sals, it has seldom o mever occusred under any imitative form.

hmybeamtchedbymbﬁ:uhuderthmcmhﬂxmdwbon-
ate of lime. Hs specific gravity varies frem 3.09 to 3.20. When
reduced to powder, and placed on hot coals, it almost invariably phos-

with a very beautiful light, commonly of a greenish or violet
calor. (Introd. 174.) It also shines in the dark by the friction of twa

( Chiemical characters.) If sulphuric acid be poured on this minerad
inx a state of powder, and slightly heated, white fumes appear, having &
pungent smel, and pessessing the peculiar propevty of corroding glass.
These fumes are fluoric acid,.and, in.connesion with the physical charac-
teys, will almost always enable us easily to determine the presence of
Fluate of lime. Itis insaluble in water. Before the blowpipe it ueually
decrepitates, and melts into a whitish, transparent glass.

According to- Klapreth, it is composed of lime 67.75, flaoric acid
392.25. An analysis by Berzelius gives lime 72.14, fluoric acid 27.86.

From the carbonate and sulphate of lime it is easily distinguislied by
its greater hardness, and its chemical characters.

Var. 1. yivor span.* (Foliated Fluate of lime.) This variety,
though sormetimes massive, is almost always regularly crystallized. Its
orystals most frequently present the form of a cube, often perfect, and
sometinres truncated on all its edges by planes, which form with the
sides of the cube an angle of 135°.—Sometimes a bevelment is applied
to the edges of the cube.~Sometimes all the solid .angles of the cube
(PL II1, fig. 8.) are truncated; if the triangular planes a, a, produced
by truncation, do not touch each other, the faces b, b are octagonal ; if
tiiose planes touch only, as in the fignre, the faces b, b become squares ;
but, if the truncating phnes intersect, they then become henngular
while the faces b, b remain squares. The structure of this crystal is
casily explained, The cube is here a secondary form, constructed

® Flus ot Werner, Chsax fwatéo spathiquo, Brengniart, Foliated Floor, Jameton,
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around an octaedral nuclens. But, the decrements having ceased
before the cube was completed, the crystal remains a cabo-octaedron,
having six faces parallel to those of a cube, and eight faces parallel to
those of an octaedron. The incidence of a on b is 125° 16'~Each
solid angle of the cube is sometimes replaced by three, or by six faces ;
~and sometimes each face of the cube supports a low four-sided pyra-
mid—The dodecaedron with rhombic faces, and the primitive octaedron,
sometimes truncated on all its edges, or on all its angles, are among the
rarest forms of this mineral—Two or more of the aforementioned mod-
ifications are sometimes combined in the same crystal ;—and the cube
is sometimes elongated into a parallelopiped. One variety of form
from the Beeralstone mines possesses, according to Phillips, 234 faces..

These crystals are almost always extremely well defined, and often
very large ; the cube in some cases presenting a face of several square
inches. Their surface is generally smooth with a strong lustre. They
are often variously grouped.

Its structure is always foliated, though sometimes imperfectly; and
its lustre is usually more or less shining and vitreous. The crystals
easily yield to mechanical division, the laminee separating in directions,
parallel to the faces of a regular octaedron, and tetraedron. Its frag-
ments are either tetraedral or octaedral, resulting from the directions
of the natural joints just mentioned. It is more or less translucent,
and many of its crystals, especially the cubes, are transparent.

Its colors are uncommonly numerous; and, by the beauty, which
they confer on its specimens, deserve attention. It is sometimes limpid,
but most frequently presents some variety of white, gray, violet, blue,
green, yellow, red, brown, or black. Different colors often meet in the
same specimen, and are arranged in spots, zones, &c. Green cubes
sometimes exhibit blue or violet angles. Certain varieties, from resem-
blance in color, have been called false gems; thus there is the false
amethyst, sapphire, emerald, &c.

Some varieties of this Fluate are rendered interesting by the color
of their light, while phosphorescing. One, of a violet color, from Sibe-
ria, when placed on burning coals, does not decrepitate, but shines
with an emerald green light ; it has hence received the name of Chlo-
vophane—~A similar variety occurs in the Pednandree mine in Corn-
wall.—Fine specimens of the Chlorophane are also found in the United
States, in Connecticut. (See Localities.)

Another interesting variety, from Siberia, of a pale violet color with
greenish spots, is made to shine, when in small fragments, with a whitish
light, by the heat of the hand only ; at 212° Fahr. its phosphorescence is
green, and with a still stronger heat it becomes blue. But in all cases,

when phosphorescence ceases, the color of the mineral has disappeared.
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MASSIVE YLUATE or Lime. This subvariety is not uncommon ; it has
a folisted fracture, and is the result of crystallization. Its masses are
often composed of distinct concretions, which are sometimes granular.
—It also occurs in nodules or detached masses from three to twelve
inches in diameter, composed of prismatic concretions, whose colors
are generally arranged in concentric zones or bands, which often pre-
sent alternately salient and reentering angles. \

Very fine crystals are obtained in Derbyshire, England ; indeed this
mineral is sometimes called Derbyshire spar. Rose colored octaedrons
have been found near Mont Blanc.

2. compacr FLUATE or LMe.* This variety, which is rare, always
occurs in compact masses, whose fracture is even, imperfectly conchoi-
dal, or a little splintery, with a feeble, resinous lustre. It is more or
less translucent ; and its usual colors are gray, greenish gray, or brown,
and sometimes blue, violet, or red.

It often resembles certain varieties of compact limestone or feld-

It has been found in Saxony, Cornwall, &c.

S. mARTRY FLUATE oF LiMe.! This is in friable masses, composed
of small grains, which are sometimes arranged in parallel layers. Its
color is grayish or greenish white, or nearly violet.

It occurs in several of the lead mines of England.

The Ratofkite of John, found at Ratofka, in Russia, appears to be
an impure earthy fluate of lime. Its color is lavender blue. It con-
tains fluate of lime 49.5, phosphate of lime 20.0, water 10.0, muriatic
acid 2.0, phosphate of iron 8.75.

Susspecies 1. Anoirraceous FLuaTe or Line.
Chaux flustée aluminifere, Hauy. Brengniart. .
This has been found crystallized in cubes, opaque, and of a gray
color, near Buxton, in England. These crystals contain considerable
quantities of ferruginous clay, which however has not affected the form.
They are sometimes corroded.

Sunsrrcies 2. Ferip Fruare or Lime.

The external characters of this mineral do not sensibly differ from
those of the common, colored varieties of fluate of lime. But, when
broken, or scratched by a point of steel, it emits a strong, fetid odor,
resembling that of carburetted hydrogen. This odor, which is exhaled
even when the laminee are separated in the direction of the natural
joints, is sometimes perceptible at the distance of two or three feet, and
continues sensible for a considerable time.

) * Chaux fluatée comp Hauy. Brengniart. Dichter Fluss. #yrner. Compaet Flaor. Jomeren.
+ Chaux fluatéo terreuse. Hauy. Brongniart. Farthy Fluar. Jameson.
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In Bohemia and Saxony, it occurs in veins with the oxide of tin.—
In France, near Nantes; in granite—~In Cornwall, at St. Michael’s
Mount, in veins of tin, which traverse granite ; and at Stenna Gwyn,
it is imbedded in talc ; nearly thirty varieties of crystalline form have
been observed in the Apatite of Cornwall. (Pa1rLzrs.)—In Devon-
" shire, near Chudleigh, it occurs jn granite, in grayish white six-sided
. prisms, sometimes more than an inch in diameter, with crystals of
tourmaline from two to four inches in diameter. (Mawe.)—In Lap-
land, in the mines of Gellivara, with magnetic iron; it is yellowish
white or reddish, usually granular, sometimes in six-sided prisms.

In Upper Canada, at Prescot, on the St. Lawrence, in light blue
six-sided prisms, sometimes truncated on the terminal edges, in white
- limestone. (Mozrron & M’Evzy.)

In the United States, the Apatlte is not uncommon. In chrylnld.
near Baltimore, it exists in grains or.hexaedral prisms in granite ; its
color. varies from bluish green to lemon yellow. (@rLx0%.)~In Dela-
ware, 6 miles N. W. from Wilmington, it is grass green, in graphic
granite, with black tourmaline and garnets. (Jzssvr.)—In Pexnsylva-
nia, in the granite and gneiss of Germantown, accompanied by the
beryl, garnets, schorl, &c. it is both crystallized and massive, and often
grass green. (W isrer.)—Also near Philadelphia, on the canal road
and at Hamilton. (Les.)—In New Jersey, in most of the mines of
magnetic iron, often in yellowish white or reddish grains. (G335, )
In Mew York, near the city, usually in greenish or apple green prisms,
sometimes imperfect, either long and slender, or short and thick, im-
bedded in granite. (P1szce & Torrer.)—Also near West Farms, of
various colors in granite, and in small white prisms in gneiss ;—also
near Crown Point, in clove brown six-sided prisms, generally half an
inch long, in granular oxide of iron. (Morron.)—In Connecticut, at
Milford Hills, near New Haven, in imperfect, pale green crystals
in granite. (SizrLrmay.)—In Massachusetts, at Chelmsford, in small,
green six-sided prisms in limestone. (J. F. & 8. L. Dava.)—In

Maine, at Topsham, pale green cryshls of Apatite, often badly defined,
" but phosphorescing strongly on hot iron, are disseminated in granite ;
they are seldom found more than 3 or 4 inches below the surface of the
granitic mass, which also abounds with garnets.®

The name of this variety is from the Greek, awaras, to deeewc.
it having often been mistaken for other minerals.

2. asparaous sTONEY Jamxson. The name of asparagus stone has
been given this variety in allusion to the asparagus green color, which

® The writer is pot confident, that some of the abovementioned Jocalities Jo not belong to the
mext variety.

t Spargelstein. Werner. Chaux phosphatée Chrysolithe. Brongniert.
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it frequently exhibits. Tt is distinguished from the Apatite partly by its
crystalline form, and more particularly by its want of phosphorescence
on hot coals. It sometimes presents the primitive form, either perfect,
or with truncated lateral edges ; but most frequently the hexaedral prism
is terminated by six-sided pyramids, whose faces correspond with the
sides of the prism, and form with them an angle of 129° 14’; the ver-
tices of the pyramids and the lateral edges of the prism are sometimes
truncated. These prisms are usually longer than those of the Apatite;
and the pyramid is sometimes cuneiform.

This variety sometimes occurs in 'small crystalline masses.

Its foliated structure is usually imperfect; but sometimes more
distinct, than that of the Apatite, in the direction of the sides of the
prism. Its fracture is more or less conchoidal, usually with small cav-
ities. [t is translucent, and frequently transparent. Beside asparagus
green, it presents other shades of green, or is greenish white, or nearly
gray, yellow, brown, bluish, &c.

It is somewhat remarkable, that its powder does not phesphoresce
on burning coals. It has however been observed, that the artificial
phoephate of lime never phosphoresces.

(Localities.) This variety is found abundantly near Cape de Gata,
in the province of Grenada, in Spain ; its gangue is a decomposed stone,
concerning which mineralogists are not agreed~1It is found near Vesu-
vius, mixed with idocrase—~At Arendal, in Norway, it exists in crys-
{als, or small masses, which are sometimes globular, of a brownish, or
greenish blue color, in primitive rocks; these crystals have been cilled
Moroxite—~In France, near Havre, in greenish gray nodules, varying
from the size of a grain of millet to that of a nut, imbedded in chalk;
it is impure. (BzrYHIRR.)

In the United States. In Pennsylvania, at Germantown, this varie-
ty is found in gneiss ; it'is in hexaedral prisms, sometimes truncated
on the:lateral edges, but more frequently it is destitute of a regular
form ; its color is bluish green, sometimes gray ; and on burning coals
it does not phosphoresce. (Gonox.)—In New Jersey, Morris County,
near Green Pond,-in sulphuret of iron—In MNew Fork, in the High-
lands, at Anthony’s Nose, in sulphuret of iron; it occurs in brownish
or yellowish green six-sided prisms, varying from a line to an inch in
length, and terminated by six-sided pyramids with truncated summits ;
the faces of the pyramids form with the sides of the prism an angle of
130° 20’, as measured by a reflecting goniometer; these crystals, of
which some are perfect, while others have their angles rounded, gener-
ally present two faces broader than the other four ; they do not phos-
phoresce on hot coals j—also on the island of New York, in a vein of
quartz, traversing mica slate; these crystals, from 2 to 4 inches long,

26 :
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and from -} to 1} inch in diameier, are pale or deep green prisms,
deeply and longitudinally etriated, sometimes almest opaque, and
sometimes nearly transparent; they do not phosphoresce ;—also near
Lake Champlain, in minute, reddish brown crystals with oxide of iron.
(Pizrce & Torrer. )—In fine, Phosphate of lime, under some of its
varieties, is found in most of the wines of nagnetac iron in New York ;
it is offen in yellowish white or reddish grains. ( Gisss.)

8. FIBROUS PHOSPHATE OF LINE. This vmety, still rare, is some-
times in masses, composed of delicate fibres, collected into groups, and
radiating from a centre. It is phosphoreseent.

In Saxony it is found rese red.

4. uass1vE PHOSPHATE oF LiMe* This variety has usually a dull,
earthy aspect. It occurs in masses more or less solid, which are some-
times mammillary or stalactical. Its structure is lamellar with curved
or diverging lamellee, and is sometimes granular; its fracture is uneven
or earthy.—The lamellee sometimes present a little lustre, and are
often floriform. It is nearly or quite opaque ; and its color is usually
grayish, reddish, or yellowish white, often diversified by spots or zones
of a yellow or brownish tinge. 1Its powder phosphoresces on burning
coals with a very beautiful, gréenish yellow light. It is phosphorescent
even by friction in the dark.

According to Pelletier, it contains lime 59, phospheric acid 34 ; the
remainder being small quantities of the fluoric, carbonic, and muriatie
acids, with a little silex and oxide of iron. These foreign ingredients
may sometimes render it fusible, or cause it to produce s slight effer-
vescence in acids.

It is found abundantly in Estremadura, Spain, where nt is deposited
in beds, which alternate with limestone and quartz., It sometimes con-
tains crystallized apatite.

5. TULVERULENT PHOSPHATE OF LiME.! It occurs in the state of an
earth, whose particles are looge, or slightly cohering. Its color is grayish
or greenish white. On hot iron, it phosphoresces with a yellowish light.

A specimen, examined by Klaproth, yielded lime 47.0, phosphoric
acid 32.2, the remainder being fluoric acid, silex, oxide.of iron, water, &c.

It is found in a vein in the district of Marmarosch in Hungary.

SusspEcies 1. *SiLioeous PaospHATE or LiME.
Chaux phosphatée silicifere, MNauy. Brengniart.
This differs from the preceding varieties by giving fire with steel.
It occurs in porous masses, whose fracture is earthy, granular, or a little
foliated. 1Its color is gray, shaded with violet. On hot iron it phospho-
. resces strongly.
It is found in the tin mines of Schlackeniwald in Bohemia.
. * Chaux phosphatée terrewse. Hawy. Brongniert. FPhosphorit. Werner. Phosphorite. Jameaon.
1 Earthy Phosphorite. Jameson.

.
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greerns 4. TLUATE OF LIME.

Chary Sambe. Hovy. Breagwiart, ¥hue. Werner. Housmann, Floor Kirwen, Ailin, Phillipe.
Le Flaor. Brechend. Octabedral Fluor. Jomeson.

The more common vasiety of this mineral may be easily recognised
by the striking beauty of its colors, and the form and perfection of its
crystals. But the most distingnishing characters of this earthy salt are
found ameng its chemical properties.

Although sometimes amorphous, it is most commonly crystallized ;
and the primitive formx of s crystals appears to be a regular octaedron,
which may easily be obtained by mechanical division. (Introd. 42.) It
presents x great number of secondary ferms. Its integrant particles
aze probably regufar fetraedrens. Unlike most of the other calcareons
salts, it has seldom o never occusred under any imitative form.

Bnaybmmébymhntuharderthmcryaulhmd carbon-
ate of lime- Hs specific gravity varies frem 3.09 to 3.20. When
reduced to powder, and placed on hot coals, it almost invariably phos-

with a very beautiful light, commeonly of a greenish or violet
culor. (Entrod. 174.) It also shines in the dark by the friction of twa
pieees against each ather.

( Chiemicel choracters.) 1f sulphuric acid be poured oa this minerad
in a state of powder, and slightly heated, white fumes sppear, having &
pungent smell, and pessessing the peculiar property of eorroding glass.
These fumes are flueric acid, and, in connexion with the physical charac-
teys, will almost always enable us easily to determine the presence of
Plaate of lime. Itis insoluble in water. Before the blowpipe it usually
decrepitates, and melts into a whitish, transparent glass,

According to Klapreth, it is composed of lime 67.75, fluoric acid
34.95. An analysis by Berzelius gives lime 72.14, fluoric' acid 27.86.

From the carbonateand sulphate of lime it is easily distinguisltied by
its greater hardness, and its chemical characters.

Var. 1. rLvor spar.* (Foliated Fluate of lime.) This variety,
though soinetimes masaive, is almost always regularly crystallized. Its
erystale most frequently present the form of a cube, often perfect, and
sometinms truncated on all its edges by planes, which form with the
sides of the eube an angle of 135°~—Sometimes a bevelment is applied
to the edges of the cube~Sometimes all the solid .angles of the cube
(PL IT1, fig. 8.) are truncated; if the triangular planes a, &, produced
by truncation, do not touch each other, the faces b, b are octagonal ; if
tilose planes touch only, as in the figure, the faces b, b become squares;
but, if the truncating planes intersect, they then become hexangular,
while the faces b, b remain squares. The structure of this crystal is
casily explainedd The cube is here a secondary form, constructed:

© Fluss spath: Borner, Cluus flvatée spathique, Brongniart, Foliated Fluor, Jameton.



200 FLUATE OF LIME.

around an octaedral nucleus. But, the decrements having ceased

befare the cube was completed, the crystal remains a cubo-octaedron,

having six faces parallel to those of a cube, and eight faces parallel to
those of an octaedron. The incidence of a on b is 125° 16'—Each
solid angle of the cube is sometimes replaced by three, or by six faces ;
—and sometimes each face of the cube supports a low four-sided pyra-
mid.—The dodecaedron with rhombic faces, and the primitive octaedron,
sometimes truncated on all its edges, or on all its angles, are among the
rarest forms of this mineral—Two or more of the aforementioned mod-
ifications are sometimes combined in the same crystal ;—and the cube
is sometimes elongated into a parallelopiped. One variety of form
from the Beeralstone mines possesses, according to Phillips, 234 faces..

These crystals are almost always extremely well defined, and.often
very large ; the cube in some cases presenting a face of several square
inches. Their surface is generally smooth with a strong lustre. They
are often variously grouped.

Its structure is always foliated, though sometimes imperfectly; and
its lustre is usually more or less shining and vitreous. The crystals
easily yield to mechanical division, the laminee separating in directions,
parallel to the faces of a regular octaedron, and tetraedron. Its frag-
ments are either tetraedral or octaedral, resulting from the directions
of the patural joints just mentioned. It is more or less translucent,
and many of its crystals, especially the cubes, are transparent.

Its colors are uncommonly numerous; and, by the beauty, which
they confer on its specimens, deserve attention. It is sometimes limpid,
but most frequently presents some variety of white, gray, violet, blue,
green, yellow, red, brown, or black. Different colors often meet in the
same specimen, and are arranged in spots, zones, &c. Green cubes
sometimes exhibit blue or violet angles. Certain varieties, from resem-
blance in color, have been called false gems; thus there is the false
amethyst, sapphire, emerald, &c.

Some varieties of this Fluate are rendered interesting by the color
of their light, while phosphorescing. One, of a violet color, from Sibe-
ria, when placed on burning coals, does not decrepitate, but shines
with an emerald’ green light ; it has hence received the name of Chlo-
rophane—A similar variety occurs in the Pednandree mine in Corn-
wall,—Fine specimens of the Chlorophane are also found in the United
States, in Connecticut. (See Localities.)

Another intereeﬁng variety, from Siberia, of a pale violet color with
greenish spots, is made to shine, when in small fragments, with a whitish
light, by the heat of the hand only ; at 212° Fahr. its phosphoteecence is
green, and with a still stronger heat it becomes blue. But in all cases,
when phosphorescence ceases, the color of the mineral has disappeared.
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MASSIVE YLUATE OF LiMe. This subvariety is not uncommon ; it has
a foliated fracture, and is the result of crystallization. Its masses are
often composed of distinct concretions, which are sometimes granular.
~—It also occurs in nodules or detached masses from three to twelve
inches in diameter, composed of prismatic concretions, whose colors
are generally arranged in concentric zones or bands, which often pre-
sent alternately salient and reentering angles. \

Very fine crystals are obtained in Derbyshire, England ; indeed this
mineral is sometimes called Derbyshire spar. Rose colored octaedrons
have been found near Mont Blanc.

2 compacr FLUATE oF L1ue.* This variety, which is rare, always
occurs in compact masses, whose fracture is even, imperfectly conchoi-
dal, or a little splintery, with a feeble, resinous lustre. It is more or
less translucent; and its usual colors are gray, greenish gray, or brown,
and sometimes blue, violet, or red.

It often resembles certain varieties of compact limestone or feld-

It has been found in Saxony, Cornwall, &c.

S. mArTHEY FLuaTE oF Line.t This is in friable masses, composed
of small grains, which are sometimes arranged in parallel layers. Its
color is grayish or greenish white, or nearly violet.

It occurs in several of the lead mines of England.

The Ratofkite of John, found at Ratofka, in Russia, appears to be
an impure earthy fluate of lime. Its color is lavender blue. It con-
tains fluate of lime 49.5, phosphate of lime 20.0, water 10.0, muriatic
acid 2.0, phosphate of iron 8.75.

Suzsrecies 1. Anorraceous FLuate or Line.
Chaux fluatée aluminifere. Hauy. Brengniart. s
This has been found crystallized in cubes, opaque, and of a gray
color, near Buxton, in England. These crystals contain considerable
quantities of ferruginous clay, which however has not affected the form.
They are sometimes corroded.

Svssprrcies 2. Ferip FLuate or Lime.

The external characters of this mineral do not sensibly differ from
those of the common, colored varieties of fluate of lime. But, when
broken, or scratched by a point of steel, it emits a strong, fetid odor,
resembling that of carburetted hydrogen. This odor, which is exhaled
even when the laminee are separated in the direction of the natural
joints, is sometimes perceptible at the distance of two or three feet, and
continues sensible for a considerable time.

® Chaux fluatée comp Hauy. Brengniart. Diechter Flus. W¢rner. Compaet Flaor. Jamersn.
* + Chaux fluntée terrense. Hawy. Brongniart. Earthy Fluer. Jameron.
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Petid fluate of Kme, first observed by Mr. A. E. Jessup, is found in
the Piited States, in IlMimois, 17 miles from Shawneetown, in violet,
rved, and yellow crystals. (Jzsszr.) See Localities of the Species. ,

( Geological situckion of the Species.) Fluate of lime almost always
eccurs im veins, especially metallic veins, which may traverse primitive,
transition, or secondary rocks. It has also been ebserved in beds ; and,
in a few instances, appears to enter inte the compositien of primitive
vocks. (Brovexrarr.) It is sometimes in veins, or attached te the
sides of cavities, in granite.—Veins, which contain: Fluate of lime, are
obviously of different ages. In the mest ancient, this mineral is asso-
ciated with ores of tin; while in those, which appear to be more recent,
it is connected with the sulphurets of lead, zinc, iron, and eopper. These
sulpburets, especially that of iron, are often disseminated in masses of
Fluate of lime, or traverse them in a zigzag direction, and, by their me-
tallic lustre, contribute much to the beauty of certain specimens. The
veins are often very large, and compesed almost entirely of Fluate of lime.
In addition to metallic substances, however, it is often associated with
quartz, the carbonate and phosphate of lime, sulphate of barytes; &c.

( Loealities.) Fluate of lime is found abundantly in England. In
Cornwall, it is asseciated with ores of tin in veins, which traverse
argillite. In Derbyshire and Burham, it is cennested with galena in
veins, traversing cempact limestone~Near Stanhope, in Durham
County, it eccurs in transparent crystals of uncommen beauty, whose
colex by transmitted light is an intense emerald green, and by reflected
light a sapphire blue ; their forms are ewbes or parallelopipeds ; they
begin to phosphoresce in water heated nearly to 212°, and their powder
on hot iron yields a violet light. ( CL4rkE.)—In Weardale, in the same
County, emerald green crystals of fluor spar are said to contain drops
of water.—In the Beeralstone mines, Devonshire, white octaedral crys-
tals are sometimes imbedded in greenish fluor spar.—At Oxford, Eng-
land, is a bivalve shell, lined with imperfect crystals of fluate of lime.
(K'rpp. )—This mineral occurs also in Saxony, Norway, France, &c.

In Canada, near Quebec, 4t Cape Diamond, it occurs in fetid lime-
stone with quartz and acieular carbonate of limes FM’Hures.)

In the United States. In Tennessee, Smith County, in white or purple
cubes, which are sometimes truncated or bevelled on the edges. (Har-
pen.)—In Virginia, near Woodstock or Miller’s town, Shenandeah
County, in small, loose masaes in the fissures of a limestone, containing
shells. (Barron.)—Also at Shepherdstown, on the Potowmac, in veins.
of white limestone, traversing blue limestone ; its colors are red. and:
purple. (Morron & M’ Evex,)—In Hlinois, Gallatin County, on Peter’s
(Creek, 17 miles from Shawneetown, and at the three Forks of Grand-
Pierre Creek, 27 miles irom Shawneetown, and is-also found occasion-
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ally on the soil for 30 miles 8. W. from Cave in Rack on the Ohio. It
occars wassive, and in cubes, either perfect or truncated, selitary oy ag-
gregated, and is associated with galena, &c. in alluvial deposite, or in
veins, which appear to traverse compact limestone and calcareous sand-
stone. At Peter’s Creek, it is almost always in crystals, sometimes sever-
&l inches in diameter, presenting very rich and beautiful colors. Though
sometimes limpid, and sometimes nearly black, its more commen colors
are some shade of violet, purple, red, or yellow. The limpid and yellow
crystals are sometimes invested with a thin violet or red coat. It is
usually phosphorescent by heat, excepting when nearly black. The
colored crystals are often fetid by percussion. (See Subspecies 2.) At
the Forks on Grand Pierre Creek, it occurs on the surface of the soil in
masses, which are sometimes several feet in diameter; its colors are
violet, rose, and green. (Jxssvr. SiLLinan.)~In Maryland, on the
‘Waest side of the Blue Ridge, with sulphate of barytes. (Harpzw.)—~—
In New Jersey, near Franklin Furnace, in Sussex County, disseminat-
ed in lamellar carbonate of lime, and accompanied by mica and carbu-
ret of iron ;—also near Hamburg, on the turnpike to Pompton, in a
vein of quartz and feldspar. (Bzucz.)—In New Fork, near Saratoga
springs, in limestone ; it is nearly colorless and penetrated by pyrites.
—In Connecticut, at Middletown, in a vein, and is accompanied by the
sulphurets of lead, zinc, and iron. (Bzucs.)—Also at New Stratford,
in the town of Huntington, 4 miles S. from the the bismuth mine, in a
vein, traversing white granular limestone in gueiss, and associated with
quartz, mice, &c. Though sometimes in cubes, it is usually massive.
Its color, sometimes almost white, is generally some shade of violet, or
purple. When placed on hot iron in a dark room, it emits a very pure
emerald green light ; masses even one inch in diameter become illumi-
nated in a few seconds, and continue distinctly luminous, whep remov-
ed to a room, lighted by candles, or when viewed in weak day light.
(81LL1M4n.)=In Vermont, at Thetford—In JMassachusetis, at the
lead mine in Southampton, it occurs in sulphate of barytes and granite,
associated with galena, quartz, &c.; its color is usually green or pur-
ple~~In New Hampshire, at Rosebrook’s Gap, in the White Moun-
tains, in small detached pieces. (Gr22s.)

(Uses.) It is sometimes employed as a flux for certain ores ; and
bence the name of Fluor. In some places, particularly in Derbyshire,
it is cut into plates, vases, &c. for ornamental purposes, and polished ;
it is sometimes extremely beautiful.—The variety in prismatic concre-
tions, with colors in concentric bands, found near Castleton, in Derby-
shire, and by the miners called Blue John, furnishes many beautiful
vases, &c.—From Fluate of lime is obtained the fluoric acid, employed
for etching on glass. '
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8rzcixs 5. SULPHATE OF LIME.

Chaux sulfstée, Hauy. Brongniart. Gypsum. Kirwon. Aikin, Phillips. Gype. llaxemansn.
Axifrangible Gypsum, Jemeson.

Gypsum.

The examination of this mineral is interesting in many respects,
particularly on account of its uses in agriculture and the arts. It is
often in amorpheus masses; and not unfrequently in crystals, whose
primitive form is a four-sided prism (Pl. III, fig. 9.), whose bases are
parallelograms with angles of 118° 8’, and 66° 52’ ; the sides of the
base and the height of the prisms are as the numbers 12, 13, 32. Of
this nucleus, which is easily obtained, more than twenty modifications
have been observed. The integrant particles have the form of the
nucleus.

It possesses double refraction, which must be observed in the man-
mer already prescribed for sulphate of barytes. In hardness it is infe-
rior to crystallized carbonate of lime, for, in general, it may be scratch-
ed even by the finger nail. Its specific gravity usually lies between
2.26, and 2.31; but is sometimes as low as 1.87, according to Kirwan.

( Chemical characters.) By the blowpipe it may be melted, though
not very easily, into a white enamel, which, in a few hours, falls into
powder. If the fragment is crystallized, it not only whitens instantly
and becomes brittle, but very easily exfoliates in one direction. In
order, however, to melt these lamine, the flame should play in the
direction of the laminee against their edges, and not perpendicularly
to their surface. These different effects, according to the different
directions of the flame, are supposed by Haliy to arise from the great
length of the integrant particles, compared with the dimensions of their
bases ; for the laminee are composed of an indefinite number of these
little prismatic solids, which must necessarily cohere more strongly in
the direction of their length or sides, than in that of their bases. It
does not effervesce with acids, unless it be impure. It is soluble in
about 500 times its weight of water. It does not burn to lime.

Sulphate of lime is composed of lime 82, sulphuric acid 46, water
22. (Bercman.) A laminated specimen from Onondaga yielded
‘Warden lime 82, sulphuric acid 47, water 21. In the compact variety
Gerhard found lime 34, sulphuric acid 48, water 18. It is sometimes
contaminated by small quantities of carbonate of lime, alumine, silex,
and oxide of iron.

(Distinctive characters.) Its inferior hardness, together with its
chemical characters, will serve to distinguish it from the carbonate,
phosphate, and fluate of lime.

. The different structures and the extent of this species require a
number of subdivisions.

’
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Sussracizs 1. SzremTe. JAMESON.
Chanx saliitée Sclenite. Brengniert. Fraucveis, Werncr. Mehe. Spathiger Gypa. Hewemonn.

d * Foliated Sulphate of lime.

Though always crystallized, it occurs both in foliated masses, and
in regular crystals.  One of its most simple forms is a tabular solid or
low prism, whose bases are rhomboidal with angles of 126° 52" and
53° 8', und whose narrow sides are all bevelled by trapezoidal planes,
which, on two opposite sides, are inclined to each other in an angle of
143° 58, but, on the other two sides, in an angle of 110° 36’—This
crystal is sometimes elongated (Pl [II, fig. 10.), and then assumes a
prismatic form, having six sides, but all the angles remain the same.—
The terminations of this crystal, viewed as a six-sided prism, are some-
times convex.—Sometimes the preceding crystal is terminated by four
planes (PL II1, fig. 11.).—There is also a prism with eight sides, ter-
minated by four-sided summits. The trapezoidal faces of the preced-
ing crystals are, in general, longitudinally striated.

The crystals of Selenite are frequently united, of collected into
groups of various forms. Sometimes a hemitrope is formed ; and
sometimes large crystals are penetrated by smaller.

The geometrical beauty of the crystals is often much impaired by
the bluntness of their edges and angles, and the convexity of their faces.
This convexity is often so great, that the crystal becomes lenticular ;
and two lenticular crystals frequently unite in such manner, as to form
a reentering angle on one side. Sometimes these lenses are grouped in
the form of a crest, or like the petals of a rose, or in stars, &c.

Its structure is foliated, and its lustre shining or splendent, and
sometimes pearly. The laminege separate in three directions, parallel
to the sides of the primitive form, but most easily in the direction of
the bases; when thin, they are flexible, but not elastic, like mica; they
break into rhowmboidal fragments. Though sometimes translucent, it
is most commonly transparent. Some specimens are limpid, but its

color is usually white, either pure, or with shades of gray or yellow,’

and may be yellow, reddish, violet, gray, brown, &c.. The surface is
sometimes irised, or pearly.

Var.1. massive seLEniTeE.* This variety is in massesy whose struc-
ture is laminated, or sometimes only lamellar. The laminee are often
large and transparent, easnly yielding to mechanical division. Some-
times they are arranged in clusters, or radiate from a center. As they
become smaller, they constitute masses, which gradually pass into
granular gypsum, to which they have the same relation, as calcareous
spar to granular limestone.

* This inclades a part of the dicettriger Gipe of Werner, and the foliated granuler Gupsum of
Jameson.
27
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The laminee of Selenite hm sometimes a specular surﬁne, ex-
tremely beautifal.

AcicvLAR SELENITE. ‘This is found in acicular crystals, particularly
in old mines, or in volcanic countries, or in hills of gypsum, and appears
to be of recent formation.

(Geological situation,) The crystals of Selenite are very often
disseminated in beds of clay or marl. But their color does not appear
to have been affected by that of the clay or marl, except in a few cases,
where the coloring matter has obviously entered by filtration. When
massive, and sometimes when in crystals, Selenite is associated with
extensive beds or strata of gypsum, and sometimes with carbonate of
lime, &c. In a few instances it has been observed in metallic veins,
some of which traverse primitive rocks.

Fine specimens are found in Oxfordshire, England; and at Bex
in Switzerland. (See Localities of the Species.)

Susspecies 2. Gyrsum.
Gips. Werner. Chaux sulfatée Gypee. Brongaiort,

The term Gypsum, though sometimes extended to the whole species,
is more frequently appropriated to those varieties of Sulphate of lime,
which have a fibrous or granular structure, being the result of a con-
fused crystallization, and to those, whose texture is compact, or earthy.

Var. 1. riBrous GYpsuM.* JamEeson. Its fibres are parallel and of-

ten curved. Though sometimes coarse, they are often fine and delicate, ,

glistening or even shining with a pearly or satin lustre ; some speci-
mens; like a mirror, reflect the flame of a candle. The fibres often

separate from each other with great ease, and sometimes occur more or

less distinct; sometimes also they are long, slender, and curved. In
some cases, the cross fracture, or structure perpendicular to the length
of the fibres, is foliated, and has a brilliant lustre. It is sometimes in
stalactites, or other concretions.—It is usually translucent, and its
colors present some shade of white, gray, red, or yellow.

It most frequently occurs in thin beds or layers, associated with
the other varieties of gypsum, clay, sandstone, &c.

Itis emly distinguished from fibrous limestone by its inferior hard-
ness.—It ia sometimes cut and polished for ornaments,

2. eraNuLAR 6Ypsumt This is a common variety. It occurs in
masses, having a granular structare ; but the grains are extreme]y va-
riable in their size, and have a foliated structure. Hence its fracture
is both granular and foliated with a lustre, sometimes shining, and

® Fasriger Gips, Werncr. Chaux sulfatée filwveuse. Heuy. Chaux sulfatée Gypee fibreux. Brong-
niert. . ’

T Blewtriger Gips. Werner. Foliated granular Gypsum, Jamessn. Chaut sulfatée Gypse
comuacte. Brengniart.

[ 3
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sometimes only glimmecing. Its fragments are translucent, sometimes
at the edges only ; and its color is some variety of white, gray, or red,
or even of yellow, brewn, or black, or is spotted, &c.—~Some varieties
are composed of prismatic rather than granular concretions.

This variety often strongly resembles granular limestone, but may
be distinguished by its inferior hardness, which permits it to be scratch-
ed by the finger nail.

Accordiug to the size of its folia or grains, this variety passes, on
the one side, into massive Selenite, and on the other, into the following
variety.

It is sometimes employed in the arts under the name of alabaster.

8. couraor ayrsum.* Famxrson. 'This is found in compact mnasses
of a fine grain, whose fracture is even, or splintery, or uneven, and
nearly or quite dull ; sometimes however it exhibits minute, glimmering
folia. It is opaque, or translucent at the edges; and its colors are
commonly white or gray, sometimes shgded with blue, yellow, red, &e.
It also occurs blue, red, or yellow, and frequently . presents variegated
colors~It is sometimes in concretions. .

Compact Gypsum is also employed in sculpture and architecture
upder the name of alabaster. . -

4. BrancHy oyrsum.t This rare variety occurs in little branches,
singularly curled or twisted, and collected into little tufta. M. Brong-
niart supposes it to be formed, like the coralioidal variety of the arra-
gonite. It is found near Matlock, in Derbyshire, &c.

5. snowy gyrsum.l This is found in small, reniform or flattened
masses, which have the aspect of snow. They are composed of very
minute plates or spangles, and are easily reducible to powder. These
little plates are snow white and pearly, resembling white talc ; but
they are not unctuous to the touch, like talc, and are more easily melt-
ed.—They sometimes have a tinge of yellow.

It is found in masses of Sulphate of lime ; and sometimes adhering
to lenticular crystals of selenite, as at Montmartre, near Paris. It
may perhaps arise from the disintegration of massive selenite, at least
in some cases.

6. EARTHY cYrsuM.§ JamEeson. This undoubtedly results from
the disintegration of some of the preceding varieties. It is composed
of dusty or scaly particles, which resemble those of meal or chalk, and
soil the finger a little. These particles are dull, and slightly cohering
in small masses. Their color is gray er-white with a tinge of yellow.

* Dichter Gips, Werner. Chaux sulfatée compacte. }Iaug;. Chaux sulfatée Gypse compacte, Brong
4+ Chaux suifatée Sclenite rameuse, Brengniart.
$ Chaux sulfatée niviforme. Hauy. Chaux sulfutéz Gypse niviforme, Brongniart. Scaly folisted

Gypyam. Jameren.
§ Gips erde. Werner. Chsux sulfatée terrouse. Hauy. Chaas sulfatée Gypse terreux. Brong.
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It sometimes forms beds of considerable thickness, resting on other
varieties of Gypsum. It is also found in the cavities or fissures of
other varieties of Gypsum, and also in those of other rocks in tie vicin-
ity of Gypsam. It appears to be of daily formation, being produced
by the agency of rain water; for it occurs mure plentifully in wet
than in dry seasons.

It has been found in Saxony, Norway, &c.

SusspecrEs 3. PLASTER STONE.
Chaux sulfatée grossiere. Brongniart. Chaux sulfatée calearifere. Houy. Montmartrite. Jameson.

Plaster of Paris.

Thxs would not be entitled to a distinct notice, were it not for the
_foreign ingredients, which it contains, and which, in many instances,
greatly improve it, as a cement. [n order to render calcined Sulphate
of lime a good cement, there must be present a certain quantity of
quicklime. But the mineral, of which we now speak, sometimes con-
taine the proper quantity of carbonate of lime to constitute a good
cement after calcination. Hence it slightly effervesces with acids.
Sometimes also it embraces clay or sand, which injures it as a cement.
—Its texture is earthy or granular with coarse grains, and sometimes
foliated. It is sometimes white, but it also presents various shades of
other colors, arising from the presence of oxide of iron.

It occurs abundantly near Paris; at Montmartre it is yellowish,
contains about 17 per cent. of carbonate of lime, and alternates with
beds of slaty clay, and marl.

( Geological situation of Gypsum.) This mineral, next to carbonate
of lime, is more abundant, thar any other earthy salt It is sometimes
deposited on the sides of primitive mountains at a’considerable eleva-
tion ; sometimes in vallies ; and sometimes it constitutes whole hills,
or exists in extensive strata at the surface of the earth, or at a great
depth below.

There appears to be several distiact formations of this speclea, well
characterized by their relative situation and accompanying minerals.
| In other words, Sulphate of lime is found among secondary, transition,

and primitive rocks.

The oldest formation, or primitive Gypsum, is found resting on
primitive rocks, or even contained within them. [t is most frequently
granular, sometimes lamellar, usually white, and often much resembles
granular limestone. It is sometimes mixed with mica, talc, feldspar,
&c. but never embraces clay, marl, nor remains of organic beings.
This formation has been found in several parts of the Alps, between
strata of mica slate, or gneiss, sometimes alternating with them, and

wni«l by limestone, or hornblende slate.

-
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'The existence of primitive Gypsum is, however, doubted by Maehre,
a distinguished and impartial geologist, whose personal obsarvatiens in
this country and in Europe have been very extensive. Accerding to
M. Brochant also, who has repeatedly visited different- parts of the
Alps, there is not sufficient evidence, that those depesites of Gypsum,
usaally called primitive, are of contemporaneous formation with ncks
decidedly primitive.

Anocther formation of Gypsum appears to belong to transition rocks
It is sownetimes associated with argillite and graywacke slate ; 